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PREFACE 


t n . / . 

object of ^the Dictionary is to furnish the modem signification 
of technical tcnm employed in the Arts and Sciences enumerated 
on Pj vii, and by means of compendious articles to elucidate the 
principles and processes of pure and applied science. 

The numerous articles on the various branches of Chemistry, 
Theoretical, Practical and Applied, as well as those on Mineralogj’’ 
and Metallurgy, afford the latest information available, much of which 
is not to t)e found in earlier standard works of reference dealing Avith 
tliese subjects. 

'' t^or explanation of or further details concerning the technical terms 
that occur in the longer articles, readers should refer to the general 
alpl labetical arrangement. 

Purchasers of the Dictionary are recommended to compare the 
Corrigenda with the definitions to which they refer and to make the 
actual cojTections. 

The Editors Avill be grateful to readers who kindly inform them of 
any errors not already corrected. 


September, 100 ( 5 . 
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SCOPE 


Dictionary contains Definitions of the Technical Terms most 
frequently employed in the several Arts and Sciences enumerated 
below, as well as numerous Articles, some of them of considerable 
length, dealing \nth various branches of tliese Arts and Sciences : 


AnCH^OLOGY 

ARCliTTECTXTRE 

ART 

ASSAYING 

ASTRONOMY (Pure and Applied) 
BOOKBINDING 

It* 

BOTANY (Economic) 

BRICKMAKING 

BUIJfcDING TRADES (Bricklaying, 
Masonry, I-arpentry, Joinery, Hoube- 
PAINTING, PaPERIIANGINC;, PluMBING, 
Quantity Surveying) 

CERAMICS 

CHEMISTRY 

CYCLE MANUFACTURE 

DYEING 

ELECTRICITY 

ENGINEERING (Civil, Electrical, 
Mechanical) 

ENGRAVING AND ETCHING 
GEOLOGY 

GLASS MANUFACTURE 

HERALDRY 

HYGIENE 


LAND SURVEYING 

LEATHER TANNING AND DYEING 

METALLURGY 

METEOROLOGY 

MINERALOGY 

MINING 

MOTORS AND MOTOR-CAR MANU- 
FACTURE 
MUSIC 

OIL MANUFACTURE 
PAINT MANUFACTURE 
PAINTING 

PAPER MANUFACTURE 

PHOTOGRAPHY AND PROCESS WORK 

PHYSICS 

PRINTING 

SCULPTURE 

STEAM ENGINE CONSTRfrOTION 
TEXTILE MANUFACTURES (Cotton, 
Lace, Linen, Silk, Wool, etc.) 
WATCH AND CLOCK MAKING 
WEIGHING, MEASURING, rto. 

WOOD PULP MANUFACTURE 
ZOOLOGY (Economic) 
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KEY TO THE ABBREVIATIONS USED IN CLASSIFYING 
THE TERMS INCLUDED IN THE DICTIONARY 


{Arcifffiol.) . 

, — Archajology 

(Math.) . 

. = 

Mathematics 

(Architect.') 

. = Aroliitecture 

(JUanniac.) 

. ~ 

Manufacture 

(Arm.) 

, 5=^ Armour 

(Mech.) 

. = 

>Iechanics 

(Astron.) . 

. — A.stronoTuy 

Olet.) 

. ~ 

Metallurgy 

(/iind.) 

, =r Bookbinding 

(JJeteor.) 
and r 


Meteorology 

(Jiiol.) 

-• Biology 


{Jimkl.) . 

. =r Building 

(Jfeteorol.)J 



(OirjK) . 

. =s Carpentry 

(MhK) . . 

. -■== 

Mineralogy 

(Chcm.) 

. ~ Chciriistry 

(Paint.) . 

. — 

Painting 

(Cfiem. Tech.) 

. = Clieralcal Tc'chnology 

(Photo.) 

. « 

rhotograpliy 

(CirilEHy.) 

. = Civil Engineering 

t • • 

. 

Physics 

(Cost.) 

. Costume 

1 (Phr^f.) 


Plaslf'ring 

(Dec.). . . 

= Decoration 

1 ( Phnnh.) . 

. * 

IMurnbing 

(Klecf.) 

. ~ Electricity 

; . ■ 

. ^ 

Pottery 

(Ulcct. Entj.) 

. = Electrical Engineering 

1 (Priivt.') 

. =*= 

J Printing 


= Engincenng 

1 (St'idj?.) . 

. *=-. 

Sculpture 

(Euffrar.) . 

. = Engraxing 

1 (Tw.). 

. = 

T Waddell 

(Geol.) 

. = Geology 


. 

Typography 

(Her.) 

. » Tleraldry 

(Zool . ) . , 

. ~ 

Zoology 

(Join.) 

. Joinery 
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A TECHNOLOGICAL AND 
SCIENTIFIC DICTIONAKY. 



A {Muttio). Tbe noterof the diatoj(4<» ef 
(y, aud the iirit relatiye mipot 

scale. Its SohFa and Cbnfteental name 4b Lati* A 
is the note sonndcd ta which all the insttiimeuitd ii^ " 
the orchestra are tuned. On all stringed instnir V 
ments it is found as an “'open ” string— that is, ihe ; 
note to which a string is tuned. One of the clarinet s 
is in tbe key of A, the other itwo being respectively 
Bl7andjC, ’ 


** A” Frame A triaiigtflar frame with a cross 

bat forming tho su)Jiiorts of sqroe part of a machine 
or «th(T structure. 

Abacus (A L ^ I 

Tlie uppermost member ; 

or feature ot the caf )italof ; 

a column. It supports ^ ^ ; 

the arcldtrave (q.i^.) In • , . , 

the Doric^ Toscan, and [ 

ancient Ionic orders it ' 

i.^ merely a Hat sqiiare ■ A 

slab; but in tjfc Coi% ^ ■' ■ — ■■ * 

inthian and Oompofc.iie \ X 

orders it is shaped differ* T 

entl>, and ornamented. 

See COIUMN, COKINTH- 
lAN, COMPOHITU. 

Abaissd (//i^r.) Not 
in Its u^ual place in a . u ‘ 

.Weld, Init lowered. ^ A"*®’’*' 


Abatements (^ITer.') Mafks of degradation, not 
now uset^ cf. : 


Vea ibongh I die, the scandal will sniTive, 

And he an ej wore in iny golden coat ; 

Rtmie luathiioiue </atA the iteiald mill contiive 
To cinhor inc. 

• Shakespfafe, 


Abatj our {Arch / teci .) A sloping ai lort nre made in 
a wall for the purpose of a4mitting hglit to base- 
ments and such other apartments. 

Abattoirs. Abattoirs, or public slaughter bouses/ 
are of great importance in the regulation of our meat 
supply by providing a means whereby the meat can 
be closely examined befort bi Ing sent to the niaiket. 
They a ”6 under the control of the sanituty authorities, 
wdu) are empowered by the Public Health Acts tto 
mako byelaws for the licensing, registering, ana 
manage ment thereof. It is most essential tluit the 
drainage, water supplv, and ventilation be kept in 
efficient order, ana that all waste refuse be im- 
mediately rcmpved. 

A Battuta (Mu^ioy With the beat. ^ 

AbatYoiz. The canopy or sounding board over a 
pulpit or rostrum to deflect the sound of the voice. 


Abb ( IPsartTij/). West of Bngland term for “ w^ft,** 

/.c, the yam or riirekd^ psCd in weatiilg for crossing 
and interlacing with^H^e wai^. This J^rm is, also 
applihd to a certain quallt;^ or'^rt of fleece. 

Abbey. A church ^ a^tachM. l!o ‘fL'xnonasteiy'.ar , 
convent : a name given a. chqych that once 
belonged to a religious community — Westminster 
Abbey. , . , 

Abbozzo {Paint') The first sketch or rough draft 
of a picture. . ^ ^ 

Abdomen C^*oloffy). 7'he posterior 'pafft.of tha 
trunk of dn animal. It is unprotected by a bony 
framework on the belly or under (ventral)' efface. 

Abdominal Forez A pair of apertures, 

one on each side of tbe cloaca (q.v,) of fishes of tlie 
Shaik tainily. These openings commumoate with « 
the body cavity. ‘ . 

ILberdebn Oranite. See Buildikg STdNza 

Aberration {Jjiqht), An apparent displacemdnt ; 
in the position of a body, owing to the observer's ^ 
motion while light is travelling from it to the ob- „ 
server. It was first noted in connection with tbe * 
supposed “ Fixed stars. 

— . Chromatic {Light ), The splitting up of light 
into its component colours (or DusPERBioN* f .r.) by 
a lens, owing to the different refractive index of, each 
component. This gives an image with a coloured 
margin. Corrected by suitably combining two lenses 
oi different glass. See ACHBOMAtlSM. 

, Spherical {Light), The meeting of reflected 

or refracted rays in a succession of points, instead of . 
in one single point, which results from the reflecting 
or refracting sniface being spherical. This error is 
corrected by modifying the form of the surface 
{c.g. mirrors are made of parabolic, instead pf 
circular, section). 

Abezzo, 0)io di {Paint.) An •(dl produced froh> 
the juiit^ tree, used as vainish. , 

Abney LeVel. A form of reflecting level and 
clinometer combined. 

Abocockp (Co)tt.) A hat pointdl in front, with 
the brim turned up behind, worn by royal personage s 
during fourteenth to sixteenth centuries. 

Ji^bflla {Coet.) A loose cloak made of vfhol, 
especially used by the Btoic philosophers. 

About Sledge (dS'ny.) Tbe use of a double- 
handed or “ slMge ’* f »ammer for the 
heavy blows by Swinging 4t abeve tho bead. 

Abyazion. i^iibbieyz eway, or 
material, j itfttiop of rthidstoiip* add » emery 
or glass palmer may .be quoted as^'eiMiq^clB. » 


'^ill lie noted that no medioal or anatomical deflmtions are 
For oxafn)>le, in the case of Abdomen only tjhe zoological mec 


\vpn in>the DiCtloNj^Y. 
iing is signi^ed;^ 
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Abraxas iArohaoU) Qems on which the m jstic 
word Abraxas was graven, nsed as charms by the 
Gnostics about the second century. 

Absinth. A liquor prepared from the leaves and 
flowers of Artemisia or wormwood (one of the 
Compo 9 ita ), together with other aromatic herbs ; 
yellowish -green colour. Contains oil of wormwood as 
distinctive ingredient ; flavouring oiis such as pepper- 
mint, cloves, etc. ; alcohol (about 50 pen* cent.) 

Absolttta Alcohol { Chem .) See Alcohol. 

AhsolUte PeoBOUPO (^PhysS) Pressure measured 
from the true zero or absolute vacuum. Thus a steam 
pressure conimonly quoted as 50 lb. per square inch 
is 66 lb. if measured from the absolute zero or true 
vacuum, but is 50 lb. more than the pressure of the 
atmosphere. 

Abeointe Strength { Eng .) The total load neces- 
sary to break a piece of material. 

Absolute Temperature (Phyn.) Temperature 
measured from the absolute zero (^.r.) This i.s about 
274® C. or 493° F. below the melting point of icc. 
Thus 20° C. = 274° + 20° = 294° absolute on the 
Centigrade scale ; 62® P. = 62® - 32® + 493® = 520® 
absolute on the Fahrenheit scale. 

Abeointe Unit of Current {Elect.) A cunent 
which exerts unit magnetic force (1 d 3 me per unit 
pole) at the centre of an arc of the condutitor carry- 
ing the current, the arc being of unit length (1 cm.) 
and unit radius. This unit is too large for practical 
use, and the Ampere, which is onc-tentb of %n 
absolute unit, Is used instead. 

Absolute Units { Phys .) Units connected by a 
simple physical relation with certain tundamental 
units, usually three in number, the units of Time. 
Length, and Mass. Thus a unit of volume directly 
derived from the unit of length is an absolute unit — 
a cubic foot or cubic centimetre. A poundal or 
a dyne (^.r.) is also an absolute unit of force, while 
the weight of a pound or of a gram is not, since it 
depends on the force exerted by gravit)*^ at the 
place as well as on the fundamental units. 

Absolute Zero Cffeat), The temperature at which 
no heat would remain in a body. It is found that 
this would be the case if we could cool a substance 
to —273® or —274° on the Centigrade scale. At 
this temperature the vibrations constituting the heat 
energy of the substance would have entirely ceased. 
The absolute zero has been approached to within 
about 25® ; bodies have been cooled to — 250® C. 

AbBorptiometer ( Phyi ., Chem .) An instrument 
for measuring the solubility of gases in water or 
other liquids. 

Absorption { Phyeiology ). The term applied to the 
process by wb|||h the soluble food materials in 
tbe stomach and intestines become diffused into the 
blood (ms Ileum, Villi). In Botany the term 
used for the process by which the soil watc'r xjasses 
into the roots. See Root. 

9 Eleotrical. The storing up of a part of 

the eleotrical energy of a charged condenser by 
tbe dielectric (o.r.) This stored energy becomes 
manifest after the condenser has been discharged 
once by giving a second smaller discharge, followed 
by others still smaller. These apparent successive 
charges are called Residual Charges” (q.v.) 

Absorption of Oasejh OoefBcient of (Phys.) 
The volume of a gas which can be, absorbed by unit 
volume of a given liquid at 15* C. 


Absorption of Light. When light falls upon a 
medium, a part is usually retaiued or absorbed by 
the medium. The energy of the absorbed light 
commonly, though not always, is retaiued by the 
l»ody in the form of heat ; it may, however, produce 
some chemical change or, in the case of organic 
media, some physioh^gical change. 

Absorption Spec tram. See 8fbctbum Analysis. 

Absorption, Thermal. The power of a surface to 
absorb heat falling upon it. 

Absorptive Power (Neat). The fraction of the 
total amount of heat falling upon a body, wliich is 
absorbed by the body. ^ 

Abt Rack ( CimI Eng.f Sec Mountain Rai lwats. 

Abutments {Eng.^ cic.) Surfaces of a structure 
which support the load — e.g. the top of the piers 
carrying the girdei-s of a bridge, or the part of the 
masonry from which an arch springs See Arch. 

Abyssinian Gold. A gold-plated alloy of copper 
and zinc. 

Acacia. See Woods. 

Academic {Art). What is drawn according to 
rule, correct, but formal and uninspired. Academic 
size, a little loss th.an half size. 

Academician. A member of an academy. A 
Royal Aca<lcmician {It. A.) is one of the forty mem- 
bers who, with a certain number of Associates, 
constitute the Royal Academj^ in England. 

Academy. Originally tbe grove or garden near 
Athens where Plato taught. Now generally used 
for a schoid or a place of instructi\»n. 

, Royal. Founded by George III. in 1768, 

under the title of the “Koval Academy of Arts 
in London.” Established until 1834 at Somerset 
House, then in Trafalgar Square, since 1869 at Bur- 
lington House, Piccadilly. Consists of forty ^teademi- 
oians styled “ K. A.” and thirty Associates^ .styled 
“A.K.A.” The annual exhibition of pictures by 
living artists opens on first Monday in May, and 
continues until tir.st Mi nday in August. Works that 
have once been exhibited are not again accepted for 
this exhibition. The winter exhibition, oonsisting 
of loan collections, etc., is open from the beginning 
of January until the middle of March. In the build- 
ing are schools of art for male and female student.^. 
The following is a list of l^rcsident j', with date of 
election; Sir Joshua Reynolds (1768); Benjamin 
West (1792); Sir Thomas Lawrence (1820); Sir 
M. A. Shee (18.30) ; Sir C. Eastlake (18.50) ; Sir Francis 
Grant (1866); Lord Leighton (1878); Sir John 
Everett Millai.s, Bt. (1 896) ; anrl Sir E. .1 . Poynter, Bt,, 
the present occupant of the office (1896). 

Acanthus {Architect.) A conventional ornament 
used in Greek, Roman, and Renais.sance architecture. 
It resembles the foliage of the plant of the same 
name. There are two types of acanthus: the 
“prickly,” having i)ointed leaves, and used by the 
Greeks; and the olive acanthus, which has blunt 
leaves, and was used in Roman work. See Com- 
posite, Corinthian. 

A Capriccio {Munc). At the caprice of the 
performer. 

Accelerando {Mui^ir). Gradually quickening the 
speed. 

Acceleration {Phys., Meek.) The increase of 
velocity per unit of time ; more exactly, the rate 
of increase of velocity. 
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Accent Stress, prominence. 

^ Accent ( Typog,') A mark placed over a letter 
either to qualify its sound or to denote abbreviation ; 
thus, 6 acute, ^ grave, 6 circumflex, e diseresis, c long, 
r* short. 

Acciaccatnra iMuaic). A crushed note. It is 
distinguished from the Appoggiatura by having a 
stroke through its tail, and is played as a very short 
note. 

Accidental Lights {Paint.) Rays of light which 
make some parts of the jucture more prominent 
than the rest. 

Accidentals {Mvsir). Signs used during a piece 
to temporarily filter the piKgi of a note. Sec SHARP, 
Flat, Natural. 

Accident Cranes (AVy.) See Crakes. 

Accipenser (Zonhhjy), A genus of the sturgeon 
tribe of Canuid fishes. A. stnrio. the common 
sturgeon, is a valuable food fish, and is also tlie 
source qjf Isikglass and CAVIARE (^.r.) 

Accole (Her.) is tlic term u.sed by the French 
heralds for “collared.” It also means two separate 
shields placed side by side — t.f/. the knight of an 
<ini«r on marriage. 

Accosted (Z/cr.) When charges are placed sule 
by side. 

Accrued (//<?/*.) Full grown^as of a tree. 

Accumulator (Aw/y.) A \essel used for storing 
water under pressure to be used for driving hydraulic 
machinery. Usually consists of a vortical cylind*.*- 
with a piston csqgying a hea\ 3 ' load on the top of the 
piston rod. 

, Electrical. An accumulator, or, as it is 

otherwise c-alled, a Storage Cell or Secondary 
(’ELL, is an arrangement by which electrical energy 
can be ^ored up. It consists of surfaces of lead which 
are coi||^ed with one of the lower oxides of lead (red 
lead or litharge). The leaden platc.s thus coated are 
placed in dilute .sulphuric acid, and are then charged 
by the passage of a strong current of electricity foj- 
some ooiisMerable time. C'henjical action of a kin<l 
deacribet^ below occurs, and, when this is ct»mplete. 
the cell is lully (‘barged. On disconnecting the wires 
by which it is charged, the cell will retain its energy 
for a considerable time ; and on connecting up to any 
elcctiical apparatus, it will furnish a current with a 
voltage of about 2*1 volts f or each cell, and this goes on 
until the cell is exhausted, the time taken depending 
upon the rate at wliich the current was taken from the 
cell. The cell can now be re-charged and the opera- 
te >n repeated a gieat number of times. — Chemical 
Action in the Cell *. The leaden plates appear first 
of all to become covered with a layer of lead sulphate, 
formed by the action of the sulphuric acid on the 
lead and lead oxide, with which they were originally 
coated. When the charging current is passed througii 
the cell, the dilute sulphuric acid is broken up into 
anions, consisting of SO^, and cations of H (nascent 
h> drogen). The hydrogen ion appears at the cathode 
or plate by which the current is leaving the cell ; it 
attacks the lead sulphate, and gradually reduces it 
to a layer of metallic lead, which is left in a finely 
divided and spongy condition. The 80^ ion travels | 
to the anode, wdiere its oxygen oxidises the lead 
compound to lead peroxide (PbO^). When all the 
lead sulphate which is available has been acted on 
in this manner, the hydrogen and oxygen are set 
free at the plates in the gaseous form, and babble 
up through the liquid, showing that the charging 


I process is now complete, and the current may bs^ out 
I off. When the cell is discharged it sends a current 
in the opposite direction to the one used for charging, 
and has a potential difference between the plates of 
about 2'1 volts at the start, and this gradually falls 
to about 1*8 volts by the time the cell is practically 
exhausted. Accumulators provide a chemical method 
of storing electrical energy, about 80 per cent, of the 
energy used in charging being recovered. The rate 
at which the energy is recovered depends entirely 
upon the amount of current taken from the cell, 
and the c^ipacity of a cell is usually' estimated in 
“ Amp:^re hours ” : thus, if we say that the capacity 
of a cell is 100 Ampere hours, we mean that it can 
supply 1 Ampere for lOO^hours, 2 Amperes for 60 
hours, 5 Amperes for 20 hours, and so on. One of 
the great objections to storage cells is the great 
weight, owing to the use of large masses of lead. 
The metallic lead in the cell only serves as a support 
for the lead compounds taking part in the reactions, 
and theoretically these leaden supports may be re- 
duced to comparatively small weight ; but in practice 
it is not safe to make the plates too slender in 
structure, as their suifaces are always attacked to 
s(mc extent by the actions which are going on, and 
they would easily fall to pieces unless made fairly 
substantial. The actual weight of a cell which is 
required to furnish a certain number of Ampdre hours 
depends upon the propoi*tion between the active 
material of the cell and the inactive material or 
metallic lead which is unchanged during the action 
o#the current. In the original cells used by Tlant^ 
the coating of oxides of lead was formed by immersing 
ordinary h'aden plates in a dilate acid, passing the 
current, then discharging, and repeating Uiis process 
a number of times. Cells made in this way are some- 
times termed “ Formed cells,” and their capacity may 
be put down as being from (1 to 9 Ampdre hours per 
pound weight. In the later forms of cell which were 
introduced by Fauro the active material consists of a 
paste of oxides of lead supported in frames or grids 
of lead. It is easily seen that in this case the amount 
of active material must be very much greater, and, 
as a matter of fact, the capacity of these “ Fasted 
cells,” as they arc called, is from 10 to 15 Ampere 
hours per pound weight of cell. — Manufacture op 
(^ELLS : It is impossible to describe in detail the great 
variety of processes used in the production of different 
cells, and one example only is given — that of a 
inodern form of "Chloride cell.” Lead chloride 
specially prepared is fused and cast into small 
tablets of the shape of a hexagon. These tablets are 
arranged on a frame, leaving regular spaces between 
them, being held in place on the frame by small pins 
which fit into holes cast in each tablet. The spaces 
betw'een the tablets are now filled up by pouring 
metallic lead In under g]‘eat pressfpre. On cooling, 
there is then produced a strong frame of lead carry- 
ing a great number of lead chloride tablets, so that 
the greater part of the surface of each plate will 
consist of the chloride. The lead chloride is theu 
reduced to metallic lead by the action of zinc in a 
solution of zinc chloride, and a final result is to 
produce a leaden plate consisting of a great number 
of small masses of very porous lead held in place by a 
kind of honeycomb of solid lead. The plates are then 
ready for their first oharging. — Edison's Storage 
Cell : Many inventors have encleavoured-to reduce the 
weight of acqumulatoTs, and Edison in some recent 
patents has made considerable progress in this direc- 
tion. As the result of a great num&r of experiments, 
he has abandoned the use of lead altogether. The 


AOI 


Acdh 


positive ^Ute oonsiefts'' of a light perforated ease of 
sheet tuick^l servii^ as the sopport, and containing, 
oxide of nickel as the active material. The negative 
plate also consists of a nickel case, but contains very 
finely divided iron, which has been leduoed from the 
■ sulphate or hydrate, ^le liqaid used in this case is 
a solution of an alkali ; for example, NaOH in water. 
This cell appears to have a very much greater capacity 
4n proportion to its weight than the ordinary pattern 
of storage cell ; but up to the present it has hardly 
passed beyond the experimental stage. — G. F. G. 

AcePFa {Arehipol,) Ilie shiall ‘box in nee at sacri-' 
fioes to hold incense, and from which the incense was 
poured on the burning sacrifice. > 

Acetabulum {Archtpol.y A vinegar cup. Applied 
to all small vases wide and open, whether made of 
earthenware or metal. Also used by jugglers. 

{Zoology), The socket in the hip girdle for 

the articulatioa of the femu^ or thigh bone. 

Acetalf CH,CH(0C^5)2. A compound formed by 
the union of 1 molecule of aldehyde with 2 mole- 
cnles "of alcohol. It is a pleasant-smelling liquid. 

Acetaldehyde, OH3CHO. Formed” by heilting a 
nnxture of calcium formate and acetate ; also hy 
oxidisikig alcohol with chromic acid. It is a liquid 
boUipg at 20° 0. it has a peculiar smell, its vapour 
producing, cramp of the respiratory muscles. It has 
the properties of an aldehyde (^.r.) " On polymerisa- 
tion it forms [a) paraldehyde (CHjOl'lOjg, a liquW 
which is a valuable sleep-producing agent ; (&) in tft 
cold, a solid metaldehyde (CHj,CHO)n. 

Acetamide, CH^CONHj. White crystals smelling 
strongly of mice, unless pure ; melts at S2*3° ; readily 
soluble in water and alcohol ; less soluble in ether. 
See ahr Ahiues. 

Aoetanilide. C^H5NHCOOHj(-4afi/c6rin)) A scaly 
crystalline solid formed by boiling atiiline and glacial 
acetic acid together. It is poisonous. Contained in 

Headache ” or “Daisy” powders. It relieves pain 
to some extent, but depresses the heart, and should 
not be taken unless under medical advice. 

Acetic Acid, CH3COOH. A liquid which solidifies 
at 16*7® 0. It is formed when weak alcohol, such as 
wine or malt liquor (beer), ferments under the influ- 
ence of the myooderma aceti (mother of vinegar) in 
presence of air. The dilute acetic^ acid so obtained 
is called wine vinegar or malt vinegar respectively, 
and contains 5 to 15 per cent, acetic acid. The 
strongest acid, called glacial acetic acid (97 per cent, 
and over), is obtained from the pyroligneous acid pro- 
duced in the destructive distillation "of wood; has a 
powerful smell, and blisters the skin. 

Acetic Anbydi^e, (CHj,C0)20. The anhydride of 
. acetic acid. It Ts obtained by the action of phos- 

horus oxychloride on sodium acetate. A liquid 

oiling at 187®. A veiy important reagent in organic 
chemistry; used to introduce acetyl groups into 
hydroxyl and amino compounds, and as a condensing 
agent. 

Acetic Ether. See Ethyl Acetate. 

Awtone^ CBfiOCB^ (DwietJtyl AWone). A liquid 
with cliaracteristic smell ; boils at 56® ; obtained by 
heating barium or calcium acetate, and on the large 
scale wood spirit ig,v.) It is used in making 
chloroform, iodoform, and sulphonal. The breath 
and urine of persons suffering from diabetes smell of 
acetone, and the latter occurs in considerable ampunt 
in diabetic urine. See Ketones. 


Acetonitrile. See Niteilks. 

Acetophenone, CBfiOCM^^Phenylmethyl Xetone; 
also called Myjmone), A fokr melting (20*6® 0.) solid 
with persistent smell p£ oil of bitter almcmds. In 
small doses it produces sleep. See Ketones. 

Acetyl Chloride, CH3COCI. This is the chloride 
of acetic acid, and is obtained by acting on the latter 
with phosphorus trichloride. It is a colourless, 
stnmgly fuming liquid of great value in organic 
ohemistry for ascertaining Ihe presence of hydroxyl 
and amino groups in compounds ;and in the prepara 
tion of ketones apd tertiary ah*ohols. 

Acetylene, A gas which hums in air with 

a very bright flainO ; heu^ its use a^an illnmin.a.nt. 
Only slightly poisonous. _ Air containing 2(>.per cent, 
of it proves fatal to dogs. It does twf combine with 
the hsemoglobin of the blood. 'Mixed with the proper 
pro2>orlioa of air (1 ; l2-6), it explodes with extreme 
violence on ignition ; ^so decomposed by shock, 
("oal gas contains *06 i)cr cent. It js formed by the 
action of water on' calcium carbide, when coal gas is 
incompletely burned, and wlien alcoholic ])C>tasb is 
heated with ethylene brotnkle. 

Achene {Botany). A one-seeded, dry, iudehiscent 
fruit, such as the ** seed ” of the sunflower. 

Achlamydeous {Botany). When both whorls of 
the perianth of a flower are absent. 

Achromatic Lens. A lens which is corrected so 
as to bring the coloured lays which are of the 
greatest importance to a common focus. These rays 
are not the same in photograjjhy as those which 
are used in telescopes or microscopes^ as the rays of 
greatest photographic importance are distinct from 
those which are most active in producing vision. 

Achromatism {ZigH). The property of trans- 
mitting a beam of light without splitting it up into 
any of its component colours. Produced in l^tses by 
a combination of two, or more, lenses of different 
kinds of gla'is, in most cjiscs by a convex lens of 
crown glass and a concave lens, of less power, of flint 
glass. 

Acicular {Botany), a term applied in the descrip- 
tion of a leaf wlien it is long and needle-like, as in 
the pine. 

Acid ( Chem.) An acid is a compound which, when 
in aqueous solution, contains hydrogen in the ionic 
condition. Popularly speaking, an acid is a sub- 
stance having a sour ta.ste, turning blue litmus red, 
forming with basic oxides a salt and water, and often 
having its hydrogen r(q»laced by direct action of 
certain metals, again forming a salt. When an acid 
forms only one salt witli a monovalent metal, it is 
called monobasic ; when only two salts, dibasic, etc. 

Acid Dyes {Chem.) Dyes which, in order to fix 
them ujjori a fabric, require to be combined with a 
substance of basic character. They are generally 
phenols (y.v.) or sulphonic acids {q.v.) See also 
Dyes and Dyeing. 

Acidimetry {Chem.) The determination of the 
amount of acid in any given substance by adding a 
solution of an alkali of known strength from a burette 
to a solution of the substance until the acid is just 
neutralised. The neutral point is ascertained by 
adding to the acid solution a drop or two of a suitable 
indicator. See Indicators. 

Acid Oxides {Chem.) See Oxides. 

Acid ProeesB {Metallurgy). The early form of the 
Bessemer process of steel making, in which the con- 
verter had a lining containing a high percentage of 
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silica. This siliciaus pr ** jicid ” lining fails tb^Tcmore 
pbosphoruB from the iron, and ^as been rei^Bced by 
the Basic Process.” , , ' ^ 

JLold Pnmp {ClteT/i,) A ptimp ^tb internal parts 
made of glass ^r earthenware, so as to be unaffected 
by acids. 

Acid Rocks (^Geol,)^ A teim referring to the 
chemical composition of cerrain rpeks of eruptive 
origin. These consist mostly of silicates of various 
bases, in which the proportion of silica, ^hich func- 
tions as the acid element, to thts base is subject to a 
wide range. Those cases in which the percentage 
of silica falls below 56 or GO are rcfejrred to as Basic ; 
those in which% is betwee^ 55 apd 65 arc spoken of 
as iNTEBHEDi ATB ; while the " rocks in which a 
higher silica percentage obtains are tiie Acid Bocks 
here specially referred' to. » 

Acierage {Ei}grav.') A process by which a very 
thin layer of steel -is deposited on the face of an 
engraved copperplate so that it may stand the wear 
and tesfV of printing; somewhat similar to electro- 
plating. 

Acinaces {Arelueol^ A Persian sword, short and 
straight like a dagger, generally worn against the 
right tliigh. 

Ackerman Axle (^Motor Cars). The original type 
of must forms of steering in cars. The mkin siiaft is 
rigidly fixed to the car, short -axles ai-e pivoted or 
hinged to the ends of this, and on tliese short axle.s 
the hubs nf the wheels run. Tlie hinges are ojierated 
by levers connected with the .•steering wln'el. The 
pivot or hinge ^ries in form, and is the .subject of 
\nrioiis patenis. 

Acketon, Aketon, Hacketon {Cost.) A quilted 
garment worn ovht the shirt to prevent armour 
from injuring the body. 

Acoidte {Botany). Aconituvi nopellos (order, 
IhuivmHlaccoi). 'i'he preijarations oC aconite are 
made trv>iii the dried root, the fresh leaves, and the 
young hitloi-es(‘ences. 

Aconitine, (OCH 3 ), , NO^ . COCK, . COCgHj. 

An alkalui<l obtained from aconite root (monk's hood 
or wolfs bane). It is a crystalline solid, intenseli 
lx>isonous. Externally it causes tingling numbness 
and .local anaesthesia ; internally, tingling numb- 
ness, vomiting. It dilates the pupils of the eye. 

Acratophoron {Arcfurol.) A lessel for holding 
pure wine, i.e. unmixed wdth water. 

Acre. See Weights and Measubes. 

CH CHCll 

^OtOln- ' 

CH N OH 

A white cry.slalline solid occurring in coal tar. 
Inhaled, it causes sneezing. Its solutions show a blue 
fluorescence, borne of its derivatives are important 
as dyes. 

Acrolein, CH.^ : CH . CHO. A colourless mobile 
liquid boiling at 52^ ; it has an extremely pungent 
smell. Its chemical bebavihur is that of ( 1 ) an un- 
saturaied compound (g.v.)t ( 2 ) an aldehyde (g.v.) 
It is formed when glycerine Is- heated with water, 
al^stracting reagents such as sulphuric acid or potas- 
sium acid sulphate. 

* Acromion (Zoology), A process at the end of tlie 
iddge on the outer surface of the scapula or shoulder 
blade. 
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Aofopi^ .(ArcAtteet,) ThS dtadgl of a 
Clty,*u8ually sitnate4 at the sammltf ah fhe bill ppbn 
which the city wha^ built. ' 

AcroirtoUnm (Areluetfl.) ‘*At the head of the 
prow there projected the stolos, and its extremity, 
which was frequently made in the shape of an anindd 
or ^eliqet, was called acrostolium. It is sometimes 
desighAted by the name cbeniscus** (g.v,). — SMITH. 

Acroierinm, pf, AcroteHa (Architect.} Small ' 
pedestals resting 'on the angles of . a pediment and 
intended to carry statues or other ornamenta 
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^Acrylic Acid, CH^ ; CH . COOH. A liquid boiling 
at li(r, and smelling like acetic acid ; formed by 
oxidation of acrolein with silver oxide and by 
abstracting water from hydracrylic acid. 

Actaeon* See Abtbmis. 

Actinolite (Min.) A variety of Amphibole (fi'.r.) 
occurring usually in fibrous and radiated crystal- 
line masses (Actinotos, radiated). Common in 
motamorphic rocks. A silicate of iron, calcium, 
and magnesium. Monosymmetrio. Composition ; 
3(Mg . Fe)0 . BiOjj . CaO . SiO^ 

Actinometer (Photo.) An instrument for 
measuring the photographic intensity of light, and 
hcuce the time of exposure. It usually depends on 
the observation of the time necessary to darken a 
sensitised strip, of paper. 

Actinomorphiq (Botany). The term used when 
a liewer is radially symmetrical — that is, when the 
dower can be divided into similar halves by two or 
more planes passing through an axis. 

Action at a Distance (Physics). Phenomena 
such as electric and magnetic attractions and repul- 
sions were supposed by the older physicists to be 
due to some obscure power of action at a distance. 
Such forces are now explained by the existence of 
stresses and strains in tne medium connecting the 
l>odies acted on. See LIKB 6 OF Force. 

ActlYe Current (Elect. Eng.) The component of 
an alternating current which is in phase vrith the 
impressed electro-motive force. If C is the full 
n mount of current and 0 is the angle of lag, then 
the active current is C Cos gt. 

Acnminate (Botany). The term applied to the 
apex of a leaf when it is drawn out to a ]t>oint. 

Acub (Areheeol.) A npedle or pin, generally 
made of metal^ 

Acute Accent (Typog.) A mark placed over a. 
letter, thus S : opposed to grave. 
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Acute Angle* One less than a right angle (00 
degi'ees). 

Adagio {Mudo), Slow, leisurely. 

Added Sixth The common chord on 

the bubdominant, with an interval of a sixth from the 
bass added : also called the third inversion of 
the Dominant 1 1th. ^ 

Addendum {Eng.') The point of a wheel tooth 
or part outside the pitcli circle {g v.) 

Addorsedy Adopsed {Her.') Back to back; the 
opposite of affronU. 

AdhesiYe Power {Eng.') The friction between 
the driving wheel of a locomotive and the rail wdiich 
prevents slipping. Varies from one- fifth to one- 
twelfth 'of the weight, according to the state of the 
rails, being least when the rails are moderately wet 
or “greasy.” • 

Adiabatic Change Any change in the 

pressure and volume of a gas during which no heat 
is allowed to enter or leave. 

Adiabatic Guptc ^Phys.) A curve showing the 
relation between the pressure and volume of a gas 
when no heat is allowed to enter or leave while tiie 
giis is compressed or expanded. (This relation is 
expressed algebraically by Uie equation rVY= 
constant, where 7 is the ratio of the specific heats at 
constant pressure and constant volume.) 

Adipose Tissue {Zoology). The term applied to 
the connective tissue, whose cells are distended % 
fat drops. Fatty tissue forms a thick layer beneath 
the skin of animals and also aronml the kidneys. 

Adit {Mining). A passage or “level” from the 
open air into a mine; if it runs to the vein, ii is 
termed a “ tunnel.” 

Adjustable Level. A level {g.v.) in which the 
tube containing the bubble can be moved through a 
small angle relatively to the “ stock ” or case, in 
order to get the axis of the tube accurately parallel 
to the sole or base of the instrument. Tlie levels on 
surveying instruments arc always made adjustable. 

AdUustcPS, Chain ( Cycles), bmall bolts with eyes 
through which the back axle pasve«», and by meun.s 
of which the latter can be moved in the slots of the 
fork ends. 

Adjusting Screw. A fine threaded screw for 
regulating the position of some part of a machine or 
piece of apparatus. 

Adjustment of Brushes {Elect.') See Brushes. 

Adjutage, Ajutage {Eng.) An outlet for the 
flow of a liquid from a vessel. 

Ad A^ibitum {Mvsic). ( 1 ) At the pleasure of the 
performer. (2) The part ad lib. may be omitted. 

Admission {Eng.) The moment at which steam 
enters a cyliider; also the whole period duriag 
which it is enUring. 

Admission Oornor (Eng.) The part of an 
indicator diagTiin {(/•v.) showing the entrance of the 
steam. Foj- a rapid entry of steam the corner 
should be sharp and square ; if too much rounded, 
it shows that steam enters too slowly, that is, the 
admission port is opened too late or is too small. 

Admission Line {Eng.) The side of the indicator 
diagram showing the conditions while steam is 
entering. It should be nearly upright. See INDI- 
CATOR Diagram. 

Admission Port {Eng.) The passage by which 
steam enters the cylinder of an engine. 


Admission Valve {Motoi* Cars). See PETRon 
Engine. 

Adrenal Body {Zoology). The adrenal or supra- 
renal body is a small organ found in relation to 
the kidney. An extract is used in medicine. 

Adriatic* See Bucentaur. 

Adularia {Min.) A colourless sub-transparent 
variety of orthoclase, one of the felspars {g.v.) A 
sub-variety is Moonstone, so called from its pale 
moonlight-like lustre. 

Adulteration of Food. This important matter is 
regulated by various legislative enactments in force 
throughout the country^ These are? Sale of Food 
and Drugs Act, 1875 ; Sale of Food, etc.. Amendment 
Act, ls7i); Margarine Act, 1887; Sale of Food and 
Drugs Amendment Act, 1899. In order to see that 
these Acts arc not contravened, samples are taken 
and analy>es made by tlie local authorities. I’he 
experience is that nearly all our f(K>dsaro a/lulterated, 
generally by the admixture of foreign ingfedieuts. 
Milk is the food that is chieily adulterated. Being 
of tlie highest dietetic value, and constituting, as 
it di»es, the principal food of children up to .some 
eighteen months of age, it is extieniely important • 
that no contamination slionld take place. 

Advancing Ignition {Motor Cars'). ( ausing the 
spark to ignite tlie charge sooner. Tliis is effected by 
turning the contact breaker on the secondary shaft 
{q.r. \ so that it comes sooner into contnet with the 
Ignition cam (y.r.) By turning the contact breaker 
in the opposite direction, the spaik (and tlierefore 
the ignition) is rcturdcl. •- 

Adventitious {Botany). The term used w»hen an 
organ is devedoped out of its proper order, as in 
imds where developed without relation to leaves, or 
in roots wliere they arise on stt'ins, leaves, etc. 

Adze {Carp.) A tool of the nature of an axe, but 
witn the plane of the blade at right angles to the 
axis of the handle. Used for cutting broad surfaces 
(»t wrood, and formerly a common tool in shipyards. 

Adze Block {Carp.) 1'iic part of a wood-planing 
iiiaohinc which carries the cutters. ^ 

JEgipan* Beast*? fashioned partly like men, but 
having tiie horns and feet of a goat: satyrs. 

JEgiS (literally, Goat skin). The shield carried by 
Ju]}iierand Minerva, made of the skin of the goat 
Ataaltheia, with a gorgon's head in the centre. Also * 
a breastplate worn by lioman emperors. 

^olian Rocks {Oeol.) The majority of the deri- 
vative rocks composing the stratified formations have 
been formed afld deposited by the direct and exclusive 
agency of water; but in regions where an arid 
climate prevails the agency of the wind comes largely 
into play, both in giving form to the constituents of 
rocks and in their final distribution afterwards. 
Many sandstones belonging to the New lied, and 
some belonging to the Old lied, are of .^olian origin. 

Aerial Rocks A term applied to certain 

rocks which have been formed on the surface of the 
land, and not beneath water, or in connection with 
ii;e. It is usually npplied to such rocks as peat, 
blown sand, clay with flints, screes, rain wash, dust 
deposits, and the like ; but it is not generally used in 
referring to the products of volcanic action. 

Aerobic {Botany). The term used for those bacteria 
which live only in the presence of oxygen. “ • 

^BOulapiuB. God of medicine. He is represented 
with a staff and a serpent. 
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Aihetloi {Art). Perception or appreciation of 
the beautiful. 

AtiTation {Batamf), )The term applied to the 
arrangement of the parts of a flower bud before the 
flower opens. 

AfTetaoso {Mutie). With feeling. 

Affinity {Chem,^ Is the name given to the un- 
known cause which determines the occurrence of a 
chemical change. While the nature of affinity is 
unknown, something is known of the conditions 
affecting its action — such are temperature, pressure, 
light, etc. ; and something is known of the laws of 
its action — suc^ as the law of mass action ($.v.) 

Affront^) Affronted (Ile^ Of two animals when 
facing each other; of one animal when it is full 
faced. 

After Blow (Met.) The forcing of air into a 
Bessemer converter after the carbon has l)een re- 
moved, in order to oxitiise the phosphorus. In the 
acid process (g.v.) the after blowing was apt to injure 
the iron by setting u]) oxidation. In the basic process 
there is less risk of this. 

After Burning (Gas JCnginrs). The continued 
* combustion of ttie charge after the explosion has 
occurred. 

After Damp (Mming). The name given by miners 
to the gases produced by an explosion in a coal mine. 
Among them are carbon dioxide, which is not very 
poisonous, but would cause death from asphyxia 
when present to the extent of al)ont 10 per cent, by 
volume; and c^bon monoxide, which is intensely 
poisonous. 

After Flush (Plwnihmg). The after flush performs 
an important function in “sealing” up the trap of 
the water closet after the contents of the basin havh 
been discliarged intx) the soil pipe. Tf this was not 
done, foul air would gain ac'cess to the water closet 
apartment, and be then ventilated into other parts of 
the house. 

Agar-Agar. A nutritive jel ly u.sed in bacteriological 
work, <lerived from various Jicrl Sea weeds (IlkotJo- 
j}hyce(c).^ GTaeilaria Uchc7toi(/cs yields the Ceylon 
agar, while Euchmma sjnnosum is the source of the 
Java agar. 

Agate (Min.) Chalcedony having a well banded 
appearance ; now more often confined to clialceflony 
deposited in the vapour cavities of lavas. Mosa Agate 
contain.s fine dendrites of oxide of iron. Vein Agate 
and Kibbon Jasper are usually forms of chalcedony 
deposited in veins. Agates are much used as 
ornamental stones. See also ruECious Stones. 

Ageing of Transformer Gores (Elect. Eng.) The 
deterioration of cores by use. The magnetic pro- 
perties of the iron gradually decay, and the loss of 
energy by hysteresis (q.r.) becomes greater. 

Agglomerate {Geol.) It was formerly the custom 
to name all the Coarser materials arising from the 
explosive eruptions of volcanoes AgglomeuATE, 
wliether they bad fallen back within the volcanic 
vent or outside of it. Latterly it has been deemed' 
advisable to employ the term Tuff for the latter, 
irrespective of the size of the fragments, and to use 
the word Agglomerate for the fragmentary material, 
whether coarse or fine, that fills the volcanic vent or 
Neck. 

Aggregate (Building). Ballast, broken bricks, 
etc., that are mixed with lime or cement to form 
concrete. 


Agitato (MuHe). Agitated. 

Agitator (Met.) A stirrer used to mix the eon* 
tents of the Bessemer converter after pouring out. 
Also applied to stirrers in various cbemi<^ manufac- 
turing processes. 

(Paper Manufac.) A paddle need for mixing 

the paper pulp in the stuff chest. 

Agonic Line (Magnetism). A line drawn on a 
map connecting places at which there is no magnetic 
declination — i.e. where the compass needle points 
due north. 

Agora. The public square and place of assen^^ 
in ancient Greek towns, corresponding ^ with the , 
“Forum” of the Bomans. 

Aich Metal (^edge’s Metal). An alloy resembling 
brass : copper, 60 ; zinc, 38*2 ; iron, 1*8. 

Aiglets, Aglet (Cost.) A tag of metal (termed *a 
point) used on fastenings of costume or armour. 

Aigrette (Cost.) Galled after the beautiful ctest 
of feathers on the egret at the nesting season. 
Applied to a spray of feathers worn in a head- 
dress, or a tuft in a helmet, or a spray of gems as 
worn by Eastern princes. 

Ailette (Armour). A wing-like projection from the 
shoulder, made of leather, but sometimes of steel. 
On it was emblazoned a charge from the coat of 
arms of the wearer. 

^Ailsenite (Min.)\ A rare snlpho-bismuthinite of 
lead and copper, SCi’bCUg)^ . B^S^. Occurs in blade- 
like crystals in a quartz matrix with native gold and 
some nickel ores in Siberia. 

Air. Ses Atmosphere. 

Air Belt (Met.) A channel runni^ round a 
cupola furnace (^.i?.), from which the air enters the 
furnace by a number of openings, thus obtaining a 
more uniform distribution of the blast than is possible 
from two or three tuyers or nozzles. 

Air Blast (Elect. Eng.') Used (1) for cleaning 
parts of dynamos from duet; (2) for blowing out 
tlic spark at a commutator. 

Air Brake (Eng.) A bmke in which the blools are 
moved by pistons actuated by air pressure. 

Air Brick (Buildings). A brick perforated with 
boles for ventilation. 

Air Casing (Eng.) A space surrounding a flue, 
boiler, etc., intended to prevent the undue trans- 
mission of beat to surrounding objects. 

Air Channels (Met.) Spaces beneath the hearths 
of various furnaces, serving the same purpose as an 
air casing (q^v.) 

Air Compressor (Eng.) A pump for driving air 
under pressuic into a reservoir for use in ventilation 
or to supply motive power. 

Air Cooling (Eng.) Term applied to petrol inotor 
engines in which the waste heat from the cylinder 
is dissipated into the air by means of flanges and 
corrngatioDS on the cylinder itself. Only small 
engines are air cooled ; larger ones are water cooled 
(q.v.) 

Air Crucible Furnace (Met.) See Brass 
Furnace. 

Air Cushion (Eng.) In high-speed engines, when 
made single acting, the piston compresses a quantity 
of air which is enclosed in the opposite end of the 
cylinder; this prevents the stresses in the recipro- 
cating parts from being reversed, and therefore keeps 
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the reciprocating parts from the shbcks which re- 
vetsals of stiess would cause. In the Willans engineS) 
much used "for electric lighting work, the piston rod 
and its adjuncts are kept in compression ; in Mather 
A Platt’s high-speed electric lighting engines the 
rods are in tension during both strokes. 

Air Cylinder {PlnmbiTig), An air chamber in a 
valve Closet to regulate the flush. 

Air Engine engine in which the piston 

is moved by air heated in a large- vessel (partly 
corresponding to the boiler of a steam engine). Air 
enmnes are practically obsolete even for the smallest 
powers. 

Air Feed Pnmpe {Motor Cars'). Small pnmps for 
keeping up the air pressure in the fuel tanks of 
steam cars ; this air pressure is needed to drive the 
oil fuel to the burner. 

Air Fine {Building), A flue formed in a chimney 
stack for extracting the foul air from a room. iSee 
aho Abnott’s Valve. 


Air Gap {Meat, I*)ng,) The narrow spac;e between 
the pole pieces and the iron of the armature, or any 
gap (containing no iron) in a magnetic circuit. 

Air Gate {foundry), A vertical hole in a mould 
allowing the free escape of air while the molten 
metal is being poured in. 

Air Hole {Bug., etc.) A small opening to allow 
the escape of air, where necessary, from some internal 
part of a machine or apparatus. 

Air Lock {Civil Biig.) A chamber with doors at 
each end, one opening to the air, the other into a 
tunnel or other space filled with compressed air. 
Admission to the tunnel is gained through the air 
lock without the loss of pressure in the contained 
air which would occur if the tunnel were put into 
direct commnnication with the atmosphere. 

Air Manometer {PhyHcs). An instrument for 
measuring fluid pressure by means of the compres- 
sion of air enclosed in a tube sealed at one end. 
The pressure is usually transmit red to the air by a 
colnmn of mercury which fills the Jow'er part of the 
tube, the other end of the column being exposed to 
the pressure to be measured. 

Air Pumpa. An air pamp is an apparatus for 
** exlianstlng ” or pumping out the air from any 
vessel, thereby producing what is called a “ vacuum.” 
No air pump really produces a vacuum in the strict, 
sense of the word, inasmuch as there is always a 
certain quantity of air or other gas left in the s]^ce. 
The amount of this gas is best estimated by means 
of the pressure which it exerts on the walls of the 
vessel, the pressure being measured, as usual, in 
millizDetres of mercury. A vacuum is required not 
only in « great numlter of 
chemical and physical experi- 
ments, bat in various pieces of 
apparatus for the artificial pro- 
duction of cold, in tabes for 
Bbntgen ray and other electrical 
work, and in the bulbs of incan- 
descent lamps. Air pnmps may 
be divided into two classes : 

Mechanical Aib Ptthps and 
Mbbcuby Aib Pumps. Tbe 
simplest form of mechanical 
pump is shown in fig. 1. A is a 
metiu cylinder of smooth and 
imiform bore, In which a piston (B) is moved up 
and down by the piston rod C. B mqst fit the cylinder. 
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or barrel,” as it is termed^ as closely as possible, 
in order to be air tight. The tnbe D communicates 
with the vessel to be exhausted, and is dosed at 
the top by a valve (E), consisting of a flap of oiled silk 
opening inward — i.e. towards tlie interior of the 
barrel. On raising the piston, air is drawn through 
the valve B into the barrel; when the piston is 
depressed, this air is forced out throngh tbe 
valve F in the piston, which is a similar valve 
to the one at B. The air which had been drawn 
into the barrel is thus expelled, and on raising the 
piston again, the valve F closes, and a further sui^ply 
of air is drawn in through the tube D. This process 
goes on until a sufficient vacuum ie obtained ; but 
it cannot be carried faEyoiid a certain degree of 
exhaustion, as the valves, being opened by the 
pressure of the air, will not work after the latter 
has fallen below a certain amount. Various attempts 
have been made to get over this difficulty with the 
valves by means of mechanical contrivances; but 
although it is possible to effect certain imprqyemehts 
by such means, no very high degree of efficiency has 
•been reached. A great improvement in mechanu:al 
pumps has been made of recent ye.n'r8 in what is 
called the Fleuss 1’ump. Fig. 2 shows the action 
of this pump in a dia- 
grammatic manner. 

The barrel A has no 
valve at tbe foot, 
tubes B and F both 
opening into a tube 
(D) communicating 
with the vessel to be 
exhausted. The pis- 
ton B is solid, and of 
such a thickness that 
when pushed nearly 
to the bottom of the 
cylinder, the pipe p 
is above its upper surface. The piston rod o passes 
through a cover (a), in which is a valve (h). This 
^alve may be a comparatively heavy one, as it is not 
closed and opened by the pressure of the air. A layer 
of oil covers the lop of the piston and the bottom* of 
the bajTcl to the depth shown in the figure. (5n raising 
the piston, any air above it is driven out through H, 
and as the piston is raised, the oil above it gradually 
rises through the valve, completely expelling the air ; 
when the piston falls again, the valve closes by its 
own weighs and a layer of oil which remains alx)ve 
the cover G effectually cuts off communication be- 
tween the barrel and the outside air. When the 
piston again falls below F, air rushes through D, from 
the vessel which is being exhausted, into the 
barrel A, and is again expelled by the rising 
or up stroke. In this pump there is no valve whose 
opening depends upon tbe pressure of the inside air, 
and there is no space at the bottom of the barrel 
when the piston has completed its downstroke, so 
that the whole of the contained air is expelled. The 
efficiency of this pump is very great, and it is much 
used for the production of incandescent lamps ; and, 
indeed, gives a sufficiently good vacuum for a great 
deal of vacuum tube work in electricity. Tbe degree 
of exhaustion which is reached after a good number 
of strokes of a mechanical pump is given in the 
following calculation: 

Let V ss original pressure of the air. 

V ** volume of receiver and connecting pipes. 

V » volume of the cylinder of the pump. 

Then, in the first stroke, air which occupied a 

space Kis caused to exx>and until it oceupies a 
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space V + p. llnea by Boyle^s Law (q.v.) we get 
jpF rmjf ] (V e), where is the pressure after 
the first stroke is complete. 

V 

“i' TTi 

In the second stroke the air again expands ft^om 
r to r +’ Vf and its pressure falls from jfi to 
where p^ is the pressure after the second stroke 
is complete. 

V { V V 


After the third stroke is complete we get a pres* 



After the stroke, \ 



From ^is formula the pres- 
sure after any given number 
of strokes may he calculated. 
— MEiiCUEV Pumps: These 
depend in all < ases on the 
production of the vacuum 
at the top of a barometer 
tube(«/»e} liAROMETERS); but 
the nianacr in which this 
vacuum is utilised varies con- 
siderably in different forms 
of mercury pumps. Two of 
the main fur^s only will 
be described. Tlje first of 
these is the Sphengel I^mp 
(fig. ;-5). Mercury is poured 
into a large funmd (A), and 
flows through the tubes ab 
and fic into the ‘’pump 
head” D, from which it fells 
down the “fall tube” DB, 
whose leijigth is greater than 
the height of tlie barometer. 
The vessel to be exhausted 
commiifiicaies by means of 
the tube P with the tube 
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bent at c. The mercury at first flows through T)B iu 
a nearly unbroken stream, but very rapidly breaks 
up into short threads of mercury^ with air between 
them, fiach thread acting as a kind of piston, ex- 
pelling the air through the bottom of the tube DE, 
which dips into a suitable vessel where the mercury 
is collected. The action of this pump goes on con- 
tinuously until the mercury in the funnel A has all 
flow'ed out. Wlien thisds the case, the action of the 
pump stops; but air cannot get into the tube P because 
a column of mercury rises in the tubes bc and ED, and 
as these are both longer than the barometer tube, the 
mercury in them cannot, roach the top, and air can- 
not t.^erefore get in. The Bprengel Pump will give 
a remarkably high vacuum, and its action, although 
somewhat slow, has the advantage of being very- 
continuous. The second form is the TOpleu Pump 
(fig. 4). In this pump a globe of fairly large 
capacity (A) communicates with the vessel to be 
exliausted by means of a tube (ep). b is a flexible 
tube longer than the barometer, at the end of which 
is a large mercury funnel (c). The latter is filled 
with mercury when in the position shown ; it is then 
raised, and the fiiercury rises in the flexible tube B, 
flowing past a tube (B), and thereby cutting off com- 
munication between ▲ and the vessel jvhich is being 


exltausted ; and as o is further raised, the air is 
driven out of a through a tube,(D), until at ^e 
end of the stroke a small quantity of«meroui^ is 
also forced out of the top of A, and falls through 3> 
into a vessel placed to 
receive it. On lowering 
G, a vacuum is produced 
in A, and mercury rises 
in D. As the mereuxy 
falls below the level of 
the tube E, ail rushes in 
from the vessel to be ex- 
hausted, and ‘fills the 
globti A; this is again 
expeDed at the next 
stroke. This process goes 
on until the height of 
the mercury column in D 
is practii^ally equnl to 
the height of the baix>* 
meter, thereby showing 
that A and the vessel 
communicating with it 
are completely exhausted 
of air. In a good mer- 
curial pump the j)re8Bure 
can be reduced to ‘(X)CXd2 
of a millimetre of mer- 
cury, and in this case 
the height of a column, 
such as the one in the 
tube D, will bc indistin- 
guishable from the height of the barometer. The 
actual pressure of the contained gas must then 
be ascertained by some other means, such as a special 
form of pressure gauge known as the Macleod Gauge ; 
or, if the vessel should be a vacuum tube, such as 
is used for electrical experiments, an electrical dis- 
charge passed through it will give a very good 
Imlication of the extent of the vacuum, as the 
electrical phenomena assume flifferent ay>pcarance8, 
corresponding in a well-marked manner to different 
degrees of exhaustion. — F. G. F. 

— - (,Eng.) In engineering, a pump for re- 
moving the condensed steam, cither alone or along 
with the water used to condense it, from the interior 
of the condenser into the air. 'This water cannot 
flow away by a simple opening, as there must be 
a partial vacuum continually maintained in the 
condenser, which any opening would destroy. 

Air RecelYer {Eng,') A vessel of considerable 
capjujity sometimes placed between the blower and 
the furnace to render the pres.sure of the air more 
uniform. 

Air Regenerator {Eng.) See Regen ebatob. 

Air Spaces {Eng.) ^e gaps between the fire 
bars of a boiler, ‘ 

Air Thermometer {Heat). An instrument for 
measuring a very wide mnge of temperatures by 
observing the change in pressure of a constant 
volume, or less frequently the change in volume 
at a constant pressure, of air enclosed in a soitable 
receptacle. 

Air VeBsel {Eng.) A vessel partly full of air, 
partly of a liquid, whose fiov is rendered moie 
uniform by the air above it acting as an elastic 
cushion, which neutralises the sho<3:s of the pump 
and keeps the liquid flowing on between the strokes. 

Aisle {Architect,') A lateral division of a church, 
separated from the nave or choir by columns or 
pillars. See Nave an4 Choib. 
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Jiabastep (^relhotol.) A small box or vase, 
originally made of alabaster, used for holding 
perfumes. There are specimens of great antiquity. 

A white granular variety of gypsum 

(f.v .) ; a hydrous sulphate of caldam, much used in 
the manufacture of plaster of Paris. This variety 
is chiefly found in England in the New Red Marls. 
Composition: CaSO^.^HfO. Also known as gypseous, 
or white, alabaster. 

9 Oriental (ilfia.) A stalagmitic variety of 

oaldte; of w*hite or brownish concentric laminae. 
Used as an ornamental stone under the name Algerian 
onyx. 

Alanine* CH3CH . NH2 . OOOH. a- amidopropionic 
acid. A decomposition product of albumin. 

Alb(6h«f.) A close-fitting ecclesiastical vestment, 
originally of fine linen, with apparels on the skirt 
before and behind, also on the cuffs. 

Albertotype, Albert type, from name of inventor. 
A photographic plate so prepared that it can be 
printed from like a lithographic stone. 

Albian Series (Oeol.) A term often applied to 
the (iault, which English geologists regaid as the 
lowest member in Britain of the Upper t!retaceou.s 
rock. The typical locality is near Folkestone ; and 
the British rocks of this age mostly consist of clays 
of marine origin, ranging from 150 ft. to nearly double 
that thickness. These beds were formed in rather 
deep water. They aff<jrd remarkable illustrations of 
fossil iferous zones, in which the “ zones are mostly 
chanMsterised by distinct species of organism, mostly 
Ammonites. 

Albite (Min.) One of the rock-forming alkali 
silicat es. ccinstituting a soda felspar. Its composition, 
when it is quite pure, is Na^O = 11*8, Alj,Oj ~ 10-5, 
SiOg *= 68 ■ 7. Its crystalline system is anorthic. It is 
not uncommon as a constituent of the crystalline 
schists and gneisses. It sometimes occurs as a con- 
stituent within the body of granites and the rock 
allied to them ; but more commonly it has been 
developed within drusy cavities in these rocks during 
the later stages of consolidation. 

Albumen. Egg albumen, the white of the egg of 
the fowl {^Qalhut banckivia)., is used in pharmacy 
and in photography. In the latter case it serves as 
the support or vehicle for the sensitive salts in 
printing papers of the older types. 

(Botany). The tissue containing reserve 

food substances present in many seeds, and surround- 
ing the embryo. It is also called endosperm — a 
meferable term, on account of the use of ** albumen ” 
for a definite chemical compound. 

Albumin. A general term applied to those com- 
pounds containing carbon, hydrogen, nitrogen, oxygen, 
and sulphur, which form the most important con- 
stituents of living animals and plants, and give 
certain general reactions. They belong to the class 
of colloidal substances. They are coagulated on 
heating : precipitated from their solutions by alcohol 
and by certain salts, such as magnesium sulphate and 
ammonium sulphate : are generally amorphous solids, 
but some have been obtained crystallised — e.g. serum 
albumin : soluble in water, dilute acids, and alkalis : 
of unknown constitution. Hofmeister gives the 
formula O^^H^Nh^S^Oi^q, correBpon<iing to a mole- 
cular weiglit of 10166. Some of the general 
reactions referred to above are; (1) precipitation by 
the strong mineral acids ; (2) precipitation by the 
alkaloid reagents ; (3) the Biuret reaction (q.v .) ; (4) 
the xanthoproteic reaction (jqjo.) ; ( 5 ) Millon’s reagent 


(q.v.) Some of the decomposition products of 
albumins are glycocoll, leucine, aspartic acid, lysine, 
argenine, tyrosin, indole, skatole, and ptomaines 
(q.v.) For the classification of the albumins, consult 
a book on practical physiology. Ordinary white of 
egg is a typical albumin, and the name albumen is 
generally used for it. — W. H. H. 

Albuminoids. These belong to the class of 
proximate principles which comprise the protv id 
group. They are derived from animals, are soluble 
in water, and contain the elements nitogren, carbon, 
oxygen, hydrogen, and sometimes sulphur. The 
albuminoids are of less nutritious value than the 
true proteids. At the same time, wlion mixed with 
proteids, they are of soiip value. In the group are 
gelatin, keratin, chondrin, and ossein. 

Alburnum (Botany). The outer part (sapwood) 
of the wood of an old tree. It retains the power of 
carrying up the soil water absorbed by the roots. 

Alcarraza (Pot.) An unglazed porous vessel for 
cooling water by evaporatioii, used largely iff Bpain, 
Eirypt, and some parts of Asia. 

Alcazar (Architect.) The Spanish name for a 
castle or palace. 

Alcohol. This is a general teim applied to any 
compound form(‘d from a hydrocarbon by replacing 
one or more hydrogen atoms by the same number of 
hydroxyl (OH) groups, the hydrogen atoms replaced 
being attached to flifferent carbon atoms. When 
only one hydrogen is replaced, we have a Mono- 
HYDRic Alcohol ; when two arc replaced, a 
Dihydric Alcohol, and so on. ^fhere are three 
classes of alcohols: (1 ) Primaky, which have the 
formula R — CIUOH, where II is a hydrogen atom 
or an alkyl radical (q.v ) ; (2) Seconuaby, having the 

formula OH OH, whore R and IP are both alkyl 

radicals and which may be the same or differeht ; (3) 

R 


Teetiabt, having the formula R' — COH, where 


R,R',R", are alkyl radicals which may be the^ame or 
different. 


EjcamjtlLH : 

CH3 

I 

CHpH 

Monohyilri^; alcohol 
from etbane 

CH, 

(IhjOH 

Primary. 


CH.pU 

(lin.oH 


CH,OH 

dnoH 

(!h,oh 


Dihydric alcohol 
from ethane. 


CH, 


Trihydric alcohol 
from propane, 

CH, 


CHOH CHs-C.OH 

I ! 

CH, 

Secondary. Tertiary. 


Ordinary alcohol is Ethyl Alcohol, CHg.CH^OH ; it 
is produced by the fermentation of sugar. On the 
large scale it is obtained by allowing malt, which 
contains the enzyme diastase, to act in presence of 
warm water on barley and wheat. The diastase 
converts the starch of the grain into a sugar called 
maltose (q.v.) Yeast is added to the liquid, when 
the maltose is fermented, and yields alcohol. The 
WoBT, as the product is called, is then submitted 
to steam distillation, when Rbotified Spibit is 
obtained, which is a mixture of alcohol and water, 
containing 84 per cent, by weight, of alcohol. To 
obtain Ar^lvte Alcohol the rectified spirit is 
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allowed to stand over lumps of quicklime, and then 
distilled again. By repeating the process it can 
be obtained free from water. Alcohol is a faint, 
pleasant-smelling liquid, boiling at 7if 0. It mixes 
with water in all proportions. On oxidation it yields 
first aldehyde then acetic acid. Alcohol 

enters into the composition of spirits, wines, and 
beers. Brandy, whisky, and rum contain about 50 
per cent., gin 40, port wine 20, sherry Ifi, claret 7, and 
beer 5 per cent., by weight, of alcohol in every case. 
See also Ethylates, Ethyl Chlobide.— W. H. H. 

Alcohol Fuel {Moior Cars). Alcohol, being volatile, 
readily forms a vapour, which, when mixed with air, 
is highly explosive. In France and Germany cheap 
alcohol, made from potaMs or beetroot, is utilised 
to a considerable extent In place of petrol. 

Alcoholimetry {Glu-m.) The method of esti- 
mating the amount of alcohol in a liquor. If the 
liqnor is a mixture of alcohol and water only, this 
may be done by taking the specific gravity and 
looking out the result in a table, or % use of a 
Sikes* hydrometer, which is an instrument specially 
deviled for the purpose. In the case of beer, wine, 
etc., a suitable fraction is distilled, so as to <jl>tain a 
mixture of alcohol and water only, and the amount 
of alcohol is estimated in the distilled part. 

Alcove (liuUtling). A vaulted recess : a niche. 

Aldehyde* This is a general term applied to 
coiiip( Minds containing the group U — OllO, where 
11 may be hydrogen or an alkyl radical (v-f.), but is 
frequently used to denote acetaldehyde iq.v,) Alde- 
hydes are generally liquids : easily oxidised to acids : 
readily polymerising {q.v.) : combining directly wi^-h 
ammonia, prussic acid, and so<iium liyclrogen sulphite: 
with phosphorus penta<*hh»ride the ox>gen is re- 
placed by two chlorine atoms. They undergo con- 
densat ion (jj.v.) S(^e also Oxi M KS a/nd llYDRAZONES. 

Ald^r, Common. See Woods. 

Aldol, (ni3.CI10UCn,CH0. a liquid formed by 
the comlcnsation of .'ildehyde. 

Alen^on Lace. This lace is manufactured by a 
procea.s very similar to Brussels lace (f/.r.) It is 
made ii^ France, and, though ver^^ beautiful, is not 
equal to Brussels lace. In the modern Alen^oii, 
machine-made net is generally used. 

Aleurone {liotany). The proteitl (nitrogenous) 
grains found a.s a reserve material in cell>, par- 
ticularly those of many seeds. They are often of 
large size and complex chanictei*. 

A1 Pine ( ^f}me). I’o the end. 

Algerian Onyx {Min,) See Alabasteb, Oriental. 

Alhambra ( Weaving). A coarse counterpane or 
figured bed quilt with coloured threads. wrought by the 
Jacquard machine in large and ornamental designs. 

Alignment {Eng.y etc.) The correct placing in 
line of ttie parts of a machine or apparatus — e.g. the 
mandrel an<l loose centre of a lathe, or the front and 
back wheels of a bicycle. 

Alinement, Alignment (ArcJtipol.) Arrangement 
in lines. Stone avenues formed of menhirs or blocks 
of stone. 


Aliphatic Compounds {Chem.) The compounds 
derived from the saturated and uusaturated open 
chain hydrocarbons. 

CH no OOH 


AUxarin, 


HC /\/\/\ COH 


HC 


I I I I 


CH 


Orange-red needles which melt at 290° It is feund 
in combination as the glucoside ruberythric acid in 
madder root, from which it was formerly obtained. 
Now it is made from anthracene {q.v.\ which, with 
fuming sulphuric acid, gives anthraquinone mono- 
sulphonic acid, and the latter on fusion with caustic 
soda and a little potassium chlorate gives sodium 
alizarin; addition of acid yields alizarin. It is a 
most important dye ; with alumina as mordant, it 
gives Turkey Bed. Many of its derivatives are also 
dyes — e.g.AlHarin which is used as a substitute 

for indigo, and is very stable. See also Dyeb and 
Dyeing. 

Alkali. An alkali is a substance which yields, on 
solution in water, hydroxyl ions. Compounds such 
as caustic soda (NaOH), caustic potash (KOH), 
solution of ammonia (NHpIl), slaked lime 
(Ca(OH).^) can all evidently yield hydroxyl (OH) 
ions. Oxides, like quicklime, first form the hydroxide, 
e.g. Ca(OH) 2 , and so on solution yield hydroxyl ions. 
In the case of salts of a weak acid, such as carbonic 
acid, which yields the alkali sodium carbonate, we 
have, on solution in water, the following change: 
NaXOg + H.p NallCOg + NaOH, and in this 
case we again have hydroxyl iuus. Alkalis liave a 
caustic taste, turn red litmus blue, and neutralise 
acids, forming a salt and water. The alkalis 
ammonia, caustic soda and caustic potash, sodium 
and potassium carbonates, and quicklime (CaO) are 
jiH'pared on an enoimous scale. For the prepara- 
tifin of the first of these see Ammonia*, it was 
formerly, and is still sometimes, called the Volatile 
Alkali, because it is readily volatilised on heating. 
Caustic soda and potash are often called the Caustic 
Alkalis, and their carbonates the Mild Alkalis ; 
these are all called fixed alkalis^ because they are not 
readily volatilised on heating. Sodium Carbonate, 
NapOg, is prepared in two ways : (1) by the 

Leblano Process ; (2) by the Ammonia Soda or Sol- 
way Process.— The Leblanc Process: Common salt 
is hea^^ed with oil of vitriol in iron i)ans; sodium 
hydrogen sulphate and hydrochloric acid gas are 
produced ; the ac*id sulphate and the unchanged 
salt are heated in a reverberatory furnace, and gi\e 
sodium sulphate and more hydrochloric acid gas. 
This is called the Salt Cake Process. The hydro- 
( liloric acid gas is passed into water, and the solution 
is commercial hydrochloric acid. The salt cake is 
now mixed with powdered coal and limestone 
(CaCOg). The coal (C) retluces the sulphate to 
sulphide, and the latter, with the calcium carbonate, 
forms sodium carbonate and calcium sulphide. This 
product is called Black Ash from its colour. The 
black ash is now placed in tanks, and treated with 
warm water, which dissolves the sodium carbonate 
and leaves tlie calcium sulphide. This solution is 
t ailed Tank Ijquor, and the solid, Alkali Waste. 
Part of the tank liqnor is used in making caustic 
soda {see below), while the alkali waste is used in 
the manufacture of sodium thiosulphate {q.v.) and 
treated for the recovery of the sulphur {see CHANCE’S 
Process). For sodium carbonate the tank liquor is 
treated with carbon dioxide, obtained by heating 
limestone, and the liquid is crystallised, giving soda 
crystals (Na^COglOHgO) ; on heating, these crysbils 
lose their water andf form Soda Ash — commercial 
sodium carbonate.— The Ammonia Soda Process: 
Strong salt solution is saturated with ammonia gas, 
the liquid being cooled the while. The cooled 
solution is forced by compressed carbon dioxide 
into high towers, where it meets an ascending 
current of carbon dioxide, which is forced into the 



bottom q£ the tower under preesore, the outside of 
the tower being cooled by a stream of cold water, 
podium bicarbonate separates as a solid, and 
ammonium chloride remains in solution. The 
bicai'bonate is filtered off, washed, and heated, when 
it yields sodium carbonate and c arbonic acid. The 
ammonium chloride solution is heated witli slaked 
lime, and yields ammonia, which is used in the first 
stage of the process. The carbon dioxide from the 
bicarbonate, and that which escapes from the tower, 
canning some ammonia with it, are collected and 
utilised again. This proces.<« is very economical, as 
the only waste product is calcium chloride ; also it 
yields a purer product (9S to 99 per cent. N aoCO,). See 
al$o under SoBiXTM. Caustic Soda, NaO'H, is pre- 
pared from sodium carbonate solution (or from the 
tank liquor of the Iieblanc Process) by mixing .with 
milk of lime (Ca(OH) 3 ) and carefully heating ; 
calcium carbonate seimrates, and a dilute solution of 
caustic soda results. This is concentrated in iron 
pans till it is of the requisite strength, and is then 
cast in moulds. See aUo under Sodium. Potas> 
81 UM Carboiiatb, KjjCOg, was formerly always 
obtained from the ash of plants, and some is still 
obtained from this source. The ash is treated with 
water and the clear solution evaporated in pots ; 
hence the name Potash. In repeating this process 
a purer product is obtained; it is cfilled Peabl Ash. 
Most of the X)0ta8sium carbonate of commerce is now 
obtained from the potassium chloride of the btassfurt 
deposits by a pnx:ess exactly similar to the Leblam. 
Process clescribed above. Caustic Potash (KOH) 
is prepared from potassium carbonate, just as caustic 
soda is prepared from sodium carbonate. See aho 
under Potassium. Smlium carbonate is used on an 
enormous scale in making caustic soda, in making 
soluble glass (cement), in making sodium bicai- 
bonate, and other sodium compounds. Caustic soda 
is used in soa])making and in refining oils. Caustic 
potash is used in making soft soaps.— W. 11. H. 

Alkali Blue. See Dyes and Dyeing. 

Alkalimetry (67j^w.) The process of estimating 
the amount of alkali in a substance by adding to a 
measured volume of its solution a known volume of 
a standard acid, and using an indicator to determine 
the neutral point. See Indicatobs. 

Alkaline Development {Phote.^ Development 
(^.9.) in which an alkali is added to the solution. ]t 
is most applied to the development of dry plate.^ 
containing silver bromide, the alkali helping the 
sep^ation of the bromine from the metfdlic silver 
which builds up the image. 

Alkaline Earths. These are Dime, J3abyta, and 
Stkontia. 

Alkali Waste. See Alkali. 

Alkaloid Reagents. Alkaloids give precipitates 
with : (1) Phusphomolybdic acid ; (2) Phospho- 
tungstib acid ; (3) Iodine in potasi^ium i<jdide ; (4) 
potassium mercuric iodide; (5) l*otas.sium bismuth 
iodide ; (€) Tannic acid ; (7) Picric acid. The first 
three are the best and most delicate reagents. Picric 
acid does not give precipitates with all alkaloids. 

Alkaloids are basic, nitrogen-containing ring 
ooimpounds of vegetable origin ; most of them are of 
ui^own constitution, a few (conine, peperidine, 
nicotine, atropine) have a known constitution. Some 
are derivatives of pyridine, some of quinoline, and 
some of pyrrol. They have remarkable physiological 
action ; most of them are optically active (Isevorota- 
tory), and some of them are among the most 


poisonous substances known. Besides thodi men* 
tioned above, other important alkaloids are quinine, 
morphine, strychnine, cocaine, atropine, aconitine, 
veratrine, caffeine, etc. 

Alkannin ^Satanyy AZlummtin43toria (order, 
Boragvncbeeai). A red dye obtained from Ae root, 
and used in pharmacy and as a Vood stain. ^ 

Alkyl. This name is given to the residue obtained 
by taking away one hydrogen atom from a molecule 
of a paraffin hydrocarbon. Thus, methane yields 
the alkyl CH,. They are nut substances which can 
exist separately. OHgCl is an alkyl chloride, 
(CHg) 2 Zn is a zinc alkyl ; and so on. ^ 

Alla Breve {Mueic). fii the time of a breve : four 
minims in a bur. 

Alla Capella {Mueio). In church style: two 
minims in a bar, EEE 

Allan’s Link Motion (Eng.y A form of link 
motion in which a straight link is employed. 

In reversing, the eccentric rod is raised and the valve 
rod lowered by equal amounts (or vice versa). 

Alla Prima (Paint.) A painting executed 
without retouching. Kubens' pictures are notable 
examples of this methotl. 

Allargando (Musto). In a broad style : slackening 
the speed. 

Allecret ((M.) See Halecret. 

Allegory (Art.) A figurative representation : a 
symbol. 

Allegretto (Music). Ilather cheerfully: a diminu- 
tive of allegro. 

Allegro (^fuxic), Cheerfully, qui(‘k. 

Allen’s Governor (Png.) A steam engine governor 
consisting ol a fan revolving in a csi^e filled with oil. 
Tlie case can also move, but it does not do so as long 
as the speed of the fan is constant. When the latter 
varies, tbe case turns and acts on the regulating or 
throttle valve of the eiij: ine. 

Allerions (Her,) Small birds with<mt l)eak8 and 
claws. (Some hold that they are eagles which have 
lost beaks and claws. 

Alligator Shears (Metallurgy), Large mechanic- 
ally operated dinars, with the lower blade fixed, used 
for cutting the bars of iron after puddling (q,v.) 
Also termed Cropping Shears or Crocodile 
•Shears. 

Alligator Squeezer (Metallurgy). A press worked 
on a lever principle for squeezing cinder and slag 
from paddled iron while still in a semi-fluid state. 
The name is derived from the large “teeth” or 
serrations on tbe jaws. 

All Mine Pig Iron (Metallurgy). Ordinary pig iron, 
made entirely from ore, without admixture of iron- 
bearing slag. See Cinder Tig. 

Allotropy. Many elements have tbe property of 
existing in more than one form. This phenomenon 
is called allotropy. Oxygen, O,, exists in the allo^ 
tropic modifioation ozone (O,). Carbon exists as 
diamond, graphite, and charcoal. Phosphorus exists 
us yellow and red phosphorus. Evidently the phy- 
sical properties of the allotropio modifications of an 
element are very different. The chemical properties 
are different in degree : thus, charcoal bums easily, 
diamond with difficulty. 
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AUpyi* Alloys may be regarded as solid solations 
of metals in metals. In some cases the metals in an 
alloy are in the ratio of their combining weights or 
multiples of these ; then the alloy may be regarded 
as a aconite compound. Alloys are produced : (1) by 
melting fiie metajs together in proper proportions ; 
(2) by electro-deposition — ^thus copper and zinc can 
be deposited together to form brass; (3) by com- 
pression of the finely divided metals. In practice 
metals are rarely used pure ; a silver coin is an alloy 
of silver and copper, a gold coin of gold and silver, 
these alloys being harder than the pure metal. 

AUspioe iBotany\ Pinvmta officinalis (order, 
Myrtaceo!), T^e fruits, when nearly ripe, are dried 
in the sun, and form the,^^Hgj[3ioe of commerce. 

All avium f^Qeol.) Materials derived from the 
sub-aerial waste of upland areas are carried downhill 
and seawards hgr the action of running water. At 
those points where the velocity of the transporting 
agent, and therefore its transporting power, are 
checke^ as where a stream reaches flat ground, or 
flows into a quiet pool or a lake, the materials pre- 
viously carried forward by the running water are left, 
usually being spread out in thin layers. Aocpmula- 
tions thus formed soon grow up into dry land, and 
receive the above name. 

Allyl. This is the name given to the group 
(CH»:CH.0I1,-). CH,:CH.CH,OH is allyl 
alcohol = aHAlH. CH^ fCH . CH^ is allyl iodide 
=rC,II,T. 

Almandine iMin.') One of the Garnet group. It 
is much used in jewellery. Its colour is deep red, its> 
hardness about 7. It crystallises in forms '.of the 
cubic system. In composition it is an iron aluminium 
orthosiiicato, Tlie chief localities are Ceylon (where 
it occurs in alluvial deposits, and in situ in gneiss), 
India, Brazil, Piedmont, etc. 

Almandine Ruby {JUin.') The violet variety of 
spinel (fi'.v.), cut and used as a gem. 

Almayne Rivets, Almain Rivets (Arm.') Rivets 
which allowed the overlapinng plates of armour to 
slide over one another ; so called from their German 
origin. 

Almond (BotaJiy). Prunus amyydalis (order, 
Rosacvfc). Bf»th the bitter stud the sweet varieties 
yield the oil of almonds used in pharmacy, 

(Paint.) An aureole, almond shaped, 

found in the works of early painters. 

AlmucC) Amess (Cost,) Not to be confounded 
with amice (<y.v.) A fur hood or (iaj)e worn by 
ecclesiastics for the sake of w'arrnth. It covered the 
shoulders, and hung down in front somewhat like a 
stole. 

Aloes (Botany). Aloe : various species (order, 
lAUaotisp). This drug is prepared from the ^osinou^ 
juice of the leaves. Bavbadoes aloes are derived 
from A. mtlgaris; bocotrine aloes from A. Perryi; 
Cura^oa aloes from A. ckinensis. 

Alpaca. Wool of the Peruvian sheep or llama, of 
a soft lustrous fibre, used chiefly in the manufacture 
of dress fabrics known as alpacas. 

Alps. A name originally applied solely to the 
u Inland areas of Switzerland and the mountain regions 
adjacent, but now extended so as to apply to aily 
mountain tract of similar geographical character. 

A1 Segno To the sign 

Alstonite (Min.) Barium calcium carbonate, 
BaCo, . CaCO, ; barium carbonate =66*3 ; calcium car- 
bonate » 33*7 percent. It crystallises in twins of the 


rhombic system; in appearance veiy like dogtooth, 
crystals of caldte, but distinguish^ from calotte 
by the double striation on the crystal faces. ITitek 
Alston Moor and Hexham. 

Aliar (Archseol,) The stand or table on which 
offerings to a deity were placed. In Christian times 
it is used to place the vessels on at the consecration 
of the elements. Originally of stone ; now gener- 
ally of wood. 

Altar Cloth (Deo,) The covering of the Com- 
munion table or altar, often richly embroidered. 

Altazimuth. An astronomical instrument for 
measuring the altitude and azimuth of heavenly 
bodies. Essentially a telescope capable of rotation 
round its horizontal and vertical axes, with graduated 
circles for measuring the angular movement in either 
plane. A smaller instrument on the same principle 
is used in surveying. 

Alternate OontinuouB Transformers (Bleet, 
Eng.) See ROTABY Tbansfobmebs. * 

Alternate Current. See A^tbbkatikg Cubbent. 

Alternate Current Dynamos (Elect. Eng.) A 
dynjimo without a commutator (q.v.) for rectifying 
the current, and therefore producing an alternating 
current (q4>.) See Dynamos. 

Alternate Current Electro-Magnet (Elect. Eng.) 
A magnet (such as is used in alternate current arc 
lamps) woraed by an alternating current. It must 
either be laminated or else built up of a bundle of 
iron wire, to reduce losses by induced currents. 

Alternate Current Motors (Elect, Eng.) See 
Monophase and Polyphase Motobs. 

Alternate Current Transformer (Ehot, Eng.) 
See Tbansbobmeb. 

Alternating Circuit (Elect. Eng.) A circuit in 
which an alternating current (q.v.) is flowing. Cal- 
culations relating to those circuits must take account 
of their self induction (</.'»'.), and in many cases their 
capacity also, in addition to their resistance. ^ The 
equations connecting the current and electro-motive 
force may be derived. from Ohm’s Law (q.v.) if we 
substitute impedance (q,v.) for resistance. 

•Alternating Current. An alternating current of 
electricity is, as its name implies, one that flows 
alternately in opposite directions. This does not 
mean that the current abruptly ceases and ‘in- 
stantly flows in the opposite direction with the 
same krength. It commences at zero and rises to a 
maximum value, then falls to zero again and com- 
mences to flow in tlie opposite direction, again reach- 
ing a maximum and falling to zero'; so that its 
value at any given instant wmuld be represented by 
a wav e-like curve which generally follows more or 
less closely the form of a “curve of sines” (see 
Habmonic Motion). The alternations aie very 
rapid in most cases, about a hundretl per second, 
and if we observe the filament of an electric incan- 
descent lamp it appears to remain uniformly bright, 
just as it would if heated by a continuous current 
flowing steadily with a value of, roughly, three- 
quarters of the maximum strength of the alternating 
current. The special value of an aUernating current 
is that we can take a small cu:Tent with a very 
high voltage and transform it into a large current 
at low voltage by the use of a simx>lc piece of 
apparitus called a transformer (q.v,\ without any 
serious loss of power. As the transmission of a 
small current only requires the use of small wires in 
the mains, this method of distzibutiem is very much 
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cheaper than the employment of a continuous cur- 
rent. For exam]>le, in lighting by incandescent 
lamps the voltage is about 100 volts in most oases, 
widle the current supplied by the mains is at 2,000 
volts, or twenty times as great a voltage ; but the 
amount of current supplied by the mains in this 
case is only one-twentieth of the current after being 
transformed for use in the lamps — that is, if the 
mains were supplying 10 Amperes at 2,000 volts, the 
transformed current would give 200 Amperes at 100 
volts (approximately). The chief disadvantage attend- 
ing the use of alternating currents is that they are 
less suited for the driving of motors than continuous 
currents are ; and when power has to be transmitted 
by their means, some special form of motor has to be 
used, and these forms can scarcely be said to have 
reached the same stage of efficiency which has been 
obtained by the continuous current "motors. — G. F. G. 

Altitude (Astron.) The angle between a star and 
the horizon, measured along a vertical circle. 

Alto (Mvsie). (1) The highest of the voices of 
men; also called counter-tenor. (2) The Viola 
(g.v. under Musical Insthuments). 

Alto-Relievo. Sculpture in which the figures pro- 
ject more than half their proper proportions from the 
background. See Mezzo- Relievo, Basso-Relievo, 
Cavo-Relievo, atid Intaglio. 

Alum. Native potash alum (also called Kalinite) 
occurs in small quantity in the alum shales of 
Hurlet, near Glasgow, and at Whitby. It crystallises 
in octahedra of the cubic system. The composition 
of common alum is K,^S04 . Al/SO^), . 24H20 ; but a 
number of other alums are recognised by chemists. 
These have the general foimula R2SO<M.,(SO^)j,24H20, 
w'here R is (me of the metals potassium* (K). sodium 
(Na), or the group Ammonium (NJl^), and M is ouf' 
of the metals aluminium (Al), chromium (Cr), or 
iron (Fe), Common alum is potas.sium aluminium 
alum, R= K and M ^ Al. It is made from aluminium 
sulphate (obtained from shale or bauxite) and potas- 
siumxjhloride and .sulphate. It is userl as a mordant 
im dyeing, as an astringent in mt^dicine, and as an 
adulterant to wliitcn bread. Alum in Bkead : For 
the purpose of enabling inferior or damaged flour 
to be used in the making of bread, alum, in quan- 
tities ranging from 30 to 60 grains in a 4-Ib. loaf, is 
added. It prevents fermentation, and tends to make 
the bread whiter. A good rough test for detecting 
the presence of alum is the logwood test {q.v.) 

Alum Bath (Photo.) A solution of alum, which 
prevents gelatine films from “frilling,” or curling 
up at the edges, when drying. 

Alumina. Oxide of aluminium (AliO,), a white 
amorphous substance the basis of alum, and the 
most abundant of the “earths.” It is widely 
diffused over the globe, and is the chief constituent 
of all clays, the principal ingredient in the manufac- 
ture of porcelain, and is present in more or less 
quantities in glass. It Ls used extensively in the 
afts, and is valuable im account of its affinity for 
vegetable colouring matters and animal fibres. It 
forms the base of certain colours in dyeing, and also 
acts as a mordant. See Alum, Aluminium Com- 
pounds, POTTEEY and POBCELAIN, BRICKS, etc. 

AJuminium^ Al. Atomic Weight, 27. Ibis metal 
occurs in clay, which may be regarded as chiefly 
aluminium siliCiate ; in cryolite, which is a fluorine 
compound (AlFj3NaF . ) ; in bauxite (Al . Fe^PgH^O : 
in felspars and china clay. It is now always obtained 
by heating aluminium oxide as pure as possible in an 


electric furnace. The furnace is an iron vessd lined 
with carbon, the vessel itself forming the kathode or 
negative pole; the anode consists of a number of 
oarbpD rods. The charge consists of the pure oxide 
alone or mixed with cryolite to serve as a flux. In 
starting the furnace the electrodes are brought to- 
gether, and then the anode is gradually rais^ ; the 
arc rapidly fuses the charge, and the metal begins to 
separate. The process is continuous. Very pure 
aluminium is obtained by beating the double bromide 
of aluminium and sodium with pure sodium. Alu- 
minium is a greyish-white metal which melts at 
654®; it is very malleable, and its conductivity 
for heat and electricity is about one-third that of 
silver ; its tensile strengtjj^ is about 12 tons per square 
inch. The metal wJten pure is quite permanent in 
air ; it only oxidise.'^ at a very high temperature. Hot 
water slowly attacks it, forming the hydrate. Hydro- 
chloric acid dissolves it ; hot, strong sulphuric acid 
forms the sulphate, and nitric acid has very little 
action. Caustic soda solution readily dissolves it, 
evolving hydrogen and forming sodium alurainate, 
3Na«0, ALOj,. Organic acids have no action except 
in the presence of common salt, when there is a 
slight action. Of its alloys, aluminium bronze, Al 
(10 parts), Cu (90 parts) is the most imjx)rtant ; it 
is the strongest of the copjier alloys, and has the 
colour of gold. 

Aluminium Compounds. Aluminium Oxide, 
Al.,Oj,, occurs naturally as Corundum and with fcnic 
oxide as Emery ; ruby, sapphire, and some other gems 
are aluminium t)xide coloured by certain metallic 
oxides (Cr and Co). It is obtained by heating the 
hydroxide or ammonia alum, as a white powder in- 
soluble in acids. Aluminium Hydroxide, Alj,(OH 
is formed by adding an alkali to a solution of an 
aluminium salt. It combines with dyes forming 
coloured Lakes — hence the use of aluminium salts as 
mordants in dyeing. Aluminium Chloride, ill^Cle : 
A hygroscopic white powder, formed by heating 
the metal in hydrochloric acid gas and by heating 
a mixture of tlie oxide and charcoal in chlorine 
gas. Forms double salts with the alkali chlorides, 
83 ALClgNaCl. Used as a condensing agent 
in organic chemistiy. Aluminium Suephate, 
AZ2(SO^)2l8H.p : A white powder, formed by heat- 
ing bauxite with sulphuric acid. Used in paper- 
making, in precipitating sewage, and in making alum. 

Alum Leather. Leather dressed with alum and 
salt, either alone, for whips, aprons, etc.; or, for 
gloves, with alum, salt, flour, and egg yolk. 

Alumsione (Mm.) ' A hydrous sulphate of alu- 
minium and potassium, SCAlgSOj) . K.BO4. fiHjO * aln- 
min;t=37 ]3, potash* 11'34, sulphuric acid"*38*53, 
water =13 per cent. Usually massive and granular, 
sometimes in rhombohedral crystals. It occurs in acid 
volcanic rocks near Rome, in Tuscany, Hungiiry, etc. 
It is an important source of alum. 

Alunite (Mm.) A s3monym for ahimstone (g.v.) 

Alunogene (Mm.) A hydrous aluminium sulphate, 
ALSOg . IHH.,0 : alumina •=15-4, sulphuric acid *36, 
water 48*6 per cent. It is a prochu -t of the decomposi- 
tion of shales, containing pyrites (alum shales), and is 
source of alum. Its crystalline system is mono- 
symmetric, but it usually occurs in fibrous veins and 
incrustations near Glasgow, Hungary, North and 
South America. 

Amadou (Botany). Polypoi'ue fomentanue (class, 
Fungi). A spemgy form of tinder, made from a fungus 
on old trees by soaking thin slices in saltpetre 
solution. 


Ainal:gam (^Chem.) An alloy of mercuiy with 
another metal. Tin Amalgam was formerly used in 
** silvering ” mirrors and on the rubbers of frictional 
electric machines. Sodium Amalgam is used as a 
reducing agent, as it gives a slow stream of hydrogen 
when placed in water. Gold Amalgam is used in 
dentistry. 

A native amalgam of silver and mer- 
cury, AgHgjj: mercury s*(J6*2, silvers=34*8 per cent. 
In cubic crj’stals of briiliant tin-white colour ; brittle. 
From Almaden, in Spain; Dauphin6, in France; 
Sala, in Sweden, etc. Another amalgam with more 
mercury Ls called Auquekite ; it is ductile ; it comes 
from Chili. o 

Amalgaination ProeessSb (Met.) Both gold and 
silver can be extracted from their ores in certain 
cases by the treatment of the crusluni ore witli 
metallic mercury, thus forming a {Silver or Gold 
Amalgam. See also Gold aftd Silver. 

Ama|ette {Paint.) A tool used in grinding colours 
to gather che material together, but, like the muller, 
it is now obsolete. 

Amateur. One who lias a taste for anything, but 
is not a skilled workman plying his trade fora living. 
The term is sometimes applied to one who is only a 
smattcrer. 

Amazons. Mythical race of female soldiers often 
represented in art — t\g. the strife l>et\vcen Tlieseus 
and the Amazons. 

Amber (Min.) A fossil resin of light yellow to 
deep brown, washed up l)y the sea, chiefly on the 
shores of the Baltic ; furnishes a valuable picture 
varnish ; also much used for beads and pipe stems. 
The residue left when amber is heated is used in the 
manufacture of some fine black varnishes. Com- 
position : carbon = 78*96, hydrogen « 10*51, oxygen 
- 10*52 per cent. * 

Ambergris. A substance formed in the intestines 
of the spcirm whale {Physeter macroce^halus). It is 
found floating on the sea, and is much used in 
perfumery. 

^‘Ambitty” (Glass Ma7iufao.) A term used to 
denote that glass has become devitrified in the pot 
during the time it is being worked. 

Ambo. A pulpit or reading-desk in an Earl}^ 
Christian church. 

Amboyna Wood. Sfc Woods. 

Ambulant (f/er.) The action of walking. 

Ambulatory. A part of a building intended for 
waling in, such as the cloisteis (q.v.) 

Amentum {Botany). A long hanging spike of 
unisexual flowers, such as one sees in the hazel or 
poplar. 

American River Steamers (Png.) I^ge 
steamers of very shallow draught, often propelled 
by a single paddle wheel fixed at the stern ; hence 
called “Btern Wheel ” steamers. 

Amethyst (Min.) A violet and transparent vaiiety 
of quartz (q.v.) used largely for cutting as an 
ornamental stone. Its colour is due to traces of 
manganese. Found in Scotland, South America, 
China, etc. Amethyst was supposed by the ancients 
to protect against drunkenness. See also Precious 
Stones. 

y Oriental (Min.) A violet variety of 

corundum {q»v.) 


Amianthus (Min,) A very silky variety of 
asbestos (q.v,) 

Amice ( Cost.) A fine piece of linen of an oblong 
square form, which was formerly worn on the head 
until the priest arrived before the altar, and then 
thrown upon the shoulders.” — W ay, Often enriched 
by apparels. 

Amides are compounds formed by the replace- 
ment of the hydroxyl of a carboxyl (COOH) group 
by the group NHj. They are solids easily resolved 
into an acid and ammonia by boiling with dilute 
acid or alkali (sec Hydrolysis). Dissolved in 
bromine and treated with caustic potash solution, 
they yield amines. Heated with phosphorus pent- 
oxide, they yield nitriles. They are produced 
heating the ammonium salts of organic acids ; also 
by the action of ammonia on either an acid chloride 
{q.v.) or an eater {q.v.) For examples of amides, see 
Asparagine and Urea, Acetamide, Benzamide. 

Amido- or Amino-. These prefixes are employ^ to 
designate compounds formed by introducing a group 
NHg into a compound in place of a hydrogen atom — 
e.g. benzene is C^Hg; the compound CgHjNHg is 
aminoboDzene, commonly called aniline, llie group 
NHg confers basic properties upon the compound 
formed by its introduction ; thus aniline is a base. 
Many basic colouring matters owe their value as 
dyes to the presence of this group. Amino com- 
pounds have the group NHj replaced by OH when 
acted on by nitrous acids. 

Amines. Compounds formed by the introduction 
of hydrocarbon residues into one or more molecules 
of ammonia in place of hydrogen. The amines are 
all bases like ammonia itself. Mmiamines are 
derived froui one molecule of ammonia ; 



Ammonia. Frimary Secnndaiy Tertiary 

anuue. amine. amine. 


Diamines are derived from two molecules of 
ammonia : 



A primary diamine. A primary diamind'. 

Ethylene diamine. Fhonylane diamine 

Ammonia, NH,. A colourless gas with charac- 
teriscic smell ; exceedingly soluble in water ; it burns 
in oxygen, forming water and nitrogen. It is a 
powerful base, combining with all acids to form salts. 
It is used in the form of its aqueous solution. Hie 
strongest solution sold is called **880 ammonia,” 
because its specific gravity is *880. Ammonia is a 
constant product of the decomposition of nitrogenous 
organic matter. It is produced on the laige scale 
from the ammoniacal liquor of the gasworks by 
boiling it with milk of lime. 

Ammoniacal Gas Liquor. See Gas Manufacture. 

Ammoniacum. Borema ammoniaemn (order. Urn* 
helhiferce). A medicinal gpim resin which exudes 
from the stem of a Persian umbellifer. 

Ammonia in Water. Ammonia in water in excess 
is taken as an index of pollution by fmcal or organic 
matter. Its presence either in a free state or as 
albuminoid ammonia is determined by quantitative 
analysis. For a qualitative examination Kessler's 
solution is added to the suspected water. If ammonia 
ie present, the water will be coloured yellow. 
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^ Mttiojiia Soda Pmeat* Alkau. . 

Aiamoaiiti&. The name gWen to. die group 

is present in all ammoniam 'salts. The group 
(NH^) has no independent existence. 

Aiwoiiiaiii Saits. Ammonium Chlonide, NH.OI : 
a white solid obtained when ammonia and hvdro- 
chlorib acid are brought tpgetlier; it is very soluble in 
water, and is used as ^'chemical reagent. Also called . 
Sal Amho:$?iac. Ammonium Sulphate (NH^)jS 04 : 
formed by union of ammonia and sulphuric acid; 
a irhite solid, used as a manure. Ammonium Gab- 
BONATE, also called SAL Volatile. It is prepared bv 
heating a mixture of ammonium sulphate and lime- 
stone. Ordinary ammonium carbonate is not a single 
substance, but a mixt nre of ammonium carbamate 


VM 

CO \ o\ir ammonium hydrogen carbonate 

OH ^ ^ 

CO \ ONH ’ dissolved in water,’ it yields a 

solution of the latter compound. Ammonium salts 
axe all decomposed when lieated with a strong alkali 
such as lime or caustic soda, gi\ing off ammonia. 
Most of the inorghnic salts of amn)onia sublime 
orL heating. 


Am mlia (Zaologyy A’microscopic animal organism 
found in the mud of ponds and elsewhere. It i.s 
very simple in its structure, bofng merely a naked 
mass of protoplasrh devoid of definite organs. Its 
shape is constantly changing, due to the constant 
flowing of the semi-fluid protoplasm. 


Amorino {generally m pi.. Amoriiii). Cupids, 
often used for enrichment. 


Amoroso (Munic). Lovingly. 

Amorphous. This term is applied to substances 
which Lave not a crystalline structure ; e.g. amor- 
phous c-arbon is that modification which is devoid of 
crystalline form — charcoal. 

Amperage {J^lect. Eng,) The amount of current 
which can be carried by a given conductor. It varies 
with the conditions of ventilation and other factor.s^ 
which affect the cooling of the conductor. Tables 
showing the amount are given in electrical works. 

Amphre {Elect.) The i»ra(tical unit of electric 
current. It is one- tenth of the absulule unit {g.v.) 
Named after Arap^jre, a Fieiich electrician. 

Ampbre^S Rule {EU'Ct.) A i-ulc for remembering 
the action of a current on a magnetic pole. If tlic 
observer swim with the current in the wire, and face 
the needle, then the north pole of tin; magnet will be 
deflected towards hi$ left hand. 

Amperes, Virtual (Elect. Eng.) ' See Virtual 
CU^BNT. 

Ampere Turns {Eleet. EngJ) The fucxluct of the 
number of turns in a coil and the number of Amiibres 
flowing through it. tSee M.^gneto-mc)tive Force. 

Ampersand (Typog,) The name of the sign used 
. for the word “ and tlius &. 


Amjdiiantis. That form of Grecian temple which 
has a portico “in antis ** {g.v.) at each end. 

Amphibole {Mm.) A general name applied to a 
Motion of the ferro-magnesian silicates which are 
allied in CM^mposition and crystalline characters to 
HCobnbleneb. They usually cleave in such manner 
that two adjacent faces so formed give angles of 
about 56^. The cry’^stallisation in tremolite, horn- 
blende^ some other of less common occunence 


is monoBymmfetric.,;^in anthopHyllite it is ortho- 
rhombic, while In fBUigmatite it is anprthic. Tliey 
are important members of tlfe rock-forming silicates, 

Amphlbajite ( Qeok ) A rock oon^ting chiefly of 
one of the forms of Amphibole, usually that known m 
actinolite*'. It is* generally more or less closely asso- 
ciated with gneiss, and is commonly one of the 
pegmatites of diorite gneiss. It often contains traces 
of some of the rarer elements. 


Amphippostyle. That form of Greek temple 
which has a columnar porch* at each end only. See 
Anta and Prostyle. 

Ainpliitheatpe. An ^ijdical or tlouble theatre 
without a stage, but willi a space — ^the arena — in the 
centre^ and at a lower level than the first row of seats. 
See Podium. 
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Amphora. A large two-handled vessel, varying in 
shape, and eitijer 
with or without 
foot. That witliout a 
foot sometimes stood 
ohatripod. Amphortc f • . 

n ere common among f j 

the O.eeks, Romans, * 
and Egyptians 
were generally 
for holding wine, 
etc., though theie arc 
i t istances of th eir use ‘ ^ puqki?. 

as Cinerary Urns {q.r.) and even as coffins, Tliey 
were generally made of earthenware ; but there aie 
numerous examples of amithorae niainifactnred from 
more costly materials, elaborately deooratetl. The 
ampl'.ora wasastandani measure with botli the Greeks 
and Romans, among the tormer being equal to^about 
1) gallons and among the latter aVxjut 6 gallons. 

• • 

Amplitude {Phyn.) The amount which a 
vibrating body is displaced to either side from its 
position of rest— 'fi.y. if a pendulum has a total swing 
of 10 in. from side to side, the amplitude, which is 
measured from the centre point of the path or position 
of rest, is 5 in. . * 


Ampul, Ampulla. A sir. all glas.s bottle, oi’ten two- 
haudled ; also the vessel containing the holy oil used 
in unction and in the consecration of kings. 

Amulets. Charms, often of a grotesque character, 
still worn in some parts of the world, generally sus- 
pended from tlie neck. They sometimes consist of 
mystic words or ebaraett^rs, engraved on metals or 
Stones. Such were those wmrn by the Early Ciinstians. 

Amygdalin. A glucoside {g.v.) occurring in bitter 
almonds and in kernels of apricots,’ chevies, and 
peaches. It is a white crystalline solid. - It is re- 
solved by the enzyme Emulsin which is coijtainc'd in 
almomls, and also by dilute hydiWhloric keid, into 
glucose, prussic acid, and oil of bitter almonds: 

+ 2H,0 - + HCN + O.HiCHO 

Autygdalm. Ghiooao. Prnasic ' Benzaldehyde 

‘ * ftcid. (oil of bitter 

almoudn). 

Amyl Acetate. A substance prepared by distilling 
a mixture of amyl alcohol, sulphuric acid, and sodium 
acetate. It is colourless, and possesses a* smell like 
the essence of pears. Used lU' tbe preparation , 
collodion and other varnishes, and as a vehicle in,' 
many so-calldd gold paints. ^ '* ' < 

Amyl Alcohol, CjH„OH. There are eight piib- 
stances of this formula, but ordinary amyl alcohcfl i# 
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a mixture of only two of them — vim, isobutyl carbinol 
OH*^ CH^ CHj, CHgOH, the principal constituent, 

* CH V 

and active amyl alcohol^ CH.CHjOH. It is 

a peculiar-smelling liquid, and is laavorotatory. It 
is prepared from fusil oil by distillation, aiid is 
that fractioh of the distillate which comes over about 
132‘’. 

Amyl Nitrite, CjHjjNOa. A pale yellow liquid 
smelling like peardrups. It is‘ prepared by distilling 
amyl alcohol with nitric acid. When its vapour is 
inhaled it pi-oduocs flushing of the face, and causes 
the heart to beat rapidly. It is user! in chemistry 
in the preparation of diazo 5)mpoiinds. 

Aneerobic (^Jiotany). 1'he term applied to bacteria 
that cannot exist in tlie pre.sence of oxygen. 

Anaglyph (Souljj.) Ornament worked in low relief. 
Ser IJAS llELIBF. 

Anaglypta A relief decoration of hardened 

pulp*forimid in iron moulds. It is of great dura- 
bility, and is macle in a large number of artistic 
patterns for wall and ceiling decoration. 

Analcime ( Min.) A cubic zeolite ; occurs in druses in 
volcanic n »oks. Cojnposition : Alj^SiaO^. Na.^SiOj . 21LO : 
silica = 54**1, alumina 23-3, so(ia = 14'1, water =■ 
8*2 i)er cent. Found in many localities in Scotland, 
Oiants’ Causeway, Tyrol, Norway, Iceland, New 
Jersey, etc. 

Analysis, Chemical. Is the name given to the 
processes einplo.Ted in ascertSiining the constituents 
of any substance. The mialysis is said to be 
QUALITATIVB when the nature* only of the con- 
stituents is a.scertaiiie<i, and QtJANTlTATlVB when the 
amount of the constituents is determined. 

Anastatic Process et<\) A method of 

fa(‘siruile r(‘production from zinc plates, now super* 
seded by lithography. Sre Trocess \Yoric. 

Anatase (Min.) An oxide of titanium, TiO^ : titanic 
acid =■- fls, ferric oxide = 2 per cent, (but variable). 
Tetragonal. Brown to deep dull blue. Cornw’all 
and North Wales, Dauphin^ in S.E. France. 

Anatdiny. The proce.ss and result of dissection of 
an organi.sed body. Artistic anatomy comprises the 
knowledge of the structure and use of component 
parts of the human figure, more particularly the 
bones and muscles. 

Ancaster Stone. Sre Building Stoner. 

Anchor. A contrivance for mooring a vessel in a 
river or* open sea ; gcneralh" represented in iirt by 
the well Jknown shape, with or without a cable. If 
the cable is twisted round the nnehor, it i.s termed 
a foul anchor. The anchor is the erablcui of hope. 

Anchovy. JUngranlix encrassuilwlus (family, Clu- 
pndrr). A Meditcri-anenn fish of the Herring family 
used as a food. 

Ancon,' pU Aneones (Architect.) A c<msolc 
(q.v.)y particularly when used to sui)port the .small 
cornice over a doorway. 

Andalusite (Min.) A ro<'k-;formiiig silicate whicli 
results’ from the thermo-mcl.fmior})..i.siji of rocks of 
argillaceous composition. It i> chiefly allied to 
topaz, and is one of the trimoi]ilums forms of 
crystallised silk’-ate of alumina, w’ho^e other two 
are Cyanite and Sillimanite. One <if its varieties 
is known -^as OHiAftTOLiTR. 1’he composition of 
atidalu^te is Al./)^ = 53, SiO.^ = 37. Crystallisation, 
orthorhombic 

Andante (Mimic), “ doing ” at a moderate pace. 


* 'Andantincr (JIftnrio). A diminutive of mdewte-: 
going gently. . 

Andeiine (ilfik) A rock-forming Bilicath whleh 
constitutes one of the lime soda felspars. K i^tated 
to be the predominating felspar in some of the lava 
flows of the Andes, whence the name. It regardeef 
as a mixture in about equal proportion of the soda, 
felspar albite, and the lime, soda anorthite. 

Andesite. A name applied- to an eruptive rock 
(usually a lava) which consists of a glassy or lithoidal 
ground mass, in which occur certain ferro-magnesian 
silicates, exclusive of olivine, and lime soda felspar 
(commonly labradorite), in larger proportion to the 
ferro-magnesian constituents than is the case in 
basalts. The composition is sub-basic, and the 
rocks weather with a lighter coloui-ed crust than 
the basalts and their allies. It is the 
commonest type of lava amongst the 
British volcanic rocks of older date 
than the Ter^ry period. 

Andipons (ArchecoL.) When wood 
was the comirion 
fuel, two iron (or 
other metal) sup- 
ports, movable 
were placed o: 
either ‘side of th 
open hearth 

Against the.se the : Bncmhh, IStr Cfntuby. 

logsofwood 

Jeaued. Sometimes only one was used, in front, to 
support the spit. 

Androecluih (Botany). The term applied to the 
series of stamens in a. Hoover. 

Androsphinx (Architect.) A carved figure having 
the body of a lion and the head of a man. See Sphinx 
and Keio-Sphinx. 

Anelace, Aniace (Archceoh) A short sword or 
dagger, broad in the blade, sharpenevl both sides, and 
gradually narrowed from hilt to point. Seen on 
ci\iban monuments of thirteenth and fourteenth 
cenliirie.'^. Also termed Baselabd. 

Anemometer (Mete-o.) An inbtrnmont intended 
for measuring the velocity of the wind. The 
ordinary form consist .s of four horizontal arms 
with hemispherical cu}»s at the ends, the -whole 
rotating on a vertical spindle, whose velocity is 
rcc.orded by mechanism. 

AnemophilouB (Botany), The term describing 
those plants that are pollinated by means of the wind. 

Aneroid (MHerol.) A portable form of barometer 
which docs not involve the use of a long column of 
fluid, lienee it is suitable for determining the altitudes 
of mountains, etc. See Barometer 

Angel Fish. S^fuafina imlyarie (family, Squatini- 
d(c). A curious fish allied to the sharks and rays, 
formerly used a.s a food. The skin is used for 
polishing wood and also to form a fine shagreen. 
Angelique. S(‘e WooDd. 

AngitBpermsB (Botany). One of the two great 
divisions of the Phancrogamia (flowering plants). 
The angiosperms are divided into monocotyledones 
and dicotyledonos. 

Angle. Tlie degree of inclination of two lines to 
each other. A right angle is produced when one 
line meets another in such a way that the angles on 
both sidef are equal. An acute angle is, one less 
t>ian a right angle ; an obtuse angle is one greater 
than a right angle. A right atigle may also he 

^ 2 
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defined as one subtended by a quadrant, or one*quarter 
of a circle, whose centre is^at the apex (or point) 
of the angle. In trigonometzy it is often necessary 
to deal with angles which are greater than two right 
angles (180^). llie defini- 
«tion of such angles is as 
follows : Let BO be a 
line which revolves about 
the point B, and origin- 
ally tsoincided with the 
line BA. As bo revolves it is said to deacribe the 
angle abo; thus in one revolution it will have de- 
scribed an angle of 360°, in two revolutions 720°, 
and so on. 

Angle {Laee Manufav.) The inclination of the 
warp threads between the sley and the bars which 
gives the threads sufficient bias to keep them on the 
toft or lower side of the hole or perforation through 
which the}' pass. 

Angle BeaAt or Stuff Bead ( Carp.) A bead fixed to 
the external angle of a plastered wall to protect it. 
Modem practice is to mu it in Keene's cement {q,r. 
under artinle Cements). Also applied to a beatl on 
an external angle in carpentry. 

(Plast,) A bead run on the angle of a 

plastered wall. 

Angle Bearing {Bug.) A plummer block {q.i\). 
in which the joint between the cap and main pait of 
the block is at an angle with the ba.'^e. Used when 
there is a thrust on the shaft which is not at right 
angles to the base of the block— tf.y. in the crank 
shaft of an engine. 

Angle Block {Carp.) A triangular block glued in 
an angle to secure two pieces together. 



Angle of Contact (JP%a) ^The a^gle which the 
extreme edge of the surface of a fiuid makes with a 
solid ^surface with which it is In contact. If the 
fluid can wet the surface (e.g,^ water on perfectly 
clean glass), the angle of contact is* 0^. 

Angle of DeYiation {Light). The angle between 
the directions of a ray before entering and after 
leaving a refracting medium — i.e. the angle through 
which the rny is turned or deviated by the medium. 

Angle ofl'lexure (Bng.) (1) The angle through 
which one end of a shaft turns relatively to the other 
end when the shaft is subjected to torsiqn ; (2) the 
angle through which any line in a body makes with 
its original direction wl^^n the body is Subjected to 
torsion. ; 

Angle of Friction {Pbys. and Bng.) The angle 
at which a given plane surface must be inclined in 
order that a body may, when once sot in motion, 
continue to slide upon it. In this case the force, 
acting on the body down the surface, equals the force 
of friction between the body and the plane.' The 
tangent of the angle equals the coefficient of friction 
between the body and the plane surface. 

Angle of Incidence {Light). The angle between 
a ray and the normal to the surface on which it is 
falling. 

Angle of Inclination {Bng.) The angle which 
the thread of a screw makes with the axis. 

Angle of Lag (Eleef. Eng.) The diffttrence of 
phase {q.r.) between an alternating electro- motive 
force and the curicnt produced by it. The current 
alw'ays lags behind the K.M.F., reaching its maximum 
some time after the higbe.st \alue of the E.M.F. hits 
been pas>ed. aSco 1»o\veb, Alternating Current. 


Angle Board {Carp.) A board on which wood is 
held in order that it may he planed with a certain 
angle (other than 90° or i80°) between two faces. 

Bracket {Eng.) A triangular frame of 
cast or wrought iron, used to stiffen the angles of a 
structure ; in carpentry, a rougli bracket fixed in the 
angle of a wall to support a cornice. 

Angle, Critical {Light). See. Critical Angle. 

Angled {Her.) A partition line rarely used on 
an English shield. The lino is bent 
halfway and continued in a direction 
parallel to its original direction. 

Angle, Facial {Art). In tracing this 
the face is turned sideways, facing to 
right or left} a line is drawn hori- 
zontally through tip of nose, and 
another from the same point to front 
of forehead. The angle between these Asoled (/Tt .) 
two lines is termed the facial angle. In antique 
statues the facial angle is generally about 90'*, 

Anglo Iron {Eng.)‘ A bar of wrought ironwho.se 
cross section has the form of the lettey,. L- The 
angle is commonly, but not always, a right angle. 

Angle of Advance {ETig.) The angle Between 
the centre line of an eccentric sheave and the line 
which is at right angles to the crank. It oause.s 
the " lead ” or opening, of the port before the com- 
pletion of the stroke of the piston. 

Angle of Contact {Bng.) (l) With toothed 
wheels, the angle tbrougli which the wheel turns 
while two given teeth are in contact ; (2) with belts, 
the angle subtended at the centre of a pulley by the 
part of the circumference in contact with the belt. 


Angle of Minimum Peviation {Light). Tbe 
smaiiest angle through which a ray can be beni*by a 
given prism. This minimum deviation is obrained 
when the entering and emerging rays make the same 
angle with the two faces of the pri>m. 

Angle of Polarisation (LMt). The angle at 
which a ray mu>t be incident on a surface in order 
that the reflected ray may be polarised as completely 
as possible. See Polarisation. 

Angle of Reflection ( light). The angle between 
I tlie relleoted ray and the, normal to the reflecting 
I surface. 

Angle of Reft*action {Light). The angle between 
! a KIT after entering a refractive medium and the 
1 normal to the surface of the medium. 

Angle of Relief {Eng.) The angle between the 
back edge of a tool and the material it is cutting. 
This angle prevents unnecessary friction between 
the tool and tbe material. It is greatest for mh 
mat<‘rials, being between 20° and 3(f for soft Wf»ocl, 
down to 3° or 4° for hard rnotal. 

Angle Plate (Eng.) A metal bracket, commonly 
right angled, lor fixing work while being operated 
upon by machine tools. 

Anglesite {Min.) Native sulphate of lead, 
PbSO, : oxide of lead = 7.'J G, sulpimrio acid » 26*4 
per cent. Ir crystallises in forms of the rhombic 
system isomorphous with baryte.s, celestine, and 
anhydrite. It is named after Anglesea, where it was 
fir.^t found. It occasionally occurs ma«si\'e. It is 
an oxidation product of galena. When in sufficient 
quantity, it is a valuable ore of lead. Angles^, 
Oornw'all, Cumberland, Dumfriesshire, Prussia, Siberia, 
Australia, United States. 
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Ti^ A piece of timber connecting 

the wali plates across the angle of a bulldog to 
reo^ve the tfirust of the hip rafter. ^ 

Angln-Saxoti ArohiteotuFe. The name given to 
the architectare of England subsequent to the de- 
parture of tlie Homans, 449 A.D., and terminating 
with the Norman Conquest, 106<) a.d. The principal 
features of the work of this period are the belfry 
windows with baluster shafts, “long and short" 
work, triangular-headed openings, and ^^pilaster and 
diagonal strips of worked stone in the rubble avails. 
See Balu^teb, “Long and Shobt” Wobk, and 
Bomaxesqite. 

Angora doaL Caj^rahilknts Ttwidaf). A 

variety of goat found in Asia Minor. It is^Walued on 
account of its hair, used in the manufacture of cloth. 

Angular Acoeleration {PhysioBt etc.) The rate 
of increase oi angular velocity (^.v.) 

Angular Capital. That form of Ionic capital in 
whieh a volute is placed under each angle of the 
abacus, and all the h-ur faces are alike, ABCHI- 
TECTUEE, Orders op. 

Angular Diameter (.ABtron.) The angle sub- 
tended by the diameter of a heavenly body at the 
observers eye. 

Angular Displacement, llic angle through which 
any given body has been turned. 

Angular Distance of Stars {Astron.) The angle 
subtentied at the observer by the arc of a circle drawn 
from one star to the other, arid having its centre at 
the observer. 


Angular Measurement. In ordinaiy cases this is 
in degrees in certain others it is given in 

circuit measure which is better adapted to 

many mathematical calculations. 

Angular Thread (A*;///.) A screw thread whose 
section is triangul.ir; tiie form most commonly used 
in ordinary screw'^. 

Angular Velocity (Physics, etc.) The number of 
units of angular measurement through which an 
object turns in unit lime. Thus, if a wheel make 
n revolutions ]ier second, the angular velocity is 
ilGOa degrees per second, or 2vn radians per second. 

Anhydride. The compound resulting when water 
is withdrawn from an acid. Thus, when nitric acid 
is distilled with phosphorus pentoside, the latter 
withdraws water, and nitric anhydride results. 


NOjOH ^^2"^ n j. H O 

no!oh == no!!> ^ 


Anhydrite (Mm.) An anhydrous sulphate of 
calcium, CaSO^, CaO = 4]*2, = 68*8 per cent., 

occurring in grey or wliite granular masses, some- 
times in rhombic crystals. It is often found in 
association with gypsum, from which it is distin- 
guished by its superior hardness, not scratched by 
the nail. Widely distributed. 


Anhydrous. Without water ; e.y. anliydrous ether 
means ether which has been freed from any water 
it might have contained. 

AnilinOf A pale yellow liquid which 

turns red on keeping ; boils at 18o°; lias a character- 
istic smell. It is a base. Slightly soluble in water, 
Prepared from nitrobenzene (g'.v.) by reduction with 
tin (small scale), iron (on large scale), and hydro- 
ciiloric acid; the product is made alkaline and 
distilled in steam. It gives a violet colour witli 
bleaching powder solution, and a blue with potas- 
sium dichromate and sulphuric acid. It is used in 


preparing a large number of important dyes, hence 
the name ** aniline dyes;* BoSANlLndSp 
Dyes and Dyeing. 

Aniline Dyes. See Dyes and Dyeing. 

Animal Charcoal. The pioduct formed by dim ' 
tilling bones in absence of air. It only contains 
about 10 per cent, of carbon, the rest being calcium 
phosphate (80 per cent.), calcium carbonate, arid 
other substances. Its most important property la 
its power of taking up colouring matter. In the 
sugar manufacture it is used to decolorise the syrup. 

Animal Charcoal in Filters. Formerly considered 
an excellent medium for the filtration of water. 
Besearch has proved, however, that its use is ac- 
companied with danger. To be efficient in their 
work, filters should sterilise the water — that is, they 
should free the water from all pathogenic organisms. 
Animal charcoal does not effect this; moreover, it 
adds to the water certain substances, phosphates and 
nitrates, which favour the growth and development 
of organisms. Its use should be discontinued in 
favour of the Pasteur-Chamberland or Berkefeld 
filter. 

Animal Oils. See Oils. 

Animal Refttse. See Waste Pbodvctb. 

Animals, Hybrid (Myth.) A compound animal 
made up from two or more species — e.g. a Centaub 
('/•"••) 

Animation (Art). The touch of vivid life which a 
clever artist imparts to his pictures. 

Animated. 

Anime. A resin which exudes •from a tree, called 
in the W edt Indies Leevst Tree, It proiiuces a fine 
vam|.sh. 

Anion (Elect.) A free atom, or group of atoms, 
in a solution, which travels towards the anode (q.v.) 
when the solution is subject to electrolysis. Thus, in 
a solution of a metallic salt, the group of elements 
left when the metallic element is taken away is t\\e 
anion ; e.y, in a solution of copper sulphate the anion 
is SO^. 

Anise. Pmpinella annum (order, TJmhellifertp), 
The dried fruit.s form the ani.»*eed used in pharmacy 
and as a flavouring agent. Oil of anise is distilled 
from the fruit. 

Ankle Action (Cycles). The use of the ankle joint 
so that the foot acts on the pedal during a greater 
part of the downstroke, the pedal being, as it were, 

“ clawed ” round. 

Anklet (Archceol.) An ankle ring of precious 
metal worn :is an ornament by ancient races and by 
females of some Eastern races of tbe present day. 

Annabergite (Min.) A hydrous arseniate of 
nickel, . SH^O. Monoclinic ; occurring in 

capillary ^crystals, or as a pulverulent coating of 
Kupfernickel, from which it arises by decomposition ,• 
also colouring Kaolin in the proximity of nickel 
\ein8. Cornwall, Kirkcudbrightshire, Linlithgow- 
shire, Annaherg in Saxony, the Harz, Thuringia, 
Sweden, etc. 

Annatto. Eij‘a orellana (order. Eincacece). Annatto, 
or arnotto, is an orange dye obtained from the testa 
of the seed by soaking in water. It is used in var- 
nishes, silk dyeing, colouring cheese and butter, etc. 

Annealing. Tlie process of strengthening a 
material by allowing it to cool slowly after beating. 
Mot.*ils, after much hammering or repeated shocks. 
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become brittle, and their toughnes^can generally be 
restored by annealing. Similarly glass, after being 
worked in a hot state, is very brittle, and requires 
annealing. 

• Jbinodated (Her.) Curved in the form of the 
letter S« 

Annual Equation (Aetro7i.) Fluctuations in the 
motion of the sun between perigee and apogee (g.v.) 

Annual Rin^ (Botany). The circular marks seen 
in the cross section of a tree trunk, which show the 
amount of wood fbrmed yearly, and also, therefore, 
the age of the tree. 

Annular. Bing shaped. 

Annular Gearing Tooth wlieels, one of 

which has teeth on the inner side of the rim. 

Annular Vault (Building). A vault having its 
abutments circular on plan. 

Annulatedy Annuly (Her.) A charge with an 
annulet or ring at each end, 

Annulet (Architect.) A small fillet, the horizontal 
section of which is circular. There axe usually from 
three to five annulets under the echinus or ovolo of a 
Doric capital. See DORIC and Column, 

(Buildififf). A ring or fillet round a column. 

(Her.) A plain ring which occurs as a 

charge, or on the shield of the fifth son as a mark of 
difference. 

Anode (Elect.) The conductor or electrode by 
which a current enters a liquid. 

* Anomalistic Tear (Astrort.) The period of the 
revolution of the sun from perigee to perigee again, 

Anorthic (Min.) One of the crystallographic 
systems (q.v.) in which there are three axes, all 
unequal and ^ inclined to one another at the origin 
at an angle other than a right angle Also called 
the Triclinic system. It has no plane of symmetry. 

Anorthite (Mhi.) A somewhat rare rock-forming 
silicate, constituting a lime felspar. The chief mode 
of occurrence is that of one of the constituents (along 
witba]bite)of theintermediate types of thelMagioclahc 
felspars. It occas i on y.lly occurs a s a separate mineral, 
most generally in connection with tlie blocks of meta- 
morphosed limestone formerly ejectc<l from Vesuvius, 
and now to be obtained on Monte Somma. 

Answer (Mmic). The response to the subject of a 
fugue. 

AntUy pi. Anise [Architect.) A pilaster used in 
Greek and Roman architecture as a finish to the side 
wall of a temple when it projected beyond the end 
wall. The capital and base of a Greek anta were 
always different from those of the columns used in 
conjunc.tion with it. A temple is said to be “ Ik 
Antis” when its porch is formed by the projection of 
the side walls with two or more columns between 
them. This differs from a “ Peostylb,^ temple, as in 
the latter the columns are placed in front of the 
antm. See Cell, Amfhiantib, AMPHirndsTYLE, 
Prostyle, and Distyle. 

Antarctio Circle (Aetron.) See Arctic Circle. 

AnteflxflB (Architect.) Ornamental blocks, either 
of marble or terra-cotta, fixed along the eaves of a 
Greek building to cover the joints of the tiles. 

Antependium (Dec.) Literally, anything hanging 
before the altar, now termed the frontal ; generally 
an embroidered cloth. 


Anthemion (Arehiteot.) The honeysuckle orna- 
ment as used in Greek architecture, principally as 
an enrichment on a cyma-recta [q,v.) 


Anthracene. Obtained from that part of 
tar which distils 
above 270°—“ anthra- 
cene oil” — by a pro- 
cess too elaborate to 
be given here. It 
can be obtained syn- 
thetically— from 
benzene, acetylene 
tetrabromicie,C^>lIyTlr,, 
and aluminium chlo- 
ride. It is a wliite 
crjstfilline solid, showing a bine tluorescence ; melts 
at 213°. It is the parent substance of a large 
numbCT of iinpoi t.ant dye.s {nee AnthraquinonE 
Alizarin). See ahn Gas Manufacture, and> Dyes 
AND Dyeing. 



Anthuai Exf;. 


Anthracite. Hard coal, very rich in casbon, 
burning with an intense heat and little smoke; 
much used in steamships. Sec aUo Coal. 
Anthranilic Acid (O-atnidobenzoic crid). 


cv,n, < 
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A white crystalline solid which melts at 145° ; sweet 
tsiste. Obtained from indigo by the action of cauNtic 
potash. Used in the synthe8i> of luTidinc' and quino- 
line derivatives, and now esjiecially in the imqjfira- 
tion of pure artificial indigo, for whicli purj^ose it 
obtiiined cheaply from naphthalene (q.v.) See ahn 
PHTHAI.IC Agio and Indigo. 


Anthrapurpurin. Str Dyes and Dyking. 

Anthraquinone Cry^iallises in jelluw nccdU-s 
which melt at it 

is produced by oxidising TH CO CH* 

anthracene with chro- ^ x 

mic acid. Anthracene 
is formed from it by 
heating with zinc dust 
and ammonia. When ^ 
anthracene is heated HC\ 
with fuming suliihuric 
acid, it gives jS-aiitbia- 
quinone sulphonic acid 
— that is, the group SOAUl rojilaces the Hat in the 
above formula. Sf*e Alizarin. 
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Anthropomorphism (Myth.) The representation 
of a g<‘d in the form of a man or woman. 

Antichlor ((he»i.) A substance used for removing 
the last traces of chlorine from materials which have 
been bleached by its means. The sodium sulphites 
and sodium thiosulphate are used as antichlors. 

Anticlinal (heol.) IIic sedimentary rocks com- 
posing the earth’s crust have usually bectr dexioMted 
in horizontal layers piled one upon another. In some 
cases these have been left undisturbed, but in others 
the pile has been subjected to lateral thrusts which 
have bent the rocks into folds. It is convenient to 
distinguish the.se as downfolds or synclinals, and 
upfol^s or anticlinal s 

Anticyclone (Mefeor.) An area of high atmo- 
spheric ijressure— one over which the barometer 
is high. Koimd this area the winds, observed from 
above, appear to be blowing in a clockwise 
direction. 


Antifebrin. S('e Acetanilide, 

Anti-Fouling Compositions. Substances used to 
prevent marine growths on the bottoms of ships. 
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Thejr are very numerous; one is composed of zinc 
dust and mercuric oxide m^e into a paint. — Hannay. 

Aiiti*FFictioii BearingB (A%.) The bearing or 
support of an axle in which friction is diminished by 
allowingthe axle to rest on wheels, 'rollers, or spherical 
balls which can revolve. The ball bearings of cycles 
are a common example. Sec Cycles. 

Anti-^lncFuatatoPS (^Eng.') Substances used to 
prevent the formation of scale in boilers. Paraffin 
oil, peat, potatoes, and many other substances serve 
the purpose. 

Antimonite {Min.) A synonym for Stibnite {q.v.) 

Antimongf'. This elomei^ occurs native as a tin 
white to dark grey lamellateu or inammillated mineral; 
very brittle. It occurs in combinaticm in Stibnite, 
Jamesonite, Boumonite, Kermesite, Valentinite, 
Senarmontite, etc. ('/.»».) tt occurs nativti at 
AUemont in France, in the Harz, in Bohemia, 
Sweden, Borneo, Canada, New York, etc. It is a 
metal of atomic weight 120, crystalline, brittle, 
easily oxidised; unacted on by hydroclilorio acid. 
Hut strong sulphuric acid forms the sulphate 
SK/SOj% and sulphur dioxide ; nitric acid forms the 
pentoxide SUX),,. Tlie metal is obtained by heating 
the naturally occurring sulphide (stibnite) with iron 
and refining the product. It is used in making a 
number of alloys -c.//. tj'jjc metal lead, 70 ; antimony, 
IS; till, 10; copper, 2. 

Antimony Compounds. Oxides, vShgOj, 

Sb.^O^. Tlie trioxble Sb.pj^bost pre|mred bv adding 
water to solution of the tricUIoiido and through 
washing of the precipitate of oxychloride, is used 
Hi making tartar emetic. Sb.p^ is formed when 
either of the other oxides is boated in air. Sb /)5 {ttee 
\NTIM0NY). 'I’KICHLOIITDE, SbCl,, formed by heat- 
ing the sulphide with strong hydrocldoric acid and 
('Viif>orating to dryness, is a soft solid known as 
“butter of antimony*’; mixed with olive oil, it is 
used in “bronzing*' aiticles sucl> as gun barrels. 
PENTACiiLOitiDE, .SbCl,. a lnjuid obtained bj- action 
of chhirine on autimon\, sor\es as a chlorine carrier. 


SULi'HlDE, Sb-jS^: the natural variety is black and 
cnstall*uc; the artificial variety, formed by passing 
sulphuretted hydnigen into solution ot the chloride, 
is orange and amorpliou*. ; .soluble in hot strong 
hydrochloric acid, forming the trichloride and 
sulphuretted hydrogen; sob blc in alkalis and 
alkaline sulphides. Used in making safety matches 
and in jiyrotechiiy. 

Antimony Glance (.I/m.) A synonym for fSTiBXiTB 
{q.v.) 

Antiplastic (Pe/.) Anything added to jiaste — i.e, 
prepared clay — to reduce its plasticity. 

Anti-Ppiioing Pipe (A>/y.) A pipe which collects 
the steam from the top of a boiler and conveys it to 
the engine. It has a closed end, which is pierced with 
small holes ; the object is to in*e\ ent Hue spray (drops 
of water) from being carried over into the cylinder. 

AntipyFlne. Forms shining IcafJets, soluble in 
wate.r and alcohol ; melts 
at 114°; a monaoid base. ac-N- 
Formed by heating the ^ |ll t 

product of the reaction 
between ethylacetoai.-e- 
tate (q.v.) and phenylhy- 
draziue (^.r.) with mctliyl 
iodide. Usedin medim'ne U (J-C * 
as an antipyretic (lower- 
ing the temperature) ; it 
depresses the heart. 
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Antiqnaille {Prench), Contemptuous term for 
antiquities of litrie importance. 

AntiqaaFian. The name given to dzawihg-paper 
of size 53 x 51 in. 

Antiquary. One who is devoted to archseology 
(q.v. ), now generally termed an arcbsBOlogist. Also 
applied to a dealer in curiosities. 

Antique. In art, applied to ancient Greek and 
Bomau works of art, especially those of the best and 
purest style. A course of drawing from the antique 
generally precedes drawing from- the living model. 
A dealer in antiques is one who sells smaller relics 
of antiquity, as gems, etc. 

( Typog.) Type in wliich all the lines of the 

face are of uniform thickness. 

Antiquities. Eemains or relics of ancient times, 
including monuments, arms, ornaments, customs, etc. 

Antiseptics. Substances which prevent or arrest 
putrefaction by stopping the growth or destroying 
the organisms which induce it. Some of the most 
important aie: mercuric chloride (1 in 1,000), 
carbolic acid, iodoform, chlorine, hypochlorous acid, 
boric acid, creosote, fonnaMehyde, etc. Antiseptics 
are frequently addeil to foods and to many organic 
materials used in the arts, e.y. size, for preventing 
mildew. 

Anti-Syphonage Pipe (Plumh.') A pipe fixed to 
the top of traps to prevent the water seal (^'.«>.) being 
sucked out. 

Anvil. The heavy block of wrought iron faced 
with hard steel on which metal work is hammered. 
Anvils range from the size used by watchmakei’s 
up to the huge masses, built up of many pieces, 
which form the support for forgingsunder the steam 
hamTiier. The name is also applied to pfirts of 
various machines. 

Anvil Cutter or Chisel {Eng.) A short chisel, 
fixed by a shank into a hole in the anvil, across 
wdiich a bar can be laid and cut by blows on the 
upper surface. 

Aorta {Biology), The main arterial trunk given 
off from the heart. 

A.P. {Tgpog.) These letters stand for “author’s 
proof.” 

Apatite {Min.) A i)hosphate and chloride of 
calcium occurring in various shades of grey, green, 
and blue, granular or crystallised in hexagonal 
pri.sms. Composition ; 3(Ga^l\,OQ) . CaCl.^ . ; lime — 
48*43, phosphoric acid = 40*92, calcium chloride = 
10*65 per cent. In some varieties fluorine replaces the 
chlorine. From Spain, Cornwall, Cumberland, United 
States, etc. COPBOLTTB is an impure variety of 
organic origin. 

ApeFture {Photo.) The area of the “stop” or 
opening through which the beam of light produced 
by the lens must pass. Decreasing the aperture 
diminishes the amount of light falling on the plate, 
and increases the time of exposure necessary, but it 
makes the image more sharp. 

Apex. (1) The point or corner of a geometrical 
figure ; (2) the summit of au object ; (3) in mining, 
the part of a mineral vein which is nearest to the 
surface of the ground. 

Apex Stone {Building). The stone at the top of 
a gable. 
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Aphelion The position of the earth 

when farthest from the sun — i,e, when the sun is 
at apogee. This oocnrs on the 1st of July, When 
the earth is nearest to the sun it is said to be in 
Fbbbblion, and the sun is said to lie in Pebigeb. 
The diameter of the eartb*8 orbit drawn between 
these two positions is termed the Apbe Line. 

Jl Plaoeve (Muttcy At pleasure. 

Aplite or Haplite {Geol,) A tiTm now applied 
to a rock of eruptive origin which has been formed 
at a late period m the consolidation of an eruptive 
mas8> usually one of pliitonic origin. It i-epresents 
the products of the magma, which were the last to 
consolidate, and which have filled cracks or other 
divisional planes in the cooling and contracting 
m^s. Its constituents, in all cases, are of more 
acid composition than the mass in which it occurs. 
As examples, granite aplite, syenite aplite, diorite 
apltte, galbro aplite, etc. 

Aplome (J/ia.) An iron calcium orthosilicatp/ 
one of .the Garnet group. It is cubic, of deep brown^ 
yellowish, or yellow green colour; h<ardness more 
than 7. Localities are the River Lena in Siberia,.^ 
Ala in Piedmont, and Schwarzenberg in Saxony. ^ 

Aplustre. The stern 0f Greek and Roman galleys 
was continued upwanls and shaped 
into an ornament so called. Used 
as an emblem of victory. 

A Poeo a Poco (J!/?w/c). By 
degrees. 

Apogee (Astron,) The position of 
the sun, relative to the earth, when 
the distance between tliem has its 
greatest value. JS^e also Apse. 

Apollinaris Water. An alkaline 
spring water containing a large 
amount of sodium bicarbonate and 
smaller amounts of sodium chloride, 
pota.^6ium sulphate, and the bicarbonates of mag- 
nesium, calcium, and iron ; it also contains dissolved 
carbonic acid. 

Apollo. In Greek and Roman mythology the son 
of Zeus (Jupiter) and Leto (l.atoiui), Apollo Bel- 
VlDEBE, a statue of Apollo in the Bebidere (Jallery at 
the Vatican, esteemed one of the finest representa- 
tions of the human figure extant. 

Apophyge (ArcHteot.) That part of a column 
between the ^cylindrical part of the shaft and the 
fillet of the base or of the necking. It is usually a 
cavetto, and is also known as the Oo 27 GE. )Sc'o 
OOLUMK. 

Ajpophyllite (AT/^.) A tetragonal zeolite, colour- 
less to greyish, often transparent. Composition; 

. 8CaO. IGBiO, . IBH^O : silica = 65-5, . lime = 23, 
potash -• 4-8, water «■ 16*7 per cent. It often occurs 
in volcanic rocks with stilbite and other zeolites. 
Near Edinburgh, Talisku, Old^ Kilpatrick, Raith, in 
India at the Boorghat railway cutting, Greenland, 
Iceland, Norway, and Sweden. 

Apostrophe (Typog:) The sign which marks the 
omission of a letter or letters ; thus, ne'er for never ; 
ccenH for oaimot. In modern English it also indicates 
the possessive (genitive) case, d.y. the boy^slcAt, 

AMtheosie. Elevation of a mortal to divine rank. 
In the case of Roman emperors this was effected by 
burning an effigy of the deceased ; and as the fire 


asoended, an eagle was let loose, which was supposed 
to bear the soul aloft. There are in existence nume- 
rous representations of the ceremony in the form of 
me^B, etc. 

Appareli ( Cost,') Richly embroidered cloth sewn 
on to the wrists of the alb and on the front and back 
of the lower edge ; also on the amice. By some these 
five were considered to represent the five wounds of 
Christ. SeeX'LBi Amice. 

Appassionata (ATf^^ic). ImpasFioned. 

Appaumee {Her.) The open hand with pahn 
exp<.)sed to view. 

Appearing (J^ypog,) A term used to«express the 
len^h of the piinted matter on a page, exclusive of 
whiteline. 

Apple {Butam). Bruntts malus (order, Itosaceio), 
The well known fruit. In addition to its use for 
eating purposes, cider is made extensively from it in 
the west of England, Normandy, <‘tc. In'mythology, 
the (xolden Apple, Apple of Digeord, and other meta- 
phorical references to the apple occur. 

Apple Wood. See Woods. * 

Applique. Ornament lai 1 on or let into material ; 
used of moral, wood, or textile fabrics. 

Appoggiatura (Music). A leaning note. In per- 
fornjiince it takes its value from the principal note 
which it adorns - viz, one half — itoless tl«e principal 
note i.s*dotted, when it takes two-tlfirds of the value. 

Approximation. A result or answer '' of some 
calculation or nKiusurernent which, though not actually 
correct, is near enough for the purpose required. 
Of great value in checking the correctness of a 
calculation. 

Apricot. Prunus arnmiiaca (order, Pvsucm^, 
The tree is <‘ultxvated for its fruir. The liqueur 
dv Hoycaux is distilled from the seeds. 

Apron (Cavj).) A fiat lining or covering used to 
}>rotect j^)arls of the structure underneath, especially 
the inside woodwork under «'i window, 

(Png.) The vertical iront part of a screw- 
cutting slide rest ; also applied to otlier machfae tools. 

(Poper Mamtfac.) A flexible rubber cloth 

used for guiding the pulp on to the machine wire. 

(Plmnh,) The horizontal flashing (q,v,) of a 

dormer, etc. 

Apse (Atchiteci.) A projecting • portion of a 
building, semicircular or pohgouul in plan ; particu- 
larly applied to sucli a 
projection forming a 
termination to the choir, 
aisle, transept, or nave of 
a church. Sec Basilica. 

(Astr/m,) The 

points on the sun’s orbit 
at which it is either 
nearest to the earth 
(perigee) or farthest 
away(apogee). Tlieline 
joining the two apses is 
called the Apse Line. 

Apse Line (Astron.) 

Sec Apse (Aetron.) 

A Ponta d'Apco 

(Music). With the 
point of the bow. 

Aqum Manails, The basin or dish in which the 
priest wa.*:theB his fingers at celebration. 




Apse, Romsey Church, Uarivl 
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FortiB, W«ak nitric acid used by etchers. 
The nhme whs once universally used by ch^ists for. 
nitric acid, whether dilate or not. 

JL^inainavine The pale blue green variety 

uf B&BTL ( 47 .e ) Aquamarine is cut as a gem^ 

Aqua Re^a. A mixture of 3 volumes of hydro- 
ciUoric acid and 1 volume of nitric acid. The mhrture 
gives oft chlorine and another gas called nitrosyl 
chloride, thus: HNO, + 3HC1 « 2H,0 + NOCl + Cl^. 
Called aqua regia by the alchemists because of its 
power of dissolving gold ; the solution of the gold 
is effected by the chlorine which forms chloride of 
gold, a substance very soluble in water. 

Aqnarellff (^Paint,) A minting executed with 
Chinese ink and very thin water colours. 

Aquatint. See ENGBAviNa and Etching. 

Aqueduct. A conduit for conve>’ihg water from 
one place to another, extensively used by the Romans. 
Many of them still remain on the Continent, such as 
thatjat Segovia in Spain, The Claudian aqueduct, 
built A.D. 50. can still be traced. Ancient aqueducts 
were open at the top, and were built, at a uniform 
gi’adient or slope, hence they were carried over 
valleys on lofty arches. 

Aqueous Rocks. Rocks which have been formed 
by tlic direct action of water, as distinguished from 
rocks due to volcanic action, to the action of ice, 
to that of the wind, nr to plutonic causes. 

Arabesque. Orn.ament consisting of foliage, fanci- 
ful figures, flowers, fruit, etc., formed into scrollwork 
in flowing lines, cither painted, inlaid, or executed 
in low relief. In Moorish 
arabesque or Merettqm 
no animated life is de- 
picted, being prohibited 
by tlieir religion ; but 
in tlse Renaissance work 
the lininan figure (or 
portions of the human 
figure), as well as animals, 
arc in troduoed, r{.ai>haers 
arabesques on the log- 
gia of She Vatican are 
notable examples of the combinntion of allegory 
with ornament. 



Ababesquis, from Italian 
Majolica. 


Arabinose, CH*OH . CHOH . CHOU . CHOH . CHO. 
A sugar otuined by tn*aling gum arabic or cherry 
tree gum w'ith dilute sulphuric acid. It is crystalline, 
melts d^t 160®, and is dextrorotatory ; not fermented 
by yeast. In other respects its reactions are like 
those of a sugar. 

ArsBOStyle {Architect J) The name given to the 
spacing of columns in a Grecian temple when the 
space between the columns is equal to three and a 
half times the lower diameter of the shaft. See 
Ptcnostyle, Systylb, Eustylb, Diastylb, tmd 
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ArB^onite {Min,) Calcium carbonate in the 
rhombic form {»ee Calcitb). Occurs in crystals, often 
twinned, and in fibrous and massive forms. Colour, 
when pure, white, but often coloured grey or green. 
Distinguished from calcite by its superior hardness 
and lack of cleavage. Composition : lime » 56, carbonic 
acids* 44 per cent. Occar ;5 often in association with 
iron ores, also in vapour cavities in lavas. 

Arbalest^ Apballst, Arblast; aUo Arcubalist 

From the Latin bow, and hallieta, an engine 

for . throwing. A crossbow, especially those with 
mechanism for drawing the bowstring. 


AYbov. The cylindrioBl axis of various par^s eff a 
timepiece — as BaBbbl Abbob, FubBB ABSOpa, 
Cbntbb Abbob. etc. 

ArbYoath Fla^. The grey micaceous Bags 
underlie the volcanic rocks of the SidlaW Hills, and 
which form part of the lower divirion of CMo- 
donian (or ** Lower Old Bed Sandstone. Tjhey are 
largely"' quarried for paving stones as well as for 
building purposes It is mainly in this sub-divkiim . 
of the Scottish rocks of Devonian age that the 
remains of Pterygotus and of other allied Burypterids 
have been found. Its relations to the rocks next 
beneath are not seen. 

Arc. A part of the circamferenoe of a circle; 
more generally a part of any curve. 

Arcade {Architect.') A series of arches springing 
from pillars or columns, and used either for stTUctnrsS 
purposes or as a decorative treatment of a wall 
surface. 



Semicihcuj.ar Arch. 


V Arch. A curved structure built of separate blocks 
eSnying the weight of a portion of a building over 
open space. Ii therefore serves the same purpose 
as a beam {q.v.). but it does not require the use of 
one large piece of material the full width of the 
opening or span, and is consequently adapted to 
pure masonry work. The l^rms used with respect 
to arches will be readily 
understood by a re- 
ference to figure, which 
sliows an elevation of 
one of the simplest 
forms, the semicircular 
arch. The line ab is 
termed the SPRINGING 
Line, and its length the 
SPAN. The point c is 
the Crown or Vebtbx, and the height CD is the Risb. 
The inner curved line ACB is the Intbados, the outer 
curved line the Extbadob. The separate stones V, v 
are the Votjssoibs, the central stone K being termed 
the Keystone, and the lowest ones at a and B the 
Springers.” The masonry which supports the arch 
on the two sides has various names ; when it conrists 
of vertical columns, the latter are called Fierb ; if 
they have to resist an oblique thrust, as in most 
bridges, they arc usually termed Abutments ; if the 
arch rests on simple vertical wails, they are termed 
Bearing Walls. The two halves AC and bc are 
termed the Flanks or Haunches. Besides being 
made in the form of an arc of a circle, arches are 
also built to various curves, such a» the ellipse, 
parabola, hyperbola, and catenary; and they are 
alsr^ made with a pointed top for decorative purposes 
where great strength is not necessary. Among the 
latter are the Horseshoe Arch (Arabian work), Pointed 
(Middle Ages), I.ancet (Gothic and Early English), 
Equilateral (Decorated), Ogee (Later Decorated), 
Segmental and Tudor (Debased Gothic). From the 
constructional point of view, arches are also classified 
as Plain, when made gf unaltered bricks ; Gauged, 
when the bricks are accurately cut or rubbed to form 
the voussoirs ; Axed or Rough Abches, when the 
brieJes are roughly cut to the shape required. A 
Skbw Arch is one which crosses a road, etc., at 
an angle : its plan is a rhombus or rhomboid, and 
the abutments must be cut stepwise to take the 
oblique thrust. 


Arohmn Rocks CGeoh) A term nsncdly applied 
to the whole of the vast assemblage of rocks which 
are older than those of Cambrian age. It mdudes 


ABX: 


24 


ABC 


the I^wisian gneiss and the ancient sediments 
associated ^ith that complex mass. It probably 
includes also the greater part of the metamorphic 
schists which form the Sottish Hiefhlanda. The 
Arohsean rocks of Britain are too varied in character 
to be adequately described in a short paragraph. 
The chief common charactehstic lies in the fact that 
most of their structures are due to dynamic causes, 

ArchOBOlogy. The systematic study of all that 
appertains to past times, especially the remaius and 
monuments of the prehistoric peiiod. 

Archaic. Pertaining to archaism. 

Archaism. An imitation of what i< old or obso- 
lete, consequently out of character with its modern 
surroundings. 

Archimedean Drill A small drill wliose 

stock ioonsists of a coarse screw thread, carrying 
a nut. By sliding the nut up and down, an alter- 
nating rotary motion is given to the drill. The drill 
must therefore be specially ground, 

Archimedes* Principle {Phyncti). A solid im- 
mersed in ii fluid experiences an upward force <*qual 
to the weight of the fluid displaced ; the solid there- 
fore appears to lose weight to an amount exacth 
equal to the weight of its own vt)luMio of the fluid. 

Architectural Work in Photography. A lens 
is u.sed which gives all lines as straight as possible; 
this requires some form of *■ doublet ” lens ((/.r.) 

Architecture. The art of designing and construct- 
ing useful and beautiful buildings. It is generalh 
divided into Civil (dealing with houses, bridges, 
and other buildings of ordinary utility ), Eccle.^^ias- 
TICAL (churches), Naval (ships), ^Iijatauy (forti- 
fications). 

Architecture, Orders of. An arci.iiccturul com- 
position consisting of a column, with or without, 
a pedestal, and with an entablature, is known as 
an order. Each of these throe divisions of an order 
is again divided into three parts : the pedestal, con- 
sisting of a base, a die or dtuio, and a cornice or 
surbase; tlie column, of a base (excepting in the ca.se 
of the Greek Doric), shafl, and capital ; and the 
entablature, of an architrave, frieze, and cornice. 
There are three Grecian orders : tljc Dori \ the lonit:, 
and the Corinthian. The llouians used these orders 
with various mofl ideations, and ft Iso two varieties of 
the Doric and Corinthian, kno\Mi as Tuscan ami 
Composite respectively. Pedestals were introduced 
by the Homans with the object of increasing the total 
height of thetordcr without alterfng the other dimen- 
Bions (jtee Greek Abcititecture, Komak Architec- 
ture, Pedestal).— The Doric Order (^sve Ulv.it- 
tratiim vndcr Doric) is the earliest and most severe 
of the orders used by the Greek.s. The chief buildings 
in- which it is used are the Temple of Corintli 
(B.C. 650), the Temple of Theseus at Athen.s (B.c. 
405), the Parthenon at Athens (B.c. 438), and the 
l^ropylcea at Athens (b.c. 437-2). The latter is 
partly Doric and .partly lonic^ The column has n<» 
base, the shaft resting directly on the stylobate 
ig.v.) The shaft usually has twenty elliptical flutes 
meeting in arrises, and is w'orked* to a very sliglit 
Entasis, the curvature in the case of the Parthenon 
shafts being about half an inch in a length of 31 ft. 
The upper diameter of the shaft is about four-fifths 
of the lower diameter. The height of the column 
vaxieB from 4J to 7, but is usually 6 times the 
lower diameter; the <‘.oluilins of the Parthenon are 
diameters in height. The capital is one of the 


most beautiful features of the order. Its height is 
usually equal to about half a lower diameter, and it 
consists of a neck separated from the shaft by a fine 
groove, a delicately moulded ecliinus with three to 
five fiuc armulets, and a perfectly plain abacus {i^ec 
Ulust ration under ABACUS). The height of the enta- 
blature is equal to about twice the lower diameter of 
the shaft, the cornice being about tw’o-thirds the 
height of either the architrave or the frieze, and its 
projection being equal to about 1 module or half a 
lower diameter. The frieze is the most striking divi- 
sion of the entablature, consisting of square panels 
or metopes (//.r.) frequently carveti, separated by the 
triglyphs, whicli are the constructive pfirts of the 
frieze. The face of caclftriglyph sluiwa two vertical 
grooves and two chamfers or half grooves at the 
edges, the stop of the grooves at tiie top being 
usually curved {»ee Triulyph). The bund over the 
triglvph, known as its capital, has a mu(‘h slighter 
projectu'n than in the Homan examples. A trigly])li 
occurs over each column vvitli the exception o(j, the 
end one, tlic triglyph in this case being phu’.ed at 
the end of the frieze. Tljcrc is usually one triglyph 
over the space between any two coliunns, but occta- 
sioiially the intercohimnintion is inc'-n^ased so as to 
allow of two triglyphs in this position. Alfliough 
the end triglyph is not jflaceil over the centre of the 
end column, the two metopes nearest tlie tsnd of the 
frieze are little, if any. larger than the otliers, as 
the entl inlorcolnmniatiou is reduced. The arcLii- 
tra VC projects slightly ])e>on<l the face of the shaft, 
and is very plain, having niendy a tenia on its upper 
edge and a row of guttje under each triglyph. It 
should be noted th«at the fillet over the giittir and 
under the tenia, known as the capital of the gut tic, 
is mthor deep, and that the guttaj arc veiy short, the 
reverse being the case in Homan examples (/hr ///wjv- 
irtiiion, .src under GuTTiE). The cornice consists^pf a 
coioua, on the .sloping soffit of which is a series of 
mntnJc.'* each rnutule having three rows of 

guttm on its undoiside, and a siinj>Ie bed moulding. 
The crowning member of the ‘^ornic'O is usually an 
ovolo. In the Doric order of tlie I’arthenon great 
care was taken to counteraiit o)>tical illusioij^s. The 
entasis of the shafts is ju.st .sufiicient to prevent the 
ap]:»earance of hollov. ne.ss which would be given by 
a simple conical form. An appearance of strength 
is imparted to the angles by reducing the end inter- 
columniation, and for similar reasons all the columns 
lean slightly inwards, and the stylobate and enta- 
blature are slightly raised in the centre. It shotld be 
noted that the effect of G n ek Doric temples depended 
to a consideTable extent on the cr^lour decoration of 
their varioii.s parts. — The Homan Doric Order (see 
illmtrat 'um under CIolumn) varies very considembly 
from that used by the Greeks. The column is usually 
8 diameters in height, and has a base generally 
1 module in height. The .shaft is frequently not 
fluted, and its upper diameter is four- fifths or five- 
sixths the lower diameter. When the shaft is 
flutecl, the flutes are semicircular in plan, and are 
separated by fillets. The capital is much less re- 
fined than that of the Greek Doric order. The 
necking consists of an astragal with a fillet and 
cong<i under, instead of the groove in the Greek 
Doric. The ovolo of the capital is a quarter circle, 
the annulets are rectangular fillets, and the abacus 
is crowned with a cyniatium. The entablature (^.r.)» 
like that of the Greek Doric, is 2 diameters in 
height, but the height of the architrave is reduced 
to about 1 module, the frieze — about 1| modules in 
height— being made the largest member of the 
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entablatare. The architrave does not i>roject be- 
yond the lace of the shaft, but is in the same face as 
the neck of the capital. The end triglyph is always 
placed over the centre of the end column ; the stop 
at the top o£ each groove or gl>’ph is angular ; the 
capital of the 1 riglyph has a larger projection than 
in the Greek order ; the giittaa on the arofiitrave are 
longer than the Greek gultge, but tlie capital of the 
guttse is reduced in depth. Mutules are never used 
over the metopes, and are sometimes omitted alto- 
gether, and a dentil course substituted. The crown- 
ing member of the cornice is citlier a cavetto or a 
cynia-rccta, instead of the ovolo us(*d in the Greek 
Boric orderj»—THK Gbeiiik Ionic Oudeb ( seeillvstra - 
tUm tindffr IONIC and A'OLuTB) is tl)e second one 
used by the Greeks. Its proportions are more slender 
than those of the Greek Boric, and the mouldings 
arc profusely enriched, carving taking the i»lacc of the 
colour d€*coratioii used with the Doric. The princi- 
pal buildings in \v!ii(;h it occurs arc: "I'he Tcrnjde on 
the Jlissus at Athens {n.c. 4H4) ; the Temple of Nikt> 
Apteros at Athens (u.c. 4(19) ; the Bropylaia at Athens 
— internal columns Th.c. 4: 17-2) ; the Temple of 
A])ollo Kpicurius at rhigalica-“intcrnal columns 
(B.C. 4;»0); the Krecthenm at Atliciis (u.c. 179-08); 
the Temple of Biana at Kphesus (bc. HHO) ; the 
Temple of Alinerva I'olias nt I’rienc (B.C. 320). The 
details of the various Gjcck example.^ of the Ionic 
order vary mut'h more than tliose of the Doric, but 
the folio v\ing notes are of general application. The 
column consists of a shaft having twenty- four flutes, 
separated by fillets and descending into the conge ; 
a base, lu^ually richly moulded and generally of the 
Attic form, somotimes with and sometimes without 
a iilinth ; and a voluted capital. This capital oon- 
sist.s of an enriched bead jind echinus, botii circular 
on plan, with a eusliion-likc feature above, tlic front 
aiuL back faces of wdiicli iii*e i>:irallel to the wall of 
the temple. Each of these face^ con^sis of a baud 
terminating at each end in a volute. Tiie projection 
of tlie echinus in front of tliis bui.d is one of tlie two 
weak poiiit.s in the design, the oilier being the difii- 
culty which aiise.s in the capital of a column at the 
angle oJa building, the angle capital ha\ing adouble 
face and the volute between the tw'o face.s being 
arranged at an angle of 45*^. The abacus is much 
thinner than lliat used in the Doric order, aiul, unlike 
the latter, is moulded. The column varies from 8 to 
9 diameters in height, the latter figure being the most 
usual proj lortion. I’lio height s of the base and capital 
are afiout tlirecquarters of a module and 1-^ modules 
respecti velj’ ; tlie tojidiainel er of the shaft is about If 
moiiule^. Tile entablature is generally 2 diameters 
in height, and the three divisions of it are about 
equal. The architrave usually has three fascias, 
each of the upper two of which projects slightly 
be.vond the one beneath it, and is finished with a 
deiicate cymatium. The frieze is either quite plain 
or is sculptured in relief. 1’he cornice usually ha> a 
dentil course below the corona, and the latter is 
generally finished with an enriched cyma-recta. — 
Thk UoMAit Ionic Order: There is not so .nuch 
difference between the Greek and Homan examples 
of this as there is between those of the Doric and 
Corinthian orders. Like the Doric order, however, 
it was little used by the Ituiiians. In the Koman 
Ionic order the column is 9 diameters in height, the 
shaft being either plain or fluted. The base is usually 
of the Attic form, and always lias a plinth. The 
capital is often ma<Ie with angle volutes, the four 
faces being similar, and the abacus concave on plan. 
When this is done, the scrolls spring out of the 


echinus, and do not form an integral part of the 
capital, as in the Greek order. The entablature cities 
not differ much from that of the Greek Ionic, with 
the exception, of course, of the detail of the mouldings 
and their enrichments.— -The Greek COElNTHiAJt 
Order: The Corinthian order was little used by 
the Greeks, the principal examples being the Choragic 
monument of Lysicrates at Athens (b.c. 335) and the 
Tower of the Winds at Athens (b.c. 1()0-35). The 
shaft and base are only sliglitly different from those 
used in the Greek Ionic order, but the shaft is 
generally 10 diameters in height. The CorintI ian 
order at the Tower of the Winds has no base, and 
there is no pfintU to the base of the other example 
mentioned. The capital is again the most distinctive 
feature of the order, and in the case of the Choragic 
monument of Lysicrates is 11 diameters in height, 
and consist*^ of a bell-shaped core, the lower part of 
which is clothed with a conventional treatment of 
the acanthus leaf, the upper part having a small 
volute at each of the four angles witli honeysuckle 
ornament between, and a moulded abacus with con- 
cave faces.— The Homan CJokinthian Order (Jtfie 
Hlustratimi undvr Corinthian). The Corinthian 
order was more fully developed by the Homans, and 
was the one principally used by them. The column 
varies *from At} to lOJ diameters in height, and 
generally has a b.ase resembling the Attic. The 
.shaft is generally fluted, but sometimes the upper- 
part is fluted and the lower part plain. The capital, 
about diameters in height, is richly carved, even 
the mouldings of the abacus being enriched in some 
cases. It consists of two tiers of acanthus leaves at 
the base of the bell, four pairs of large volutes sup- 
porting the angle of the abacus, and four paii-s of 
.small '-olutes under the flowers or “roses” in the 
centres of tho concave faces of the abacus. The 
entablature is about 2J diameters in height, the 
heights of tho Iricze and architrave being about 
equal, and eacli rather less than the height the 
cornice. The principal feature of the entablature is 
tiio use of modillions above the dentil course to sup- 
port tho corona of the cornice. These modillions, 
and almost all of the mouldings of the entablature, 
are richly carved. The projection of tho cornice is 
about ecjutil to its height. The frieze is frequently 
(jnite ])laiii, but the architrave, which consists of 
three fascia.s and a crowning moulding, is usually 
enriched. — The Tuscan Order {fvr illustration^ see 
Tuscan) is a Homan modification of the Doric order. 
It is the simplest of the orders used by the Romans, 
being always used witliout enrichment. * The column 
is usually 6 diameters in height. The capital is 
similar to the Homan Doric, but the abacus has 
merely a fillet at its tipiier edge in lieu of the 
moulded Doric cymatium ; the shaft is never fluted, 
and the ba.su consists of a flllet, a torus, and a plinth. 
The entablature is rather less tlian 2 diameters in 
height, and is perfectly plain, having neither tri- 
glyphs, mutules, dentils, nor modillions. The crown- 
ing moulding of the architrave is simply a small 
cavetto and a fillet.— The Composite Order (/<?r 
illustrafiott, see Composite) is a modification of the 
Corintlxian order, and was not used by the Greeks. 
The cl lief alteration is in the capital, the upper part 
of which is similar to the Homan Ionic capital, with 
angle volutes, while the lower is very similar to that 
of the Homan Corinthian capital. The general pro- 
portions are the same as those of tlie Homan Corin- 
thian order. The term Orders is also used to denote 
the recesses or groups of buildings in a Gothic or 
Romanesque arch. — W. &. P. 
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Hrehlteetiupe, StyteiofL See By2Antikb» Indxan, 
Italian. Pointed, Gothic, ANOLO-'ii^AxoN, Xob- 

MAN, EABLY SNOLIBH, TUDOB, ELIZABETHAN, 
STHABT, and BBNAISSANCB STYLES. 

JbehitraYa (Arckiteet) The lowest of the three 
chief members of an entablature. It is the main 
beam, and rests directly on the colnmns. It is also 
knownas the Epistyle. The term Abchitbavb is also 
used to denote the moulding bounding the head and 
sides of a door or window opening. See Abchiteo- 
TUBE, Obdebs op, Entablatitbb, and Column. 

Jjfchitrave Block {Carjp,^ etc,) The block at the 
bottom of the architrave moulding around a door 
opening into which the skirting is fitted or “ finished.” 

ArehiYoit (Architect.) The mouldings on the 
face, and following the curve, of an arch. 

JLpC Iiamp (Meet. Mhig,) A pair of carbon rods 
connected to a current of sufficiently high voltage to 
produce an electric arc between the poles or ends of 
the carbons. This requires about 50 volts continuous 
or 33 volts with an alternating current. The carbons 
are connected to mechanism worked by the current 
which brings them together when the current is first 
turned on, then se^rates them a short distance 
(thus “striking” or setting up the arc), and then 
“ feeds “ the carbons or brings them up to a constant 
distance as they are burnt away. The chief differ- 
ences between lamps consist in the nature of the 
mecbanisiri employ^ for this purpose. 

Aroo (MuHc), With the bow ; used after pizzicato. 

Arctic* A general term applied (1) to organisms 
which resemble or are connected with those which 
live in the circumpolar regions ; (2) to climatic or 
other geographical conditions resembling those found 
in those regions ; or (3) to strata which have been 
formed in the same manner as those occurring in 
the Arctic regions. 

Arctic and Antarctic Zones (Astron.). The part, 
of the eai'th's surface lying between the Arctic or 
Antarctic Circles, and the respective poles. 

Arctic Circle (Aetrm.) A circle or parallel of 
latitude, north of which the sun remains above the 
horizon for twenty-four consecutive hours during 
some portion of the year. This latitude is 36® 32' 
30". The corresponding south latitude is called the 
Antarctic Circle, 

Are. See Weights and Measures. 

Area. The amount or measure of a surface. Sec 
Weights and Measubes). 

— , Dry (BuUdmg). In order to prevent damp- 
ness in the floors and walls of houses with base- 
ments, a “ dry area ” is constructed. A space is left 
all round the basement, of sufficient width to keep 
the damp soil from the walls. This is covered at the 
top, except in certain places where openings are left 
^tor ventilation. The drainage of the area requires 
particular attention. 

Areal Yelocity (Astron., etc.). The area swept 
out in, unit time by the line joining aplauct to the 
' earth. Kepler’s Second Law states that this areal 
velocity is a constanb for any given planet. 

Areas. ^Sanitation-Dwellings. 

Areca But. Areea eateohu (order, Pahnee). The 
seerts are used in pharmacy, and in the East for 
^wing, 

limace^ Reeks ( QeoL) Sedimentary rocks of 
dcsivalive origin, which consist essentially of grains 


of sand. They include not only sand, but also sand* 
stone, quartzile, and grey wack^. They are simply 
aggregations of particles of quartz, which have been 
derived from the waste of some pre*existent rook 
containing that mineral. Arenaceous rocks are 
specially characteristic of rocks of terrigenous origin, 
and rarely or never enter into the composition of 
those formed in the deep sea. 

Areni^ Bedi(^s(7/.) Strata of Lowm: Ordovician 
age, which are on the same geological horizon as 
those which form the Arenig Mountains in Wales. 
They differ much in mineral character in different 
parte of Britain, consisting largely of volcanic 
materials in Wales and ^.he north-west 6f England, 
of deep sea radiolarian oozes in the south of Scotland, 
and probably of limestone in the north-west. They 
contain a characteristic suite of graptolites and trilo- 
tites in the area where the}’' consist of argillacean 
sediments. 

Apgal or Argol. The reddish-brown crust which 
forms when wine is kept in lx)ttleR or casks. 'It is 
impure acid potassium tartrate (cream oftariar). and 
constitutes the source of tartaric acid (q.v.) and its 
salts. 

Argand Burnep. Ibo name wa.s originally applied 
to an oil burner having a wick enclosed l)etween two 
concentric tubes. The burner is now used extensively 
for burning gas, and consists of a hollow ring, tlirougii 
the up})er surface of which the gas issues by a number 
of small holes. To protetrt the flame a glass chimney 
is provided, by which also the entrance of air is 
regnlateJ. Sec also Abtikicial Illuminants. 

Ardent (Her.) Silver: usually contracted to ar \ 
on a >hield it is shown blank. 

Apgentic. Sec Argentum. 

Argentite (Min.) Sulphide of silver, Ag„S : 
silvev=S7‘l, sulphur = 12*9 per cent. Occurs ‘in 
cubic crystals of a black lead grey colour : veiy 
similar to galena, from which ir is distingutshed 
roughly by being seotile. Xeariy all galena con- 
tains some silver, which pri*bably exists as the 
isomorpbous sulphide argentite. From 1^‘oiuwall, 
Norway, Bohemia, Saxony, Mexico, Chili, Peru, and 
many localities in North America. 

Argentum. The Latin name for silver. From this 
word tlio symbol Ag for silver is derived, also tlie 
word argentic, which is applied to the silver salts— 
e.g. argentic nitrate ift silver nitrate. 

Argillaceons (^<?cL) Olay like: containing clay. 

Argillaceous Rooks (Geol.) strata consisting 
essentially of clay, and thus always primarily of 
derivative and sedimentary origin. Mud, clay, mud- 
stone, shale, marl, argillite, and Lydian stone are 
amongst their varieties. Many (but by no means all) 
slates are also of argillaceous composition, as also 
are the dynamically metamorphosed rocks known as 
phyllites. 

Argillite (Geol.). A name restricted to rocks of 
argillaceous composition and sedimentary origin, 
which have been much indurated by pressure and 
other causes, but which have not been affected by 
cleavage (see Slates), nor by dynamic metamorpbism 
(see Phvlute), nor by thermo-metamorphism (see 
Lydian Stone, Jasper etc.) The arenaceous 
associate of argillite is usually Grey Wackib ( q * v .) 

Argon- A gas forming rather less than Iper cent, 
of the atmosphere. Its presence in the air was first 
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indicated by the fact that a litre of nitrogen prepared 
from air w^a found to weigh heavier than a litre of 
pure nitrogen obtained in other wa^-s. It can be 
obtainetl by passing electric sparks through air in 
presence of caustic potash, and gradually adding 
oxygen till all the nitrogen has been converted into 
ptjtassincn nitrite and nitrate. Atomic weight, 40. 
Has a characteristic spectrum, a monatomic molecule 
(fl'.r.) It appears to be incapable of entering into 
chemical combination with any other element or 
compound whatever. 

Aries, First Point of (Agtran.) The point of 
intersection of the celestial equator and ecliptic, 
through whfch the sun passes ns it crosses from south 
to north of the equator. 

Aril {Botarvjjf), An outgrowth upon the seed coat 
or testa, either as an investment or as an excrescence. 
The mace of the nutmeg and the fleshy cup of the 
yew fruit are examples. 

Aikose iGeol.) A name originally applied to any 
conglomemte which contained felspar fragments, 
whether decomposed or not; but now restricted to 
derivative rocks which have been formed under arid 
conditions and in which the parent rock has been a 
granite or a gneiss. Arkose thus differs from a con- 
glomerate in containing, along with quartz or other 
mineral fragments, pieces of uitderomp )8ed felspar. 
A typical arkose occurs abundantly in the Torridon 
sandstone. It is also found in the bid Bed. 

Armature {Architect.) A term used for bars of 
iron added to various parts of architectural structures 
to strengthen tliem without detriment to the decora- 
tive effect of which they form a pait — e.§. iron «'ross 
bars in a leaded window* 

{BUci, JOng.) (1) The ])iece of soft iron 

whifih is placed in contact with the ptfles of a per- 
manent magnet to aid in retaining the magnetic 
lim^a ; (2) a piece of soft iron on which the magnet 
acts by magntdic attraction in order to actuate some 
piece of electrical apparatus, such as a relay {q.v.) ; 
(3) the rotating portion of a dynamo or electric motor. 
See AumTURi'S. 

Armature Binding {Elect, Eng.) Strips of thin 
metal or wire i aiids which hold the windings close 
to the iron core. 

Armatures of Dynamos* An armature is ilte 
portion of the dynamo in which the current is 
actually prodtwjed. It usually cdn.siits of coils of wire 
rotating in the strong magnetic field iKJtween the 
poles o£ the magnets. This rotation produces a con- 
tinuous vanation in the number of lines of force 
which pass through eaph 
coil of the armature, and 
therefore a curi’cnt is 
caused to flow through 
these coils. The current 
is led from each coil to 
the corresponding bars 
of the commutator, and 
is collected by means 
of brushes. In the ma- 
jority of cases the coils 
are carried on a cylin- 
drical core of soft iron, 
which serves the double 
purpose of acting os 
a support to the windings and also of concentrating 
the lines of force between the poles, and causing 
them to pass through the coils of the aiTuature. 



Armatures may be divided into four main types: 

(1 ) Bikq Abmatubbs : A typical ring .omature 
is shown in fig. 1 in a diagrammatic SoniL Di 
this case ' there are six coils wound on an iron 
ring, the beginning of one coil being connected to 
the*end of the preced- 
ing one, and the point 
of junction being also 
connected to a bar of 
the commutator, which 
is shown in black shad- 
ing in the diagram. 

As each coil passes 
through what is termed 
the “neutral point” — 
that is, the position 
in which the current 
in it becomes reversed 
— the commutator bar 
to which it is con- 
nected passes from contact with one bnish to con- 
tact with the next, and by tins means the current 
ill the external circuit is kept flowing in the same 
direction, llie essential point ,to notice about a ring 
armature is that the windings pass o\’er the external 
surface of the iron core, and return through the 
inside . of the core. 

(2) Drum Armatures : 

This is the form chiefly 
used in large continuous 
current machines. In 
this case the windings 
are all external to the 
iron core. The method 
of connecting the wind- 
ings is varied and complex. One method is shown 
in fig. 2. In this case sixteen conductors, numbered 
1 to 16, are shown on the outside of the armature. 
The method of connecting them at the end of the 
armature nearest the commu- 
tator is shown by continuous 
lines, and the connections at 
the farther end are shown by 
dotted lines. It will be seen 
that conductor No. 1 is con- 
nected at the back of the pio. 4. 

armature to No. 8, No. 3 is 

connected to No. 10, No. 6 to No. 12, and so on. 

(3) Pole Armatures: This form is shown in fig. 3. 

It is very frequently used in alternate current 
maebines, "where field with a large number 

of poles are employed. 

(4) Disc Armatures; 

These ai*e armatures 
where the wire is 
wound into fiat coils of 
spiral or similar form. 

In this case tbefe is 
no iron inside the coil 
of the armature ; but 
the coil is made very 
thin, and very nearly 
occupies the whole of a very narrow gap between 
each pair of poles of the field magnets. The wind- 
ing of a disc armature is shewn diagrammatieally 
in fig. 4, and the form actually taken by the ooUs 
in fig. 5.— Q. P. G. 

Armed (Mer,) Used to denote that the natural 
weapons of defence are of a tincture different from 
.the rest of the animal. 

Armes ParlaatelB (Mer,) Coats of arms on which 
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the device is derived from the family name ; also 
called Oanting Hubaldby. 

Armet (Arin.) A helmet worn on the Continent 
in the fifteenth century. It was globular in form. 

ApmilauBa ( Cost.) A body garment, the pK>to- 
type of the surcoat.’ — M eyrick. 

litming Press (Bind.') A light kind of blocking 
press (g[.v.) used by hand. So called originally 
because such presses were generally employed for 
impressing armorial hearings on the sides of books. 

Armorial Bearing. Heraldic devices used to 
distinguish families, corporate bodies, and counties ; 
in the case of family and feudal arms descending from 
fat her to son. Arms of Dominion : The national 
arms borne by the sovereign. Armorial bearings were 
first employed by the Crusaders, and took their rise 
from knights painting upon their banners a dis- 
tinctive figure to enable them to be distinguished 
when clad in armour. They became hereditary in 
families at the close of the twelfth century. See also 
Heraldry. 

Armour (knomn also as Harness a^id Mail). A 
covering worn to protect the body in battle. Metal 
armour of various kinds was used extensively by 
ancient nations, notably by the Egyptians, Greeks, 
and Romans ; but it served to protecta portion of the 
body only, and consisted of helmet, shield, cuirass, 
and greaves. It is known that the Haatati of the 
Romans wore flexible cuirasses, but there is no 
definite evidence as to how they were con- 
structed, It was in the tenth century that com- 
plete metal armour began to be worn in Europe, 
and it continued to be 
worn, subject, of course, 
to many variations of both 
style and construction, 
until the eighteenth cen- 
tury, wlien the more 
general use of firearms 
and field, artillery ren- 
dered it useless. Mail, 
the type of armour worn 
in the tenth century, con- 
sisted of rings of iron 
firmly sewn flat on cloth or 
leather. Later the rings 
were linked, and formed a 
garment themselves. This 
form of armour was known 
as Chain Mail, t^raall 
flat pieces of metal were * 
also used, and this armour 
is known as Scalb 
Armour. Subsequently 

1. Bascinet. 

2. Gorget. 

S. Roundel. 

4. Mi»4ricorde. 

5. GadlingH. 

C. Cuiraas. 

7. Gauntlet. 

8. Kpauli^re. 

9 . llrukHsaTt. 

10. Condiere. 

11. Skirt of Taceo. 

12. Guisaart. 

IS. Genouilli^e. 

14. JambtiTt. 

15. SoUeret. 

10. Rowelled Spur. 

17. Sword. 

18. Croaaguard 

19. Pommel. 

20. Sword-belt, 

21. Chape. 


single plates were substituted to cover various parts of 
the body, until eventually, in the fQtfrteenth century, 
the period during which the grektest development 
in body armour occurred, the whole body became 
encased in this kind of armour, known as Plate 
armour. This, the last form of complete body 
armour, was often richly engraved and embossed. 
The illustration shows a complete suit of plate 
armour of the early fifteenth century, the names of 
the various parts being ' indicated.— C. P. T. 

Armourep*B Art. Originally, simply to make the 
armour, but afterwards to apply enrichment. 

Arms (Her.) See Armorial BEARHH^as (Her,) 

Arnett's Yalve. The purpose of this valve is to 
act as an outlet for the vitiated air of rooms. It is 
a metal box arrangement, generally placed near tlie 
ceiling an<l oiM'iiing into the chimney. Tlie pressure 
of air from the room forces the valve inwards — 
7 . a. towards the chimney — allowing impurities t<i 
escape; but when the pressure is greater froiw the 
chimney the valve closes. 

Aromatic Compounds. A term originally applied 
to a number of substances having an aromatic odour. 
Most of these were found to be benzene derivatives ; 
hence the term is now" used to designate the benzene 
derivatives as a whf)lo. 

Arpeggio (Musii*). I’he sounding of the notes of 
a chord in succession instead nt simultaneously. 

Arquebus, or Arcubus, also Harquebus. Earliest 
form of trigger gun. 

Arrache (Her.) See Er^vskd. 

Arrack. I’he spirit distilled from the fermented 
liquor (toddy) of the sap from various palm treos, 

Arras. A rich cloth originally woven Aru^s in 
France; also the name of a screen of the same 
material which w"as hung round rooms. 

Arris {Building). The sharp exterior angle formed 
by the intersection of two surfaces. 

Arris Gutter (Building). A V-.sh}iped gi^ter. 

Arrow. A weaiioc of great antiquity, w'hich varied 
ranch in length and shaj/c ; generally it w"as siemli r, 
straight, and poimed. Tliiek ones used with Ooss- 
l>ows were called bolts or quarrels. The arrows of 
the early Britons were tippe<l wdth flint or bone. 
After the Norman Conquest the English V)ecame most 
exixsrt bowmen w^th Ihe deadly “ idoth-yard ” shah. 

Arrowroot. Is obtained from the rhizomes of a 
plant, Marania avvndinaeea {Marantacce'), wdiich is 
a native of India and tlie West India Islands. It is 
* said to owe its name to the Indians using it to absorb 
' the poison from wounds inflicted by poisoned arrow's. 
Arrowroot is a pure starch, and is of value as an 
article of diet for invalids. The common adulterants 
ai e tapioca, potato starch, and .sago. 

Arsenic, As. Atomic weight, 75. A dark grey 
: raetadic-lookiug element. It is brittle and cry- 
stalline, and sublimes about 450® without melting ; 
but it melts if heated unfier pressure. Its vapour 
has a tetratomic molecule at 860®, a diatomic 
molecule at 1736®. Heated in air, it is oxidised to 
arsenious oxide ; the same oxide is formed when 
it is heated with strong sulphuric acid. Nitric acid 
oxidises it to arsenic acid. Hydrochloric acid is 
without action. The element is obtained by heating 
arsenical pyrites (FeSjjFeAs.^) out of contact with air. 
Alloyed with lead in shot making. In nature, arsenic 



Abmour: Sir Jontr Lyslk, 
Thuuxtow, Hami-shibe. 
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occurs in oiasses of tin white to dark grey colour, with 
a Bub-meial)ic lustre; the masses are granulax and 
often mamtnillatid. Usually some antimony is 
present as an impurity, and it is often associated 
with lead and silver ores. Arsenic also occurs jn 
combination as Absenolite, Obpimeet, Realgab, 
and many arsenides and arscniates. Native arsenic 
is found in * Cornwall, Baxony, Bohemia, Norway, 
United States, etc. 

Araeniate of Lead (Min,) A synonym for 
Mimetitk (q.v,) 

AFBenicai Nickel (Min.) A synonym for Rup- 

PEBNICKBL (q.v.) 

Anenical^oisoning. Ar^nic is used in the colour- 
ing of artificial flowers., toys, etc. It has also been 
'found to a large extent in some walli)apcrs, the 
poison boing given off either in the form of dust 
particles or as a gas. 

Arsenical Pyrites (Min.) A synonym for Mis- 

PICKJJL (q.v.) 

Arsenic Compounds. Abseil iubetted Hydbo- 
GEN, AsH,: Formed pure when an alloy of zinc and 
arsenic is acted on by hj'drochloric acid; mixed 
with hydrogen when any soluble arsenic compound 
is acted on by pure zinc and dilate sulphuric acid. 
It is a gas ; extremely poisonous ; resolved into its 
elements when heated Maksh’3 Test). Passed 
into silver nitrate solution, it gives a black precipitate 
of silver and a solution of arsenious acid. Traces 
of it are supposed to be formed from wallpapers 
coloured by green aiseniacal pigments. Absekig 
C'H noKiDE, As Clj, : A colourless fuming liquid decom- 
posed by water into arsenious and hydrochloric acids. 
Formed by <lirect union of its elements. Absekiovs 
Oxides, As/lfi ; ahso called White Arsenic: Aheav> 
white Mdid having three allotropi(‘. modifications; 
sparingly soluble in ■water; more soluble in hydr<:»- 
chloric acid ; very soluble in alkalis forming alkaline 
arsenites. Very poisonous. Obtained on largo scale 
in rt)asting tin ores containing arsenical pyrites. 
Absemc Oxide, A.s .,05 : White deliquescent solid 
obtained when arsenic acid is carefully heated. 
Arsen iCbAciD, H^AsO, : A white solid, obtained when 
arsenic or arsenious oxide is oxidised with nitric, 
at'id. AKaEN.f\TES: Balts of ar.'.enic acid. The most 
imijortanl is. Sodium Absenate, NaJlA.s0^12II.p, 
obtained when arsenic acid is made "alkaline wkh 
sodi\im carbonate and the solution crystallised. It 
is iMJiuorphous with sodium pIios))hatc, and used in 
d\eing. Absenite; Balts of arsenfout. acid, 

Copper Hydhooex Aubbnite, CnllAsO^, is Schule’s 
green — an important green pigment formed by 
adding copper sulpliate solution to a solution of 
arsenious oxide in caustic soda. Absenious Sul- 
phide, As^Bj, : Formed as aj^ellow precipitate when 
sulphuretted hydrogen is passed into an acid 
solution of an arsenic compound (important test 
for arsenh^). Insoluble in hot strong l)ydro(‘hloric 
acid ; soluble in alkalis and alkaline sulplihTes. 
Healed in air, gives arsenious oxide. • 

Arsenolite (Min.) Also called white arsenic. 
It is native arsenious acid, As.,03, and occurs as a 
sublimate of minute octahedral crystals of glittering 
lustre on deconij)Osing arsenical ores, and also in 
pulvenilent crusts. It is extremely poisonous. 
From the Harz and Saxony and many localities 
where arsenic.al ores occur. It.s crystallographic 
system is cubic. 

Arsine. See Arsbniuketted Hydbogen, utulf^r 
Arsenic Compounds. li is another name for this. 


Artemis. The Greek name of Diana, goddess of 
the moon and of hunters. Represented as a huntress. 
The incident of Actason, tamed into a Stag, being tol'n 
to pieces by his own hounds for gazing on the goddess 
while bathing, is a well known subject in art. 

Artery (Zoolo^). The term applied to a blood 
vessel that contains blood passing from the heart to 
the various organs. The arterial walls are thick and 
very elastic. 

Artesian Wells. These derive their name from the 
fact that the fii'st well of the kind was sunk in the 
I>rovinoe of Artois in France. They are formed by 
making a perpendicular boring, usually of great 
<lepth, in a basin of the strata. When the boring 
reaches below an impervious stratum, a constant and 
Spontaneous supply of water is' afforded. The water 
from this source is pure and palatable. Sodium 
chloride, sodium carbonate, and free ammonia are 
often found in waters obtained from these wells. 

Artificial Illnmination. The chief illnminants 
are : coal gas, electric light, acetylene, and oil. 
Lighting is responsible for the addition of many 
impurities to the air of rooms, ca.rbon dioxide in 
particular. It is computed that each cubic foot of 
gas burnt per hour pollutes as much air as would be 
rendere/i impure by a person while at rest. The 
following is a list of illuminants in their ** hygienic” 
order : Elecjtric light ; coal gas — incandescent ; coal 
gas — Argand burner; coal gas— batswing burner; 
paraffin lamp ; and caudles. 

Artificial Stone. Artificial stones may be divided 
into three classes: (1) Slone resembling concrete, 
(’onsisting of admixtures of cement and crushed 
fragments of some hard natural stone. (2) A soft 
natural stone which has been hardened and made 
stronger by artificial treatment. (3) Homogeneous 
“ stone ” prepared from various mixtures of clay, such 
as terra-cotta or common brick. (1) The chief forms 
of the first class are as follows; (a) Granolith 
(Stuart’s) : This consists chiefly of crushed granite 
mired with Portland cement. It is chiefly used for 
paving, in which form it is very durable. It also 
}>ossesses the valuable property of withstanding 
intermittent action of water, and it has been used 
in the graving dock at Glasgow with success, (ft) 
Non-Slip Stone: This consists of chips of hard 
Yorkshire stone mixed with cement. It is cast 
in blocks and hardened under hydraulic pressure, 
forming a very durable paving material, witli a 
surface which does not become too smootli, and 
tlierefore slippery, as it wears away, (c) Victoria 
Stone: This contains crushed granite, which has 
been w'ashed free from alkali This is mixed with 
cement and water, and moulded into suitable blocks. 
When it lias been hardened by exposure to the air, it 
is soaked in a solution of sodium silicate and further 
exix)sed to the air, when it becomes extremely hard 
and durable. It is very suitable for paving, sills of 
doors, etc. (2) In t.be second class a good example 
is what is termed MoRKAU Marble. The prepara- 
tion of this is, in brief, a method of producing a 
fairly bard ornamental marble from a cheap and 
inferior limestone. A soft limestone is select^, and 
the surfaces dressed and smootbeil. Veins are pro- 
duced by tinting the stone artificially. It is then 
soaked in a solution of zinc sulphate and allowed to 
dry, first at 50® C. and* then at 100® C. 1C has now 
become very hard, and is capable of taking a \ery 
high polish." With the exception that it cannot be 
obtained pure white, it has nearly all the valiifibl'' 
properties of natural marble. (3) In the third class 
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IJie method of formation is aoalogona to, the mana- 
faotare of .bricks, which ate, in a sense, a form of 
^ifidaii stone. For the method employed, see the 
article on BniOKS.— G. .F. G. 

A skilled workman or mechanic. The 
n^me'^nas formerly applied to artists. 

IrtiBt One skilled in some branch of the fine 
arts : a good workman in any trade. 

Artist’s Proof. See Pboof. 

. Art l^aipet for Litho^apfaic Printing. Ordinary 
paper (nsiially made from esparto and wood) coated 
with a mixture of china clay or barytes and glue. 

Asafostida. Fenila narthox and F. Assafatida 
(prder, UmhcWferay, A gum resinous drug obtained 
by cutting and scraping the roots. Owing to its 
powerful odour, it is sometimes used in solution for 
detecting faults in drains. 

Asbestos or Asbestus (ilf/a.) A fibrous variety of 
amphibole ; the fibres are usually so fine as to 
be flexible and separated by the fingers easily. 
Amianthus is an even more silky form. A typical 
analysis is : silica ^ 59*2, magnesia =*31*0, ferrous 
oxide =■ 8*3, alumina « 019, hydrofluoric acid =* 1*31 
per cent. It is found in Corsica, Savoy, Tyrol, 
Hungary, etc., and largely in the United States. 
Asbestos is very incombustible, and servos as the 
basis of various forms of fireproof card, cloth, and 
paper, which are of great value in the arts. Pipes 
conveying steam, hot gases, etc., are often coated 
witli a preparation of asbestos. 

Aibohuie (ilfin.) This mineral, though used as 
an ore of cobalt, is really an impure hydrous oxide of 
manganese. Wad (^.v.), containing a variable pro- 
portion of oxide of cobalt. It is also called Eabthy 
Cobalt. It occurs in earthy black ma8.‘<es with 
somewhat unctuous touch. Found in Cornwall, 
Saxony, United States, etc. 

Ageending Utters iTypog,) All letters with 
upstrokes, as b, d, b, k, 1, etc. 

Ash. The residue which remains when organic 
matter of vegetable or animal origin is heated with 
exposure to air ; e,g. bone ash is the residue— chiefly 
calcium phosphate— left when bones are heated in 
the air. 

(JDec.) This wood is imitated by graiuers by 

painting a ground obtained by mixing bunit umber 
and raw sienna with a little black. The graining is 
d(me with yellow ochre and burnt umber, or a 
mixture of raw sienna, burnt sienna, and raw umber. 
See Woods. 

Ashlar {BvMding\ Masonry built of rectangular 
blocks over 12 in. deep on face. 

Ashhudng {Carp.) Where a room is formed in a 
roof, the rafters cut the floor level at an acute angle. 
Short studs (ashlars) are fixed to the rafters and 
joists, and then lathed and plastered. 

Ash Pan {Fng.'y The tray placed beneath the bars 
of a grate or fire box to catch the ash. 

Ash Rims {(Tycles), See Wooden Eims. 

Asp (Archwol.) A species of viper found in 
Ef?ypt; in colour greenish, mingled with brown. 
Often figured on Egyptian monuments. Symbolical 
of malice. 

^ CH^CONHa * 

Asparagine, I A white crystalline 

CHNH,COOH 

solid found in many plants; sparingly soluble in 
water and alcohol ; it contains an asymmetric carbon 


atom (j^.e.) The Isevo form occurs in asparagus, 
peas, b^s, lettuce, etc., and has a disagreeable 
taste. The dextro form, which ooeurs along with the 
isevo form, in the sprouts of vetches, has a sweet taste. 
Can be made artificially by heating maleic anhydride 
{see Maleic Acid) with alcoholic ammonia. 

CHNHjjCOOH 

Aspartic Acid, | (Aminosuoovnie 

CH,OOOH 

Add). A decomposition product of albumin, obtained 
by boiling asparagine with an acid. OrystaUine 
solid. Has an asymmetric carbon atom (^.e.) The 
natural acid is Itevorotatory. It yields mali^ acid 
when acted on by nitrofls acid. 

Aspectant {Her.) The same as AffuontI • 

Aspen. See Woods. 

Asperges {AtoIkboI.) Holy water sprinkler, used 
in the*service of the Roman Catholic Church. 

Asphalt. A native mixture of hydroefirbons 
which occurs under a great variety of conditions. It 
is very often associated with deposits of gypsum and 
of rock-salt, or with strata which have been formed • 
in the concentrated solution found in inland lakes. 
It occurs also in rocks of very diverse ages. The 
asphalt of the Val de Travers, Neuchfitel, occurs in 
a bituminous limestone of Neocomian age. The 
Dead Sea and the Pitch T^ke of Trinidad are other 
well known localities. The coropositiou of asphalt 
varies almost as much as its mode of occurrence. 
Asphalt is valuable, in building, for making water- 
proof courses and for paving purposes, botli os a 
cement for wood blocks and as the basis of various 
excellent paving compositions. 

Asphaltum {Pamt.) A brown paint made from 
asphalt. » 

Asphyxiator (Plumbing). An apparatus for 
testing drains by charging them with smoke. 

Aspiration, Ventilation by (llgghnfi). la the 
extraction or withdrawal of the impure air (goneyally 
by the aid of machinery), fresh air rusWng in to 
take its place. The ordinary chimney ulustmtes 
the methofl very well. Steam jets discharging into 
chimneys, fans, and screws are used in this system 
of ventilation. It is more effective and Ivsa costly 
than the propulsion method, though the air is not so 
easily controlled as in the latter. 

Assai (MvHc). Very, sufficiently. 

ABSimilation (Botany). A process carried out in 
the green portions of a plant, and consisting of the 
absorption and decomposition of the carbonic 
dioxide in the air. 'J'he agent in the process is the 
chloroplastid (q.v.\ and the source of energy the 
sunlight. 

Astatic Needles (Elect.) A pair of magnetic 
n^edle^ of equal magnetic moment fixed together 
wi^h their poles in opposite directions, and mounted 
so as to turn freely, j’his arrangement is exceedingly 
sensitive to a small magnetic force,, owing to the 
controlling force due to the earth’s magnetism being 
reduced to a minimum. Such a combination of two 
magnetic needles is used in the astatic galvanometer. 
See Galvanometers. 

Asteroid (Aidron.) The minor planets lying 
between Mars and Jupiter. Over three hundred of 
these bodies are known. 

Astragal (Architect.) A small moulding of semi* 
circular cross section. See Touos and Bead. 
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{Carp.) A semicircular bdad above the 
■utfaoe of the framing. 

{Pla/niUng). A bead moulding round a lead 

Idpe. 

Astpagaltts (^Arehteoh). The knuckle bone. It 
has been need in a child's game from the time of the 
Greeks till now. 

Astpakhan {Zoology). The fleece of black lambs 
of a variety of sheep {OoU €t/rie» iteatophyga), found 
in the province of Astrakhan, and in Bokhara, Persia, 
and the Asiatic steppes generally. The wool of the 
lambs of this species is curled, and resembles for; 
bat the coat of* the adult sheep consists of short 
close, hair, said yields no wo^Ji capable of being niaim- 
factured. 


• {Woollon Mmvfac.) A type of pile fabric 

covered with curls aud made in imitation of the 
natural skin. 

Aitronomical Clock. A clock keeping ^dereal 
time (j'.v.) It Imlicates Oh. Om. 0.s. when the first 
poinf of Aries crosses the meridian. 

Aatronomical Telescope {Light). A telescope 
consisting essentially of a long focus lens forming a 
real image at or near its focus, and an eyepiece by 
which this image is magnified. The image seen by 
the eye is inverted, but this is no disadvantage when 
viewing a heavenly Ifody. 

Astronomy. The science that deals with the 
pi sit i* n, nature, and motion of the heavenly bodies. 

Astylnr (ATchit**et.) A -method of treating an 
elevati >n of a building without the use of columns. 


Asymmetric Carbon Atom. Carbon is a tetra- 
valent element (tf.r.) Wi.oii two or more oi the 
atoms, or groups of atoms, attached to a carbon atom 
are the same, only one 
confound is kimwn — e.g. 
only one compound of the 
formula CHCl, is kDO\^n. 

But w hen all the four 
atoms, or groups of atoms, 
attached to a carbon atom 
are di%rent, two com 
pounds are known. These 
two compounds differ only 
in one important resi^ect : ^ 
the one rotates the plane 
of polarisation of Pla>^b 
P oLABiSED Light {q.v.) 
to the right, the other to 
the left. In chemical be- 
haviour the two compounds 
are identical. In the for- 
mula for laetic add, 

CH3 



H 0 - OH 

1 

COOH, 

the central carbon atom 
has four different groups 
attached to it ; hence lactic 
acid exists in two forms, 
one of which is dextroro- 
tatory and the other lajvo- 
rotatory. If equal quanti- 
ties of tbe two forms are 
mixed, we get a product 
which has no action on 
polarised light — it is said 
to be optically inactive (also called the racemic 



Fig. ft. 


modification). The theory of Le Bel And Van t' Hoff 
aocounts for the phenomenon ae follows: the asyM* 
metric, carl^pn atom is assumed^to be^ tiM^cenljto 
of a regular tetrahedron, %nd the groups Are 
attachea one at each angular point. Thm will 
account for the two compounds. Let A, the 

base of tbe tetrahedron (in the plane of t^pa^r) 
and D the apex (above the plane of tbe paper)* fig, 1. 
Also let A, B, c, D represent the four different 
groups. Tl^is will be one modification. Now inte*;-; 
change any two of the groups, say B and D, we 
get fig. 2. Turn the tetrahedron about the edge A,*o, 
so that the apex b again comes into the plane of the 
paper, fig. 3. In case (1) A, B, c run dockwise; in 
case (3) counterclockwise : thus we have two 
different compounds. If in case (3) any two letters 
are interchanged, we shall again get case (1), so tliat 
only two compounds are possible. 

Asynchronous Motor {Lleot, Eng.)^ Motors ac- 
tuated by an alternating current may he classified as 
Sykchbonous (q.v.) or AsYNCHBOKQUS, according 
as the rate of rotation of the moving portion does, or 
does not, correspond to the frequency of the current. 
See Mokophasb imd Polyphase Motobs. 

Atacamite (Miil) A hydrous oxychloride of 
copper, CuCl . 3Cu(OH). : oxide of copper « 63*6, 
chloride of copper » 30-2, water — 16*2 per pent. 
Colour, rich deep green ; in small rhombic crystals ; 
also massive. From Cornwall, the desert of Atacama 
in South America, Spain, Australia, etc. 

At Bay {Her.) Said of a stag with a head bowed 
ready for attack or defence. 

Atelier {Art). Literally a workroom or work- 
shop : the studio of a painter or sculptor. 

A Tempo {Mmtic). In time : used after some term 
altering the speed. 

At Gaze (Her.) Full faced or facing tbe obKCi vor. 

• 

Athene, Athena. In ^reek mythology, the god- 
dess of wisdom, arts, and sciences ; represented with 
spear and helmet and the aegis of her father Zeas> 
Three celebmted statues of Athene were executed 
by Pheidias; the first, which was of ivory and gold, 
was erected on tbe Acropolis of Athens. Called by 
tbe Romans Minerva. 

Athletes {Art). Those skilled in physical exer- 
cises. Tliey have provided the best models for artists 
from the fiourishing period of Greek sculpture to the 
present day. 

Atlantes, 7tl. of Atlas {Architt'Ot.) Tbe name 
given by the Greeks to the carved figure or half 
figure of a male used as a column. Persians and 
Telamones are other names for Atlantes. See 
Caeyatid. 

Atlas {Paper). Writing paper of a sise 36 x 26 in. 

{ZoologyX The first of the neck (cervicJil) 

vertebrae. It has two large articular surfaces for the 
attachment of the skull. 

Atmolysis {Phyn., Chem.) The separation of two 
gases by their different rates of effusion through a 
porous partition. The rates of effusion of two gases 
are inversely as tbe square rooc of their densities ; 
thus hydrogen effuses four timesk'as fivst as oxygen, 
which is sixteen times as dense under equal con- 
ditions of pressure and temperature. 

Atmosphere* Consists of nitrogen C76'36) ; oxygen 
(20*91); argon, ana the allied elements helium, 
krypton, neon, xenon (l^GO) ; carbon dioxide (0*04) ; 
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a variable amount of water vapour, ammonia as 
carbonate, nitrite, and nitrate; solid matter. The 
numbers give the percentage by volume. Ttie nitrogen 
serves principally as a diluent, bur certain leguminous 
and other plants obtain part of their nitrogen from 
atmospheric nitrogen through the agency of bacteria. 
The oxygen is essential for the respiration of all 
animals and plants, and for all processes of com- 
bustion. The carbon dioxide is produced in all 
pi'oeesses of respiration, combustion, ierraentatioii, 
and putrefaction ; that it does not. incresise in amount 
appreciably is due to the fact that the green parts of 
plants decompose it under the influence of sunlight, 
using the carbon to build up their substance and 
liberating oxygen. E\aporation from sciis, rivers, 
lakes, and the respiratimi of animals, as well ah 
processes of combustion, furnish the water vapour. 
Ammonia owes its origin to the decay of nitrogenous 
organic matter, while the nitrous and nitric acids 
with which it is combined are harmed by electrical 
discharges occurring in the atmosphere. IMinute 
quantities of hydrogen peroxide and ozone are alsi» 
present in the air of places far removed from towns ; 
the true origin and amounts of these two substances 
are not known with certainty. The amount of 
tiitrogen and oxygen is estimated (a) gravimetrically 
by freeing the air from other substaiice.s except argon 
and its allies, and pas.-ing it ovct red-hot co]>pcr and 
collecting the nitrogen ; the increase in weight of 
the copper gives the oxygen, and that of the vacuous 
vessel in which the nitrogen is collected givcvs the 
nitrogen, (b) Volunietrically by means of the eudio- 
meter Qq.v.) The carbon dioxide is estimated by 
shaking a known volume of baryta water of known 
strength with 10 htres of air ; part of the baryta 
unites with the carbon dioxide, and the rest is as- 
certained by titration with stivnetard oxalic acid 
( F^ettenkofer’s method). A<iueou.s vapour is estimated 
by means of the hygrometer (q v ), and al^o by 
aspirating a large volume of air (20 litres) ihronu h 
a weiglied tube containing pumicestoiie soaked in 
sulphuric acid, which absorbs the water (absolute 
method). Ammonia an<l its compounds are deter- 
mined in rain water onl3^ as this washes them out of 
the atmosphere. The solid matter Mftats as du^t in 
the air, which it can do in virtue of its fine state of 
division. It consists of silicii, iron and its oxides, 
common salt (NaCl) from the spiay of the sea, 
vegetable organisms, moulds, spores, and baraeria, 
Mr. Webb (L. & N.W.K. Co.) states that l^ ton> 
of stfeel per day are removed from the rails of his 
company by wear and oxidation ; doubtless much of 
this floats in the air as dust, i\»r long periods. The 
presence of moulds and bac.’teria is proved by the 
occurrence of fermentation and putrefafjtion. Milk 
turns sour because of numerous bacteria and moulds 
entering it from the air and producing lactic acid 
from the milk sugar. Putrefaction of meat is brought 
about in a similar manner. These changes do not 
occur in milk and meat kept in sealed vessels, wdu-n 
the vessels and their contents have been sterilised 
previous to sealing. Tbe number of micro-cirgaui^ms 
in the air is less in the country than in towns, and 
less at an altitude than nettr the ground. Thus 
Frankland has shown that at lieigate there were on 
an average 14 organisms in 10 litres <»f air ; at St. 
Paurs Cathedral, 56 organisms at the base, 29 in 
the Stone Gallery, and 11 in the Golden Gallery, 
In 10 litres of air. The number of organisms is 
less in winter than in spring and summer. There 
are certain substances always present in the air of 
towns which are not preset in pure country air; 


chief amongst these are sulphuiio arfd and 
ducts of the incomplete combustion of coah^ The ' 
sulphuric acid owes its origin to the sulphur com- 
pounds present in coal and coal gas, ami has a most 
injurious effect upon man\ kinds of stone, but not, * 
apparently, upon healthy people. Incorujjjlete coin- ; 
bustion of coal produces soot, winch consist carbon 
and adhering tarry matters. To jmlge of the effect , 
produced upon the atmosphere by the combu!H:.ion of 
coal it is calculated that about 1 per cent, of the coal 
is given off as soot, a fair amount of which 
into the air ; and 1 lb. of coal requires 240 cuoic ft. 
of air for complete combustion. Fqgs are produced 
in the atmosi>here by the paitial con^jensation 
water vapour upon diisf? f articles as niiclqi: in the . 
country the fogs are white, being of the same nature^ 
as cloud ; but in towns t he nuclei are largely^ tlie * 
soot particles, and the yellow colour of tljo fog is 
due to soot and its accompanying tarry matter. In 
towns, too, during fog, the amount of carbon dioxidCi . 
is much higher than in the country; it may be twice 
.ns much. Tn an inhabited room it may rise ten 
times the noimal amount. During respiration, be- 
sides carhtui dioxide, putrefial)le (‘rtranic matter is 
given off, so that the had effect of the air of a * 
crow<k‘d room is due in part to this as well as to 
defect of oxygen. Wlicn the carbon dioxide from 
respiration reaches *2 volumes* per 1,000 above the 
normal value nf -4 volumes, the air of the room 
begins to have a close or stuffy smell; below this 
value the air can he hreatl.eil without any ill 
cffecfs. but it should not be allowed to he further 
polluted.— W. 11. H. 

Atmosphere, Pressure of (J*b }//;.) The h v drostatic 
pressure due; to the weight of 11 c air. It- is apj.rosi-. 
nint» ly 15 Ih. per square inch a1 the surface of the 
♦•arih. and can support a C(dumn of mercury about 
in. h»gh. Ft»r many purfiose^ of reference^ an 
.arlntran' slandaid of atmospheric prc.sMiro equal 
to tliat of 70 cm. of mercury is adopted. F*)r 
some pur) > 0 !'cs n [ucssurc of one million dvnes per 
square cmit.imvtrc is assumed, wliich is pomcvvhat 
lc?s than the “ rn^rmal f M easure,” being more nearly 
equal to 75 cm. of rm irury • 

Atmospheric Engine (Am//.) The earliest form 
of luiuin ciigint‘, in vvi ich the steam was sudiUtnly 
coiideiucd in tl;e cylinder anrl the in.ston forced 
down by atu»o.^[)Ju‘ric, pressure alone. 

Atmospheric Line (AW/jr.) The line on an indi- 
cator diagram (f/.c.) which is traced out by the pencil 
when at ri'.st -i.c. whvn nothing but the picssme 
of the air acts on each side of the piston of the 
indicator. 

Atolls. Annular grou))s of coral reefs and islets 
enclosing a ce.ntral lag(»on, and standing at a variable 
but small ch*vation above the level of the sea. 
Their slope beneath the sea on the inner side is 
usually at a low angle, while tlie outer sloiie 
mmially j)lungf!s rapidly down into deep water. They 
a]>|)car to form a coronet upon the head of an 
elevated portion of the sea l>(»ttom. Their origin 
lias given rise to nmcli controversy. 

Atom {Chrm.') An atom (in tlie chemical sense) 
is the smallest particle of au clement that can exist ; 
that is, the atom is the limit of diviftibility of the 
matter composing the element. Thi.s definition does 
not exclude the possibility of further division into 
smaller particles; it simply lays down the theory 
that the sma-ller particlt*s cannot be regarded as 
having the properties of the element to which the 
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4>0lo^ga. Sipetiment hai» novv' proved that 
«'^e«6 mailer paiticlee do aotnallj ewt ; they are 
given oft daring tbe passage of electricity thxoagh 
/ a gas at low pressures, and serve as carriers of nega- 
tive electricity. Tbe name Elbotbom or OoBPUHonB 
has l^een ^plied to them by various writers. An 
, electron l&s hoen shown to have a mass not more 
than on^-thoubandtU that of an atom of hydrogen 
Probably an atom of au element is a collection of 
these corpuscles, and the didercncc between the 
atomsasC different olcments is clue to a difference 
ip |tbo method of arrangement or of the mode of 
fhbtion of the dectron*^ constituting thehtom. See 
ft leu ELUCTBaN atid Kadiat^n. 

Atomic Heat (,Chem.") Tljis is the name given to 
the value of the product Atomic Weight x tipecific 
Heat. * It is equal to 6-4, and is constant (approxi- 
mately) for all elements in the solid state. Boron, 
carhon, silicon, elements of low atomic weight and 
high mtdting point, give louer values than 0*4 ; but 
as tho specific heat is determined at higher and 
higher icmperaturcs, they become more nearly 
normal. 

• Atomic Theory {Chem.') This theory is the very 
fonndatijon of modern chemistry; it had its origin 
in Dalton^s Atomic Theory published in 1800. It 
assumes matter to be divisible up to a certain point 
only, the ultimate jiarticles being called atoms. 
Atoms of tie same eh‘ineut an* all alike; but an 
atom of one element <Uffer8 from au atom (»f another 
element in weight and in* chemical proixirties. 
Wheic chemical combination occurs between two 
elements, it does so by means of their component 
ntoms. This last stid/Cment accounts for the Ian. ol 
Multiple l*ropor1ion*(^.e.) 

Atomic Volume The <iuotient 

• Atomic Weight 

hpocilic Clravity 

IS called the atomic volume of au chmeni. It is 
supposed to leprcsent Ihecelative volumes occupied 
by the atoms of elements. 

Atomic* Weight ) The smallest weight of 

an olemoin wlucli enters into a molecule ot any of 
its comiwunds. The piinciphMmderhing the detei- 
xnmation of atomic weiuht is as follows: Find the 
molecular weight (qA\) of as many compounds of the 
element aa possible. Aruil>se these compounds so as 
to determine the percent .ige of tlic element in each. 
Calculate from tlieve two results t lie weight oi the 
clement contained in the moleenlar weight of each 
comi>ound. The smalh*st value obtained is the 
Atomic Weight. In the case of elements in the solid 
state the Atomic Weight is ndaled to the Sjjocific 
II oat ; thus : Atomic Wi ight x Specific Heat =- ()*4 
(Dulong & IVtit’s Iaw). The abs(«lutc vvmghi d 
an atom of any eUment is unknown ; so that the 
atomic weights have to bo ref cried to sc»me arbi- 
trarily selected standard, houietimes the atomic 
weight of hydrogen is put = 1, and all others 
exprt‘hsedin tirm.s of it ; it it. now very common to 
take the atomic weight of oxygen as =»■ Ifi, and 
express all other atomic weights in terms of that, in 
which case H — loi, 

AtomiflCF or Atomising Carburetter ( Jfofor Care), 
A Spray Caebubettbr 

Atrium (Aro^itet^f ) That court of a Eoman 
dwelling house wliieh was neaiest to the entrance, anti 
which served as a waiting lOom. The central portion 
of it was usually open to the sky. The same name 


is also given to the forecourt of an Early duristiaii 
Church. See Psbi6TYLI(7M. 

Atropiiie. An alkaloid obtained from tbe Ibavefr 
and root of belladonna 

f \cH^ 


(deadly nightshade), 
hhiniug netxlles ; can be 
sublimed; optically in- 
active. ikduble in cd- 
cohol and chloroform. 
Powerful poison ; dilates 
the pupil of the eye. 
On treatment with nitric 
or acetic acids, it forms 
apoatropine, 

On hydrolysis, yields 
tropin and tropic 
acid, • 



+ H,0 


I CJSfjNO + C^HiqO^. 
Tropin. Tropic aad. 


Atropine can be reproduced by the union of these 
two substances. Atropine is isomeric with hyo- 
Bcyamine, and the latter, on hydrolysis, also yields 
tropin and tropic acid. 


Attacca (Mueie), Oo on to the next movement 
without break. 


Attachments (.irf). The manner in which a limb 
is shown fastem^d to the body. 

Attic (Arrhitect,). The topmost story of a building 
above tbe main cornice. 


Attic Base ( Arohitcef.) A base moulding used 
in Greek. Homan, and Renaissance architecture, 
consisting of two ton separated by fillets and a 
hcotia. 

Attic Order {Aerhdect,) The pilasters used to 
decorate the fiont of an upper story above the main 
cornn’c. 

JIttired {Her.) Tin antl(Ts of a stag. 

Attracted Disc Electrometer {Meet.) See 
E LEOTR( )M liTKllS 

Attraction and Repulsion (^JCkyeicey etc.) A force 
betw’^eon two bodies tending to draw them together 
or foice them apart. These forces aie now refcrrtxl 
in mobt ciises {6.y. in electric and magnetic pheno- 
mena) to certain actions of tlie nature of frtiesses 
and sliains, produced in the medium between the 
two bodies. Srf LiifBS OF Fokcb. 


Audition, Limits of {Snwid), homewbat unoer- 
♦ am and v ariable with different observers. The lowest 
note audible is probably one of 30 vibrations per 
second; the highest may have from llVKk) to 20,000 
vibrations per second. This gives a probable nnge 
of 9 octaves. 

Auger. A tO(d similar to a gimlet, only mu( h , 
huger, 

Augite ( Via ) One of the pyroxene group of 
mimiLilb, often in the form of short prisms. Black 
or very dark green. A silicate of calcium, mag- 
nesium, aluminium, iron, and manganese Silica = 
17*63, lime = 20*87, magnesia — 12 9, alumina 
6*74, ferrous oxide **11*39, manganous oxide ** 0*21, 
water ** 0*28 per (*ent. Monosym metric. Found in 
many basic volcanic loeks, widely distributed. 

Augite Diorite. A holooryKtalline Compound of 
ferro-magnesiau minerals (including one of the 
pyroxenes') and a plagiocla>e felspar, in which the 
structure of the whole mass is granitic. It? is always 
a rook of plutonic origip, and has generally been 
formed at a considerable depth below tbe surface. 

3 
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The dyke roeks correlative to it are now termed 
POBPHYBITES, while tiie correlative lavas are Andb- 
81TBS. Auglte diorite graduates into Gabbro 
Dioritb and then into Gabbed (j.r.) 

Au^ite Syenite* A liolocrystalline compoand 
showing gramtio structure, composed essentially of 
othoclase felspar (without any conspicuous develop- 
ment of quartz), together with ferromagnoaiau 
silicates, amongst which one of the pyroxenes forms 
part. The n»ck is of sub-acid composition, and is 
of platonic (and ustially deep-seated) origin. Its 
correlative dyke rocks are various, and include the 
Mica Traps. 3’he correlative lavas are Traohytes. 

Alimentation (if^r.) An addition to a shield 
to commemorate an important event in the life of 
its jiossesBor. 

Interval (Afujtifi). An interval con- 
taining one semitone more than perfect, or major. 

All jar (^ArchuBol.') Among the Romans a func- 
tionary whose oflfice was to divine future events 
from the acts and flight of birds, natural })hcnoim‘na. 
etc. There was a college of augurs, consisting in 
later times of four patricians and five plebeians. 
One of the symbols of office w^as the lituus or cTooked 
staff. 

Auramine, ^ 

met with as the hycVochloi idt* - golden yellow leaflets. 

A basic yellow dye used in cotton dyeing and printing. 
See tffoo DYBS and Dyeing. 

Anreoia, Aureole iArt). The. luminous cloud 
which forms the background to the figure of Christ 
ora saint. If intended to symbolise Christ, a cross 
is enclosed in the aureola. Wlmn only enciicling 
the head, it is tonued Nimbus ; the nimbus and 
aureole together form a (.Ilorv. 

Aureoled {Jler.) Figure.^ having the head sur- 
rounded by an aureole (y.r ) 

Aureolin ( JPnint,') A bright yellow jngmenl used 
by artists. It is somewliat fugitive when exposed to 
light and air, is dissolved in acids, but unaffectefl by 
alkalies. 

AuriCy AurouSf Aurum (^Chem.') Aurum is the 
Ijatin word for gold, and the symbol for gold. An, is ’ 
derived from it. The terms Aubtc and .Auitous are ■ 
applied to the two classes of gold suits— r.//. auric 1 
chloride is AuCl, ; aurous chloride, AuCl, 

AuPiclea (Zoology). The two thin-walled chambers i 
of the heart, into which the great veiur^ open. I 

Auriferoiu Deposits. A comprehensive name for | 
all kinds of rocks wdiich \ield gold in .any form. It \ 
, includes quartz reefs, and all of tlje many forms of ; 
strata yielding detrilal gold. ’ * i 

Aupiferous Pyrites (Min.) A variety of pyrites j 
(y.v.) containing a wmrkabbj quantity of gokl. Nearly ; 
all samples of pyrites contain some gold, but it i.s I 
more difficult of extracti(jn tlian when it exists as | 
**free” or metallic gold in the matrix. ! 

Aurora. A luminous apj:H;aran<',e seen in the sky : 
towards the i>oles ; it is due to some electrical 
phenomena, probably of the n-ature of an o lec.tr ical : 
discharge, and is accompanied by Magnetic Storms ! 

: i 

Authentic (Mueie). See Modes. ‘ 

Author's Proof (Tgpog.) Proof bearing thc‘ ; 

authoris corrections. 


Autogenous Soldering. The process of joining 
two pieces of lead (or otlier metals) by placing them 
together and melting the lead at the junction by 
means of a hydrogen flame. 

Automatic Ignition (Motor Cars). Firing the 
charge by the heat of the cylinder at the moment 
when the compression has reached its greatest 
value. An engine with this form of ignition re- 
quire.s special means of starting, and is, moreover, 
rather uncertain in action. 

Automatic Loom (Cottm). See Loom. 

Automatic Valves (Motor (Jars^. Valves which 
are worked by a difference of pressure helw’een the 
gases on the two side?, instead of by valve rods or 
levers. Tfie admission valve in very many petrol 
engines acts in tliis manner ; as the piston descends, 
a partial vacuum i.s produced in the cylimler, and the 
pressure of the mixture of air and petrol vapour 
opens the valve and rushes in. 

Automobile. A general term for a mechanically 
proj>eJled carriage which carries its own motive 
power. 

Auto- Transformer (JCieet. Eng.) A form of. 
transformer (q.v.) with one coil only, who.se ends are 
connected to the mains, fi»ruiing the primary. The 
secondary is furni.shf^d by milking (‘onneclion to any 
two points in the <'oil, thus obtaining a lower voltage 
but larger curr^ iiL, iis in the ordinary transformer. 

Autumnal Equinox {A^iron.) The time when 
the sun (lo^^es the equator from north to south, 
passing through the First Point of l.ibra (^^.r.) Sve 
aho EginNOXES. 

Autunite (Min.) A hydrous jsliosphatc of nraniiim 
and > iy< Irate of calcium (C’aO . 3r.,0,) IV)^ . HIl^O : uranic 
oxide^oO r>() ])or cent., phosphoric acid as Jil- 15 j>er 
cent., lime per cent., walerss 15-20 per < eat. It 
crystalli.«.es in yellow rhombic ]>latos. Cornwall, 
Siebengebirtje, Russia, United States. 

Auxiliary ((JUfch^). A secondary compensation 
piece fitted to the balance' of a marine ebronumeter 
to reduce the “middle temperature error.” 

Auxiliary Note (Mtmr). An une.s.seiitial dissonant 
note, a second above or below one of the notes of a 
chord with which it is sounded. 

Avagadro’s Law states that equal volumes of 
all gases at the same tcmiierature and pressure 
contain the same number of molecules. It is of 
fr.ndamenlal importance in chemistry, as it follows 
from it that if we weigh equal voJunies of two gases 
unde? the same conditions, the ratio of these weights 
is the ratio of the molecular weights. The molecule 
.*f hydi’ogen is believed to contain two atoms, so that 
it.'^ molecular weight is 2. Hence, if we find bow 
many times heavier a given volume of a ga.s is than 
flic same volume of hydrogen under the .same con- 
ditions, and multiply the result by 2, we have the 
molecular weight of the gas. 

Avantail, also Yentaile (^r;a.) The movable 
part of a belmet which covered the face. Jt was 
superseflcd by the visor iu tin* fourteenth century. 

Avellane (Her.) A cross whose quarters resemble 
a filbert nut-. When placicd on the mondes of royal 
pcr>onagcs, it is an ensign of sovereignty. 

Aventupine, Avantupine ( (Hass). A brilliant 
variety of glass of a brownish colour fleckeil with 
small g(jld-coloured spangles. This quality is pro- 
duced by the addit ion of oxide of copper. Avanturine 
glass was first muniifactured at Murauo, near Venice, 
about the year IfJOfJ. 
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Aventarine Felspar {Miti.) A variety of ortho- 
ola»e iq.v,) containing minute spangles of tetanic 
iron or limonite. 

Aventurlne Quartz {Min.) A variety of quartz 
containing minute flakes of mica, which give it, 
when cut, a scintillating appearance. 

Average. A mean or intermediate quantity. If 
there be n quantities, qp q.., q^, etc., and their sum 
be Q, then the average value of these quantities, 
often written y, is given by the equation e 
'V. ^ 'Z? „ O' 

Average Current {Meet. Kmj.) The average 
value of an alternating current in the simplest case 
(that of a curve of sines: Alteunatinw CunuENT) 
is *(>37 of the maximum current; but the eifective 
or virtual value, the one required to be known for 
practical purposes, as it is equal to the equivalent 
continuous current, is *707 of the maximum (mrrent. 
This valv.e is obtain€*d by (calculating the mean value 
of the square of tlic curnmt at each instant, and 
• taking the square root of this value. 

Averzant {Uvr.) A right hand which is turned 
so as to show the back. Sometimes termed Doesed. 

Avicula {Zoology). A genus of marine bivalve 
shells forming one of the sources of the mother-of- 
pearl used in commerce. 

Avoirdupois. The Engli.sfi .sy.stcra of weights. 
See Weights and Measures. 

Axe ( Building., eiQ.) A largo wood-cutting tooi for 
rough work. Al^o a pointed liammer used by masons 
for dressing hard stone. 

Axod Arch {B nil ding). An arch with >>rick8 
roughly cut to shape, instead of being carefully 
“ rubbed ” to gauge. See aho Arch. 

Axed Work {liuilding). Hard stone, .such as 
granite, which lias been dressed with an axe, 
leaving tjie surface somewhat ribbed or rough. 

Axes {Miu.X Crystallographic axes are imaginary 
lines of indetinite length inter.secting in a common 
07 'igin. Their relative length varie.s in the different 
System.*? ((/.c.) They are determined by the optical 
properties of the crystal in the first ]dace, and, 
further, from a consideration of the crystal as a 
whole. In systems .showing symmetry the inter- 
sections of planes of symmetry arc often cr 3 'stal- 
logmphic axes. From the o})tical ]»oint of view, the 
axis is a direction in a crystal along which there is 
only one index of refraction, and every ray passing 
along or parallel to this direction obeys the ordinary 
law of refraction. 

Axe Stone {Mm.) A synonym of Jade {q.v.) 

Axial Pitch {Bng.) The pitch of a screw or helix 
(jq.v.) measured jjarallcl to the axis. 

Axial Relations {Min.). A term used in reference 
to the proportionate lengths of the crystallographic 
axes and the angles l:>etween them. See ^Systems. 

Axis. The centre line of a body, or the line about 
which a figure or solid is symmetrical. 

Axle {Bug., do.) A rtid or shaft with or on which 
a wheel or (Aher rotating body turns. 

Axle Box etc.) The bearings or supports 

of an axle, combined with arrangements for lubri- 


cating the surfaces where friction occurs ; practically 
a plummer block with a large oil or gre^e 

reservoir. Commonly used for railway carriages. 


Azimuth {Astron.) The angle, measured horizon^ 
tally, between a vertical circle through a star and the 
south point. 

, Relative {SnreeyiTig). The relative azimuth 

at a point A of the two points b and G is the angular 
distance, measured to the right, between one vertical 
plane pa.s8ing through A and b, and a second passing 
through A and c. 


Azinez. Are compounds containing the group 
shown in the diagram. The simplest azine, phena 
zine, is a pale yellow crj’stalline ^ 

solid with no dyeing properties : 
but many of the azines are /»^ 

portant dyes — <#.//. toluylene red vi I iC 
(neutral red), 

(CH,),N.C,H, < I > G.H, <^®»- 

hi ^ 

is an important cotton dye. 


Azobenzene, — N rr-. N — 

‘by reducing 

nrtrobenzerie' with alkaline stannous chloride. 
JBright orange plates melting at 68®; insoluble in 
water, soluble in alcohol and ether. 


Azo Compoundz. Comx>ounds containing the group 
U,— is=N — where K, may be an aromatic residue 
and Rg either an aromatic or fatty residue; e.g, 
lizobenzene is Cgllg— N-ssN — O^Hj. Many azo com- 
pounds are important dyes — e.g. ebrysoiriine 

CgUj - K = N - See also Congo Red, 

Methyl Orange, and Dyes and Dyeing. 

N 

Azoimide, || S KII {Hydrazoic Acid), A colour- 
N 

loss liquid with penetrating smell, boiling at 37®; 
soluble in water and alcohol ; explodes violently on 
heating. It is a strong acid; the salts with heavy 
metals are very explosive. May be obtained in 
aqueous solution by p}i.Sbing ammonia gas over sodium 
at 200®, forming sodamide ; then passing nitrous 
oxide over the sodamide, dissolving in water, acidifying 
with sulphuric acid and distilling. Water is removed 
by fractional distillation, and then by calcium 
chloride. Also by action of nitrous acid on hydrazine 
{q.v.) and from amino-guanidine. 

CeH^-N- 

Azoxybenzene, \/ 

O 

Long yellow needles melting at 30®, Obtained by 
reducing nitrobenzene with alcohol and .sodium 
amalgam. Heated with iron filings, it gives azo- 
btjnzone. 

Azulejos. Wall tiles imitating mosaic work, umde; 
by the lSi)anish Moors in the fourteenth century, 
though some liave been found in.?.de in the sixteenth 
century. Brilliant enamel colours were used. Ex- 
cellent examples are 1o be seen in tlie Alhambra 
Palace, Crania. (2) A kind of glazed Dutch tile 
paintc(l in colours. 

Azulml^ Acid, A brown powder formed 

when a solution of cyanogen in water is allowed 
to stand. 
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Azove {Scr,) Blue. It is generally coutiaoted 
to az^ and is indicated by hori* 
zontal lines in drawings. 

(Paint.), Fine blue colour 

— eg. that of the sky. The name 
is sometimes given to cobalt and 
ultramarine. « 

Azurlte (iVsn.) The blue car- 
bonate of cojjper, 2CuCO, . CuCOH)^, 
containing about 73 per cent, of 
oxide of copper ; monosymmetric ; deep blue in colour ; 
it also occurs in the massive form (^.»’.) Tt is a valu- 
able ore of copper when in workable quantity. It is 
used to make the pigment mountain blue. Cornwall, 
etc., in Britain ; Chessy in France ; Siberia ; Burra- 
Burra in South Australia, etc. 


B (JBleet.) Symbol for MagisEtic Induction 
(?•'••) 

B (Metallurgy). The letter B is used to denote a 
quality of wrought iron ; B.B. and B.B.B. indicate 
superior grades. See Iron, WnouciHT. 

B (Muelc). The seventh not-e in the scale of 0. 

Babbift’t Metal .) A white alloy largely com- 

posed of tin, used for lining bearings to diminish the 
friction. A good comijosition is tin 96, antimony 8, 
copper 4 parts, by weight. 

Baboook & Wilcox Boiler. See Boilers. 

Baccate Fruits (liota ny). Ii^ucculen t fmita usually 
termed berries, in which the seeds are embenldcd in 
a soft pulp. The date, orange, grape, currant, melon 
are examples. 

Bacilli are micro-organisms, rodlike in shape. 
Many diseases are cau.scd by organisms belonging 
tvi this group, as tuberculosis, typhoid, diphtheria, 
anthrax, influenza, etc*. Sre aUo Bacteria, Anti- 
septics, and Disinfectants. 

Back (Puild.) The extrados (q-c.) of an arch. 

(Carjf.) Tlie toi> surface of a handrail, 

rafter, or any inclined timber. 

Back Balance (Png.) A disc-sbaped weight used 
to counterbalaiKje a loose eccentric which has to he 
moved on its shaft to reverse the engine ; formerly 
commonly used on the engines of jiaddle steamers, 
but nearly obsolete owing to the use of Link 
Motion (q.v.) 

Back Centre (Png.) The “ loose centre ” or right- 
band support of the work in a lathe. 

Back Electromotive Force (PUrt. Png.) See 
Counter Electromotivk 1'\)iicf. 

Back Fir in g (Pngj^ Moityr Cam., etc.) The 
cxplositfb of the gas in the cj Under of a gas engine 
while the piston is performing the return stroke ; or 
the explosion of unburnt gas after its r(jloase from 
the cylinder, before it escapes from the exhaust 
passages or from the silencer. 

Back Bear (Png . ) An arrangement of gear wheels 
on the bead 4 iU>ck of a latlic by which the velocity 
of the mandrel is made much loss than that of the 
coned pulley through which the power is transmitted 
to the lathe. A pinion fixed to i ho pulley, which runs 
loose on the mandrel, drives a wlieel on a parallel 
shaft, and a pinito keyed to the latter shaft drives 
a wlieel keyed to the mandrel. When the reduced 
speed is not required the parallel shaft is thrown out 
of gear, and the loose pulley is fixed to the gear 
wheel on the mandrel. For very l%rge lathes extra 


gearing for still further reducing the speed may be 
used. 

Back Hea^ (BuUd.) The portion of the hearth 
between tlie jambs, i.e. beneath the grate. 

. Backing (Photo.) Coating the back of a glass 
plate with a dull black substance, in order to prevent 
halation (q.v.) 

Backing Boards (Bind.) Wedge-shaped boards 
made of hard wood, sometimes faced with iron. 
They are inserted between the book and the press in 
such a posftion as to help the binder when shaping 
the back of the book with the bficking hammer, 
previous to binding. S^ BOOKBINDINI*. 

Backing Off (Cotton Spinning). The reversing of 
the spindles on a mule so as to unwind the short 
length of spun thread coiled round during the 
operation of twisting and drawing out, previous to 
again winding on to build up the CoP (q.v.) 

Backlash (Png.^ etc.) The amount of free move- 
ment between the two elements of a piece of gearing — 
e.g. in the case of a wheel and its pinion, the amount 
that one cian be moved before the other commences 
to turn, or in a screw and nut the amount that one * 
can be turned before the other begins to advance. 

Back Lining (Carp.). The framing covering the 
wall under the window Ixjtird. 

Back Observation (Svn'eging). One made in a 
direction contrary to the order of a survey-- ^?.//, one 
in which the eye i.s a])pUod to the north sight of a 
mincr’.s dial and not to the south, as in “Fore 
Observations.” 

Back Pages (Typog.) The pages of a printed 
sheet bearing even numbers are termed back 

\ erso ” pages. 

Back Painting. See Crystoleum. • 

Back Pedalling (Cyrles). (.hocking the machine 
by piossingcin the rising pechil ; much pr.lcliftcd by 
the riders of brakeless machines, but impossible on 
a free- wheel. Jn the latter case, however, a 
mechanical brake may be which i.s actuated 

by back-pedalling, tlu! motion being give!K to the 
brake by a (dutch on the axle which comes into 
action on pressing the pedals backward. See aho 
Cycles. 

Back Plate (Arm.) Ihe piece of armour which 
covered th(^ hack of the wearer. 

— (Mmilding). A plate fastened to th(j back 
of moulding boxes to Ktrengtben thorn when the 
molten metal is poured in. 

Back Pressure (Png.) The pressure in a cylinder 
due to the steam (or exhaust ga.s) which is still 
escaping by the exhaust port. Shown on the 
indicat orhliagrara by the height of the bottom line 
of the diagram above the atiDo.spheric line (q^v.) in 
non-conden.sing engines, or above the line of no 
pressure or absolute vacuum in condensing engines. 

Back Putty (Build.) The putty put in the rabbets 
of a sash b(*fore the glass is inserted. 

Back Rest (Cotton Wcam/ng). The back erossrail 
or r.dler of h^om over which the warp passes in a 
horizontal direction to the he?Uds and reed. 

Backs. A quarryiuan’s term for one set of Joints 
(q.v.) liaversing a rock, the other set being known as 
(JUTTEES. 

Back Bav. Any saw (e.g. a tenon saw) whose 
blade is stiffened by a bar fixed along one edge of 
the blade, the teeth being on the other edge. 
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Back Stay* or Back Best A support 

for long work shafting) wMoh is being turneii in 
the lathe ; it prevents the work from springing awq.y 
from the cutting tool. It travels with the slide rest, 
so as to be near the tool and close behind the point 
at which ]>ressure is being api)Ued. 

Back Stops {Cnttiyn Spinning). Buffers, used to 
prevent the mule carriage from going beyond a 
certain point during its inward run. 

Backward Bcoentric (fing.) The eccentric used 
when the engine is reversed — one <ff the i>air 
always used with link motion. 

Backward Lead of Bruises {Elect, Eng.) See 

Lead or BnusnEs. 

Backwasher {Woollen Many f Ac.) The machine 
througVi which the wool is passed after carding. It 
consists of the trouglis containing the cleansing 
solution and of a number of hot drying cylinders over 
Which the wool ^visses to a gill box. 

Backwater Pamp. A })ump used in tlie manu- 
facture of paper for conveying sur])lus water 
obtained from untlerneath the machine w'ire. 

Bacteria. Minute unicellular jilants flevoid 
chl»>ro[)]iyll (q.v.), and of a Pauasitic or Sapbo- 
PHYTIC habit {itec PAUASTTLCS awl J^APltOPHYTJflS). 
Tlujy are ftumd every wlu re in nature. They 
attach themselves to the surface of every substfiiice, 
and are present in varying numbers in air, water, 
etc. Tliey are broadly divided into two classes — 
those that produce <iisease (the rATiIOGKN'K" Bac- 
TEiilA >,an«l the luirniless ones (the NoN'-TATnoaENlC 
A ). With conditions suitable to their growth 
and developnmnt they multijdy with incredible 
rapidity. It is caleiilaied that iieiuiy seventeen 
niilh- 'll" organisms are jiroduocd from one cell during 
tweifty-four hours. Sunlight, heat, and certain 
elienjical agents are destructive to many of tlic^.e 
germs; their destruction is termed StkhilisatioN, 
ajul a sub^itaijce caj^able of destroying them is 
termed an antisepti«% or in ordinarv language 
“disinfectant," tlie latter void being also usc<l in 
a somcw^jiit vider ^€*n•'C. 

Bacteriological Examination of Water. It is 

recognised tliat certain Zymotic DhsEASEs {(/.v.) can 
be produced by a contaminated water supply. These 
disGiise." are due to pathogenic bacteria {sec 
llACTEiiIA). The presence of these <1isease-produ- ing 
organisms can only bo determined by bacteriological 
exiimination. It. is extremely important, therefore, 
that water should t>e examined both chemically and 
bact enoh^gieally. 

Baculus Archwol.) Literally a stick; the 

long staff or rod used for support or us a mbol of 
power. 

Bad Colour ( ^'y$>og.) When too much or too little 
ink has been used. 

Bad Copy K'l'gpog^ A term applied to badly 
written Mh. 

Badge ( =»t\>gnisanee in Her.) Originally a dis- 
tinctive dev icc bitrne bj” the followers <if a knight; 
used later to identify the proiHsrty of a person and 
as a sign of office. A ba4gc cannot be regarded as 
armorial bearings. 

Badger Plane ( (Jaep,) A plane used for working 
wiile rabbet^. 

Badgers (PAinf.) Brushes made of badger’s 
hair. 


Badger Softener {JJeo.) A brood flat brush the 
hairs of which are set to spread outwards, so that 
they may be lightly drawn over grained , work 
during its progress to soften down tue edges and 
smooth the marks representing the grain. 

Badigeon ( Build.) A mixture of plaster and stone 
used primarily for mending cracks in stonework. 
Afterwards used as a kind of paint or distemper to 
colour plaster work. A similar term is used for glue 
and sawdust worked up to repair woodwork. 

Bad Matter {Typog.) A term applied to type 
inteiidcrl for distribution. 

Baffle Plate vr Baffler {Eng.t etc.) A plate fixed 
in the path of a moving fluid (liquid or gas) to check 
or alter the direction of flow. In furnaces it directs 
the hot gases (and therefore the flames) against 
paits required to be heated, instead of allowing 
them to pass directly along the flue. 

Bag and Spoon Dredger ( l^vil Eng.) A dredging 
apphance resembling a large butterfly net, the ring 
round the net being .strong enough to loosen material 
from the bottom of the river or channel. 

Bag Hides {Leather Manvfac.) Hides tanned for 
bag work. Light or half-tannod hides are i^plit with 
a splittkig macinne, which divides the hide into two 
“splits.” The upper or GRAIN Split is used for 
bag work after being fully tanned anrl dyed. The 
lower or Fljcsh Split is used for insoles and 
stiffeners in hoots. 

Bagshot Beds {Geol.) The Eocene strata which 
succeed tlie Lc»nflon Cla> in the South of England. 
They are of nuirine origin and mostly consist of 
sands, which range to about 120 ft. in thickness. 
They iii^ repicsented in Belgium by the Systfeme 
Yprc'siau inf6rieur, and in the Baris Basin by the 
Lits CoquilHers. Beds of the same age are well 
exposed in the Isle of Wight. 

Bainbergs {Arm.) Extra defences for the shin, 
made of iron or le.itlier, and buckled over chain 
armour. Superseded eventually by greaves. 

Baize. A coarse woollen material with a long 
nap, miiiiufactured in Yorkshire. 

Baked ( Tgpog.) Said of type when caked together 
and hard to distribute. 

Bakehouses {Hygiene). The Factory and Work- 
shop Act, 1901, contains a long series of enactments 
for sanitary regulation of btikohouses. This regula- 
tion is a matter (»f considerable importance, not only on 
account, of the large number of men employed in the 
trade, but also on account of the importance of 
bread as an article of food. An underground bake- 
house cannot be used as such (Section 101) now 
unless tho sanitary authority certifies that it is 
suitable as regards construction, light, ventilation, 
and all other respects. 

Baking {Pot.) Firing the objects made of clay, 
which wouhl otherwise fall to pieces when dry. See 
Bisque Oven, Glost Oven, Enamel Kiln, etc. 

Baking Powder {TTygvem). Generally a mixture 
of bicarbonate of soda, tartaric acid, and some form 
of starch. When this mixture moistened it gives 
off a quantity of carbonic acid gas, 'which aerates the 
bread and makes it light. 

Bala Beds {(rcol.) Hocks of ypi>er OrdoviciiHQ 
age, typically developed in the '^la district of 
North Wales. They include rocks of both sedimen- 
tary and volcanic origin. In the typical district 
they are richly fossiliferous, and these fossils include 
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a great variety of graptolites, wbic;h occur in dark 
Ktiales in deep water. An extensive suite of 
Brachiopoda and Trilobites is found in the other 
types of sediments. 

Balance Chsm.^etc,') A delicately poised 

beam or lever of tlie first kind, witli equal arms, 
constructed so that the centre of gravity of the beam 
lies below the level of the fulci-um. From the ends 
of the beam hang the scale pans, supported by slings 
which turn on knife edges, so t hat they alw-ays liang 
vertically. See also Spbing Balance.* 

(^Paint.') General harmony in a picture. 

(^Watches). The “lly wheel’' of a watch, 

chronometer, or portable clock. 

Balance Box A box containing the 

weights used to counterpoise a balance crane (//.i*.) 

Balance Crane {Eng ) See Cbanes. 

% Balance Cylinder (AViy.) A small cylinder con- 
taining a piston attached t-o the valve rod of a large 
vertical engine to neutralise the weight of the valve 
and rods, and hence to render the valve easier to 
move. The weight of the main piston is also 
balanced in the same w'ay in some engines. 

Balanced Steps ( Carp,) 

The nuitliod of arranging the 
steps of g(*.ometri(^al stairs to 
increase the going (width) 
at the small ends of the 
winders, and to give a better 
falling line to the handrail. 

Balance Gear ( Motor Ca r^f). 

See Differential Gear. 

Balance Bpring or Hair 
Spring ( Watchmaking), An 
elastic spring attached by one 
end to the collet of the balance, the other end being 
fastened to the stud on a fixed part of the move- 
ment. Its use is to restore the balance wIum'I to its 
position of rest after it has been displaced. Sec also 
Balance and Balance Wheel. 

Balance Weight (JUng.) A weight used to balance 
moving parts wiicn i aiming (sec Balancing) m* 
merely to render some jxjrtion of a machine easier to 
move by hand, or to relieve any stnu turo of undue 
stresses. An example occurs in the balance crane {q.v,) 

Balance Wheel ( Clocks and Watchex). The regu- 
lating wheel of a watch or chronometer, wliose 
alternate movement in opposite directions fulfils the 
function of a pendulum. It constantly tends to 
return to a fixed position of rest under the intluence 
of a spiral spring attached to its axis (the; balance 
spring or hair spring). 

Balancing of Machinery. The adjustment of the 
moving parts so that the forces on the bearings, axles, 
etc., due to the movement, remain as nearly constant 
as possible, llius a lapidly rotating w heel is properly 
balanced when it is absolutely symmetrical alK»ut its 
axis of rotation. - Any nnsymmetrical portion (e.g. a 
' crank pin) must be compensated by the addition of 
a suitably adjusted counterpoise weight on the oppo- 
site side of the centre. A truly balanced machine 
should run without vibration or rocking when freely 
suspended in the air by chains or other means, and 
this test can actually re applied to many pieces of 
mechanism. 

Balac Ruby (Min,) The rose-coloured variety of 
bPTNBij (g.v.) Used as a gem. 


Balata (Botam^y Mxmueops palaia (order, Sapo* 
taee(B\, A guttapercha from the stem of the 
Brazilian milk tree. It was introduced to replace 
the ordinary guttapercha, 

Baldachino, Baldachin, or Baldaquin (ArcMteet,) 
A canopy. Generally used to denote the canopy over 
an altar, which is usually supported on columns, but 
occasionally suspended from the ceiling. Also known 
as the C^iborium and as the 'J’abbenaclb. 

Baldric ( Cost^ ( 1 ) A shoulder-belt, whence baldric- 
'wi^e, worn across one shoulder and under the opposite 
.arm. Generally used to suspend weapons. (2) The 
leather by which the clapper of a bey was at one 
time suspended. In o\fi churchwarden accounts the 
term frequently recurs, as use soon wore out the 
leather, necessitating renewal. 

Baldwin’c Phosphorus, (’alcium nitrate. CallcHl 
Baldwin’s Bliosphorus because Baldwin observed that 
when heated it bcc<mies ])liosphorescent-, though it 
has no relation whatever to phO‘^j>horns. ^ 

Bale Breaker ( Cotton Splnnlmf). A machine used 
in the blowing room for loosening the matted fiV)rcs 
in the compressed bale. There are two kinrls ; (1) the^ 
spiked roller ; (2) hoj)per feed. 

Balk (AV/., t\irp., etc.) A log of timber roughly 
squared up by the aw. 

Ball (Mctalltirgg). ’riic mass of spongy wrought 
iron collected from the puddling furnace (g.r.) rcudy 
for hammering to expel slag an<l consolidate the 
iron. 

Ballast (Bti(h) The loose material laid on the 
surface of a pennanent way (/y.c.) to steady the 
sleepers and to help the drainage of the line. Usually 
brf>ken slag, cinder, stone, etc., of a de):)tJj of 18 
in. Also "the material placf>d in empty cargo 
ves.sels to .'sink tlic hull to a depth rjecc>saTy to 
en.su le stability. 

Ball Bearings (Cycles^ Cars, etc.) Any bearing in 
which the bearing surfaces are separated by .small 
hardened steel spheres, turned vt^ry true. Frequently 
the bearing .surface.^ form a hollow and a stdid oono 
with the balls between th*m : or the ballt run in a 
channel of hemisphe/ical section termed a “ball 
race.” See also CYCLES. 

Balled Warp (CotUm Weaving). A warp or 
number of threads coiled in the form of a large ball 
for easy tran.sit and handling. 

Ball Flower (ArcJtitec’t.) A , 
small ornament of .spheric-al » 
shape used at intervals in a I 
hollow moulding. ltwa.suscd ] 
freely in J)ecorated Gothic | 
work, and occasionally in tlie • 

Farly Fnglish jjeriod. ^ 

Ballliig, Balling Vp(Metal- 
largy). The formation of the ball of jjuddled iron 
(q,v.) 

Ballistic Pendulum ( Pkys., Meckanics), A heavy 
IKJndulurn, with a l><di adapted to receive and retain 
a i>rojectile fired into it. By observing the vertical 
distance tho bob rises, and knowing its weight we 
obtain tlie kinetic energy of the projectile, and 
hence its velocity at the moment of impact. A 
modified form of ballistic pendulum is also used for 
experiments on falling bf>dies. 

Ball Joint (Eng.) A joint in which one member 
forms a part of a sphere fitting a corresponding 
hollow in the other*; it allow.s play in all directions 
except along the axis of the two members. 




Ball Floweil 
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BalloonlAj {Cotton Symning), A defect in ring 
spinning caused by the high velocity of tbcT ring 
traveller. This has the effect of causing tbe spnn 
thread to fly outwards as it winds round the bobbin. 
Guards are fixed to counteract this, of which there 
are several kinds. 

{Eng.) The lifting of the sediment in a steam 

boiler by titc action of the steam. 

Ball Pane. Sne Hammers. 

Ball Race. See Ball Bearings. 

Ball Valve {Etig.) A valve in the form of a 
sphere. It can turn round in its seat, thus securing 
more uniform wear. 

{Plu7nh.) A'cock uscS for supplying water to 

cisterns, governed by a liollow ball, ii-\ed to tbe end 
of a lever. As the water rises above a given level, 
the ball raises the lever and closes the tap, the 
falling of the water level opening it again. The 
cistern is thus kept filled to a constant level. 

Balsam of Peru. Toluifera {Mgroxylon) perrine 
(or<ler, Legumimnte). An exudation from the stem 
after removal of the bark. Used me<lioinally. Hee 
also Balsams. 

Balsam of Tolu. Toluifera {MyroxyUm) punctata 
(order. Legumimstp'). A balsam obtaine.d by incision 
of the bark. It is u.sed in medicine. See aho 
B.\lsams. 

Balsams. Exudations from certain plants ; they 
t'ontain V)cnzoic or cinnamic acid or botli, u volatile 
oil, generally a benzoic or cinnamic and a 

resin. Most important balsams are gum benzoin, 
(‘ontaiuing much benzoic acid {q.v.\ Balsam of 
I'eru, Balsam of Tcdii, and Storax, which contains 
Ktyrene, ( gH^CH : CHj, They are reddish-brown 
solid or semi-solid .suVistances, insoluble in water, 

but siduble in alcohol. 

« 

BalteuSy pi. Baltea {Cost.) The .«>!ioiilder belt 
used by the Uomans. and fiom which hung t)je.«?word 
along tlic left hip. 

Baluster {Archi- 
tert.) cl 2 A kind of 
small column used 
in a scries, with a 
capping, to form a 
protective fence. (2) 

A roughly formed 
mid-wall shaft usikI 
in belfry windows in 
S;ixo!i architecture. 

(3) The iv.turn ](art 
of the Ionic volute. 

Sf*c Anolo - Saxon 
and Bolster. 

{Cwrp.) A 

slender column supporting the handrail and con- 
necting it with the stairs oi landing. 

Balustrade {Architect.) A series of balusters, 
upon which a capping rests, either forming a pro- 
tecting fence or employed merely as an ornament. 

( Carpt and Join.) A row of balusters capped 

by a handrail. 

Bambocoiata {PaM.) A representation of rustic 
or grotesque scenes not always of the highest order. 
Barnboccio (a dolt) was the nickname of I^icr van 
Lacr, who painted many of these scenes. Teniers 
and Van Ostade have also painted similar pictures. 

Bamboo. Bamhma (order, Qraminetp). This ex- 
tensive genus of giant grasses has many economic 


uses, particularly in the East, where they fumisb 
material for building and for every domestic use. 

Bamboo Frames {Cycles). Bamboo rods have 
been used to replace metal tubes in cycle frames* 
for the sake of lightness, but are not likely to 
become general. The lugs are sometimes made of 
aluminium. 

Banana. Musa sapientum (order, Musacete). The 
seedless fruits of one of the most valuable food 
plants known. The fibres of the stem and leaf stalks 
are used for cordage. 

Banca Tin or Straits Tin {Met.) A pure ore 
from Malacca and 'Banca; the best tin found. 

Band {Architect.) A flat member or moulding 
larger than a fillet, but smaller than a fascia. In 
Gothic architecture, a flat moulding or a series of 
ornaments forming a string coarse. 

( Cost.) The collar which succeeded the 

uncomfortable ruff. It still survives as part of a con- 
ventional diess, whether academical, coclesiasticaV 
or legal, and is now termed bands. “Band-box” was 
formerly the light box in which bands were kept. 

{Eng.., cte.) A flat driving belt ; also applied 

to any thin strap of nu'tal or other material fixed 
round the circumference of an object. 

Band Brake {Eng.^ Motor Cars, etc.) A band of 
steel (sometimes witli wood blocks along its inner 
*'idc) fitting round a drum on the shaft ; one end i« 
fixed to the frame of the machine, the other to a 
IcvcT by which it can bo drawn tightly round the 
drum tt> check its rotation. Band brakes are much 
used on motor cans. 

Banded {Her.) When the tie or fiUet which 
hinds a heaf of corn or arrows is of a different 
tincture from the sheaf, tbe sheaf is said to be 
“ t landed of that tincture.” 

Banded Structure {Qeol.) This term is merely 
descriptive of an appearance in the rock under notice 
wliiidi is due to a parallel arrangement of layers of 
dilTcri-nt char.’icter. It is. however, coming into use 
in a more restricted sense, as descriptive of the 
parallel structures observable in gneisses, which are 
due to alternate folia of different mineral composition. 

Banderolle, Banner Roll {Her., etc^ ( 1 ) The small 
streamer which hung from the crook of a crosier, 
and was generally wound round the staff ; (2) flags 
al»out 3 ft. square carried at funerals ; (3) long 
baiKls used in scrollwork, etc. ; (4) the streamers 
Trom u lance. 

Bandoleer or Bandolier ( Cost. ) A shoulder belt 
with loops in which cartridges are carried. 

Bands {Hind.) The cords to which the sheets of 
a \olumc are sewn. In flexible sewing the bands 
appear in the back, but when the sewing is so 
executed that the cords are imbedded in the back, 
tbe appearance of raised bands is obtained by glueing 
strips of leather across the back before binding. 

See Band ( Cost.) 

Band Saw {Carp., Eng.) A thin, flexible, ribbon- 
like saw, with its ends brazed together, and driven 
over revolving pulleys, between u hioh is a table for 
the work, with a slit for the saw. Used chiefly for 
wood, but sometimes for metal. 

Bai^o. See Musical Instruments : String. 

Banjo Frame {Eng.) A short connecting rod 
made uf several bars joined in a kite-shaped frame. 

Bank (Tgpog.) A table or bench on which sheets 
are placeil as printed. 



Bali'stkii, S\xo\. St. Bknkt's, 
Cambriuck. A.D. 1000. 
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Bilker {Building), A^mason’s or plasterer'a bench. 

Banking of Oyde Tvadci {Ogoleg), The raising 
of the ouiur edge of a bend in the track to counteract 
the centrifugal force, which would otherwise carry 
the niachine off the track when trying to turn round 
a l)end. 

Baitfcing Up {Bng,) Covering a bright dre in a 
boiler with a closely beaten mass of ^mall coal, to 
secure slow combustion when little or no steam has 
to be produced. 

Banner {Her,) A large flag, square in shape, on 
which was a coat of arms or device. One edge was 
attached either to the staff or to* a rod pendaut from 
the top of the staff. 

Baptistery {Architect.) A building, or part of a 
building, in which the rite of baptism is or was 
administered. In Early Cbristian churches the 
haptisteiy was a separate building kept quite 
distinct rrom the basilica (q.r.) 

Bar (A%., etc.) Usually a rod of metal of various 
forms of cross section. Also applied to many parts 
of finished structures or machines. 

‘ {Her,) A diminutive of the fesse; it only 

occupies one-fifth of the field. It is horizontal. 

{Idtce Manufactnre). A term applied to most 

of the longer parts of a lace machine, but when used 
without a prefix generally means the steel or guide 
bars— thin ribbons of steel with holes or perforations 
at certain accurate intervals. 

{Maritw), A bonk or ridge across the mouth 

of a harbour or inlet; not necessarily roa cl dng the 
surface at any point, but sufficiently near i o impede 
mavigatiou. 

{Mmic). (1) A perpendicular line drawn 

across the stave, immediately before the strong 
accent; (2) a measure of music contained between 
two pctrpendicular lines acr(»s8 the stave. 

Bar Armature (Elect. Eng.) A large armature 
in which the windings are built up of copper bars 
infiftcad of continuous wire, which would have to be 
of too large a size to be convenient. The connections 
to the commutator and between different bars are 
made by copper strips of suitable sha]je, attached 
to the bars by well made soldered joints. In the 
case of alternating current motors the rotating portion 
is often constructed in a somewhat similar manner, 
but the connections between the ends of the bars are 
much simpler, fiee Monopha.se and Polyphase 
Motobs. 

Barbadoes Tar cr Jew’s l^itch. The mineral 
pitch imported from Barbadoe-s : from it is made 
black vamisb. See alto Bitumens. 

BarbeCO?^^.) Piece of white ])laited linen yuissing 
either over or under the chin, according to the rank 
of the lady wearing it. Was generally worn by 
widows, and still w'om by nuns. 

Barbotiue {Pot.) Kaolin clay worked into a paste 
or slip from which objects can be moulded. Used 
for the decoration of pottery. Sometimes used for 
^the vases, ctc./so ornamented. 

Barded (Tier.) A horse covered with armour is 
said to be barded.” 

Bare {Eng.) A term somewhat loosely used to 
ifidieate a somewhat smaller than its 

nominal size ; the egression should be avoided 
when possible. 

. • Bdrefaee Tenon i^Carp. mid Join.) A tenon with 
ekoulder on one side only. See Tenon. 


Barife Proeese {Eng.) Irc^ , protected from or- 
dinary red rust by heating to re&ess and exposing 
it to steam, thus producing a coat of the so-called 
magnetic oxide of iron, FcgO^. 

Barge Boards { Carp .) The boards fixed at the 
gable end of a roof, forming a lining betwem the 
roofing material proper and the interior. 

Barge Course { Building ), The row of tiles or 
slates over the gable. 

Baritone { Mutic ).^ (1) A i^e vlice between a 
buss and tenor ; (2) a brass instrument. See Musical 
Instruments : Haxhoiin. 

Barium, Ba. Atomic weight, 1J17A A silvery 
white metal which fapidly oxidises in air and 
decomposes water. To obtain it a solution, of 
barium chloride is electrolysed with a mercury 
kathode, and the barium amalgam so obtained is 
heated in a porcelain tube by means of a platinum wire 
kept at a temperature o£ about 1150° by an electric 
current. The mercury volatilises first, and tl^n the 
barium, which is nearly pure. Barium does not 
occur native, but in combination It exists in many 
minerals - e.g. Bahytes, Withkbite, Baryto Cal- 
CITE, Alstonite (q.v.\ etc., etc. 

Barium Compounds. Barium Oxides, BaO, ob- 
tained by caret iilly beating the nitrate, is a white 
solid having the properties of a tyiucal basic oxide 
(see Oxides). Combines writh evolution of much 
heat with water to form Barium Hydroxide, 
Ba(OH).., a white powder more .soluble in water than 
slaked Jirne ; tlie solution i^ called Baryta Wateil 
Barium Dioxide, BaO.„ prodoee<l by beating the 
monoxide in air or oxygen. It is a typi(“al peroxide 
{sec OXIDES ujid Brin’s 1 Process). Barium Sul- 
phate, liaSO^, is an insoluble while powder, and 
the chief .source of barium compounds. Heated with 
ch.arcoal it forms Barium Sulphide, white 

solid which dissolves in dilute aiuds, forming the 
corrcspontling salt and sulpliuretted hydrogen {see 
also Bolognian Phosphorus, J?ARYTEs,"a7t<i Blanc 
f’ixE> Barium Citloridk, i;aC1.^2Il20, a white 
cry.‘'lalline solid which may be obtained from the 
sulphate as inclicateil ab«>ve; its aolutioil is used 
as a test for soluble salpliates. which form with it 
the insoluble barium sulphate. Barium Nitrate, 
BatNOj,)^, a white crystalline solid used in making 
“ green iire,’’ and also as a test for .sulphate; maj" be 
obtained from the sulphate as indicated above. The 
soluble barium comj)onn4ls are poisonous. See aim 
BARYTK.S. 

Bark (Botany). The dead tissue fonned on the 
out. side I'f tlie cork cambium. It often contains 
v/astc products, alkaloids, tannin, resins, etc., and 
consequent!}' is of great economic value. 

Bar Lathe { Eng .) A small lathe whose bed 
consists of a single bar of triangular or rectangular 
section. 

Barley. Hordeum v^Ugare (order, Qremine < e ). 
Several varieties of the species are cultivated ; the 
two-rowed barley is the most common, while the six- 
rowed variety (known as Bere or Bigg ) is more 
grown in Scotland. The hardiest is the four-rowed 
barley. . Barley grain consists of four envelopes. 
The presence or absence of the husk determines the 
commercial preparations. Barley meal is prepared 
from the whole grain ; pearl barley (which is used in 
making barley water), Scotcli and milled barley are 
deprived of the liusks. (Jakes made from barley are 
found to be of less nutritive value than those made 
from wheat. 
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Barlow’B Wliadi (^M.) .A copper disc pivoted 
between tiie^ poles of a permanent magnet. If a 
current be caused to flow along a radius of the 
disc, the latter rotates ; if the disc be rotated by 
meohanical means, a current is set np. The 
instrument thus acts either as a motor or a 
dynamo. The, plane of the wheel and the direction 
of the current arp at right angles to the plane of 
the magnet; thus the lines of force, the current, 
and the direction oi. motion are mutually at right 
angles. ^ ^ 

Barmen Machine (JLaoe Manu/ac.) So named 
from “ Jlarmen ” in Germany, where it is principally 
made. It if» a developmcij|; of the ‘*<lolly'’ or 
braiding machine, and produces a clever imitation 
of ** Torchon ” lace. In its latest improved fonn tlie 
production enn scarcely be distinguished from the 
** real article. Manufacturing centres, Barmen and 
Nottingham. 

Bar Mill ( Bolling mill for producing bars 
of irc^ or sUm-I. 

Barograph eta, ) An instrument for con- 

tinuotirtU recording the lieightof the barometer. In 
tlie simplest form the levers of an aneroid (see 
BAUOMKTitRd) mark the height of the barometer 
(i.e, the atmospheric pressure) upon a rotating 
drum ; when a mercurial barometer is used, a stri]> 
of ficiisitised paper may be drawn slowly pas*t the 
top of the lULTOury, and a line will be left showing 
the boundfiry of the shadow which marked the 
height of the mercurial columfl at each instant. 

Barometer. A banjmeter is an instrument use<l 
for mea'iiiriiig the pn»s.suro of the air. Tiic simplest 
form is shown in tig. 1. li consists of a vertical tube 
something over 80 in. high, closed at thf' tt>p. 
This is filled with mer- ^ 

cui-ytind inverted with j 

its ojjcn end unrlei tiie | 

surface of mercury con- 
tained in a .‘•halh>\v 

vessel, A. Ti.'c mercury e 

in the tube falls to a a 
height In, \Nlijch is 
usually betweeen 2S 
and 80 in., according 
to the pre-.sujc of the 
air. Ti.e space above 
n in a properly con- 
structed barometer is 
a very perfect vacuum, 
and is usually t<M'med 

the Torricellian Vac- ir-tio 

uum, after its dis- 
coverer. A more con- 

verfieut form of. ^ a 

barometer consists nf ] [ I 

a tube bent into the ^ ■ 

form shown in fig. 2, 
termed the Syphon 

Barometer. The tube ^ • -• 

is completely simpIe F. b«»h“etok. 

filled wdth mercury and Baiometiur. 

then placed in a vertical position, the supierfluous 
mercury being allowed to flow out at d. The vertical 
height between the levels pt the mercury at A and B 
is in this case the height of the barometer. It is 
necessary to note that in this case a fall of half an 
inch at b will be accompanied by a rise of half an 
inch at A, and therefore the total height will have 
been diminished by 1 in. If, then, a fixed scale 
is attached to the longer tube, it will liave to be 


Syfuon 

Barometer. 


divided into half inches, andS^each half indh numbered 

as if it were 1 in. In many cases a small ;fli|ut 

rests on the surface of the mercury at A»,aitd a,. cold 

attached to this float 

turns a revolving 

pointer, .which indi- 

cates the Ibeight of the ^ 

barometer on a gradu- 

ated dial, Foraccurate r *' i " =a c=rr 

work a modified form 

of the cistern bare- ^ 

meter devised by Fortin 
is frequently used. In 

barometer the 
the mercury in 
cistern is first adjusted 

to a constant level. ^ ^[J 

Tbe means of doing I, [ 

this are shown in fig. 3 . l_„ ^ 3==:., 

The barometer tube A g 

passes into a cistern^B), 
of which the epper part 
IS of glass. The mer- 
cury in this cistern is retained by a false bottom, 
formed by a flexible sheet of leather (C), attached to 
a ring (F). This flexible bottom can be moved up 
and down 1)3’' a set screw (D), w'hich passes out at the 
bottom of the eistc'm. The level 01 the mercury in 
the cistern is raised or lowered turning the st’.rew 
D until an ivory point B oxacjtly touches the surface. 
When this is the case a ^ 

fixed scale on the tube A P 

gives tbe exact height of f 

the mercury in the tube 
above the level of tlie 

mercury in the cistern. | l - — ■ — 1| 

The mercurial barometer 4 .— Aneroii». 

is not suited for any pur- 
pose Nvherc portability is required, and a different 
principle is used in what is called the “Aneroid’* 
barometer. This principle is illustrated diagram- 
matically^ in fig. 4. A shallow metal vessel (a) is 
elosed bv a thin corrugated top of flexible metal (B), 
and is exhausted of air. An increase in the pressure 
of the air will compress the flexible top b inwards, 
and a diminution in the pressure will cause it to 
spring out. The movements of B are rendered 
visible b}' means of a lever (D) attached to its 
centre in the manner shown in the diagram. — CoB- 
KECTIOX9 OP THE BABOMBTBB READING : Both 
the mercury in the barometer and the material of 
which the scale is composed are liable to expansion 
and contraction by dfianges in tbe temperature of tbe 
air, and for this reason readings are reducisd to their 
value at 0'^ O', in the case of accurate observations. 
The following formula for reducing the observations 
is proved in works on heat : 

H « the true height of a barometer at 0° 

ht — th.e observed height at a temperature t. 

5 — the coefficient of cubical expansion of 
mercury'. 

a — tbe coefficient of linear expansion of the 
material of the scale. * 


KlO. 4.->ANERUlIi. 


h, { 1 -(J- o)t }. 


For a barometer with a brass scale, talijiBfif the usual 
values of a and 5, this formula liecomes 

H«h (1 - -0001020. 

Barometer Correetione {Phys. ) See Barombtbb 
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Barometer, Kerciirial (^PhyK) See Babometeb. 

Baroque CArt,) Ornamentation that is grotesque 
or in baa form. 

{ArehUeet,) See Renaissance Abchi- 

TBCTTJBB. 

Barrathea {Woollen Manufac.") Small fancy 
weave of a broken mat type applied to dress and 
coating fabrics of this name. 

Barrel {Buildmg). (1) Iron piping used for gas 
or water ; (2) the cylinder in which the piston of a 
pump works. 

{JSng,t ete.") The cylindrical part of many 

structures — e.g. the body of a pump, locomotive 
boiler, rifle, or gun. Also tlie part of a machine on 
w’hich a rope or chain is wound, either on the surface 
or in specially cut grooves. 

{Watches). The cylindrical box containing 

the mainspring. 

Barrel Yault {Architect.) A vault of semicir- 
cular cross section. It is the simplest kind of vault 
used to cover a rectangular spai'e. It was used by 
the Romans and also by the Romanesque architects. 

Barrier Pillars {Mining). The largest pillars left 
to support the roof in a mine. 

Barrov {ArcJueol.) An artificial hillock or 
mound heaped over the graves of presumably 
notable individuals in prehistoric times. 

Barrulet (Her.) Is one-fourth the width of the 
har^ and occupies one-twentieth of the field. 

Barruly (Her.) Said of a shield traversed by 
more than eight bars. 

Barry (Her.) A shield divided into an even 
number of bars. 

Barry Bendy (Her.) The lines dividing the 
shield are drawn both barwise and bendwise. 


Barry Pily (Her.) The lines are drawn barwi&e 
{i.e. horizontally), and then divided into an equal 
number of piles or wedge-shaped pieces of alternate 
tinctures. 


Barry Wavy (Her.) When the horizontal lines 
are wavy and not straight. 

Bars Gemellea (Her.) Bar- 
rulets in couples. 

Bar Bolder Plumb- _______ 

ers’ solder, composed of two ■■■ -■■■ ■ 

parts of lead to one of tin, cast 
in the form of bars, and userl 
for wiping joints. 

Bar Stays (AV^y.) Rods used 
to strengthen a boiler ; so called 
to distinguish them from stays 
which are also tubes, through 
which water circulates. 
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Bar Timbering (AfiniTig). Siipport-s for the roof 
of a level, etc., while the material beltiw is excavated 
and the permanent supports (masonry, etc.) are being 
put in. 

Bartizan (Architect.) A small turret projecting 
beyond the face of the main building. 


Bartonian Series {Geol.) A name used for the 
Middle Eocene strata of the same age as the 
fossiliferous clay seen in the coast at Barton, in 
Hampshire. This is a marine deposit containing 
an abundant suite of fossils, chiefly of types 
analogous to those animals which at the present day 
frequent the seas of sub-tropical regions. 


Bar Traoery (Architect.) The form of window 
tracery used in Gothic work after the early part of 
the Decorated period. In this kind of tracery the 
mullions are carried up into the head of the window, 
and have the appearance of having been bent to the 
required shape. See Tbaceby, PLATE Tbacery, and 
Flamboyant Tbaceby. 

Bar Trees ( Woollen Marmfae.) See Woof. 

Baryta. A common name for barium monoxide. 
When the latter is shaken with water the solution of 
barium hydroxide so obtained is called baryta water. 

Barytes (Afin.) Barium sulphate, BaSO^ ; barvta= 
65*7 ; sulphuric acid =54*3 per cent. JLt crystallises 
in a grt'at variety of firms of the rhombic system. 
It is one of the most insoluble minerals ; colourless 
or varii>ubly tinted. It is used largely in the 
manufacture of permanent white and for admixture 
with white lead and in the manufacture of paj»er 
for process printing. For these purposes pure 
barytes is in much demand. When stained by ferric 
hydrate, the mineral lias to lie treated w'itli sufpburic 
acid before crushing. It is an important gangue 
metal, often being found in lead-bearing veins. 
Some of the best known localities are Silvera Band • 
Mine near Milburn, Iluiidale Mines near Duftnn 
in We.stmorlan(l, Whitehaven in OumbtTland. Wan- 
lockliead in Diimfriessliire, eti*. 

Baryto Calcite (Min.) A combination of t)ie 
carbonates of calcium and barium crystallising in 
monosym metric prisms. BoCXlg . C'aCOj. barium 
carbonate, ** 66*5 ; calcium carbonate — 5.5*7 ]H‘r 
cent. U.sually white or pale yellow, Found rir*ar 
Nenthead on Alston Moor, and at Wall, near 
Hexham. 

Basal (Min.) A term used to designate a plane 
parallel to or coincident with a face normal (or at 
right angles) to the principal axis of a cr^’stal. 
Thus the basal cleavage of barytcsis a cleavage 
parallel to the ba.sal face, wliich is itself normal 
to the principal axis. 

Basalt (Geol.) A hemicrysttillinc r<jck ol ba-MC 
composition which contains, besides the glassy or 
litiioidal ground mtiss, crystals of a lime soaa fel’sjiar 
(which is u.sually Labradorite), Aurite (or some 
other pyroxene), Olivine, and Ilmenite. It forms 
lavas and also dyke.s and sills. It i.s usually a dark- 
colouied, heavy rock, whicii weathers with a more 
or less ferruginous crust. 

(Arehcpvl) Tiiis stone was used by the 

Egyptians for sculpture and building. Sec aho 
Building Stones. 

Basalt Glass or Tachylite (Geol.) A somewhat 
raie native glas.s of basic composition, corresponding 
t(» the PiTCHSTONES amoxigst the rocks of interme- 
diate composition and to the Obsidians in the acid 
series. The glass is due to the rapid cooling of the 
magma from which the basalt arises, generally where 
it comes into contact with the colder surface of the 
rocik adjacent. It appears to devifcrify more rapidly 
thun the other native glassc.^. 

Bascinet, Basinet, Basnet (Armour). A helmet, 
S4)2uuwhat globular in shape, but terminating in a 
point, worn during the Camail period. It was 
fastened by a lace passing through the edge of the 
helmet and protected by plates of metaL It had no 
vi.sor at first, tlie “heaume” being worn over it for 
battle and at jousts. 

Bascule Bridge {('ivil Eng.) A swing bridge of 
the " seesaw ” type. ITie Tower Bridge, in London, 
is one of the best examples. 
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Base (Arehitettt.) 
(1) The lower portion 
of a pier or wall, (2) 
That part of a column 
on which the shaft 
re^ts. In the Greek- 
Doric order no base is 
used, however, the shaft 
resting directly on the 
stylobate. 



Base, Eahly EMOLiiiii. 


— (Dec.') The material which is mixed with 
the oil to give body to paints. The most common 
bases are white lead, red load, zinc white, and oxide 
of iron. * a 


Base Line (Purveying). (1) An .accurately 
mertsured line from which a triangulation is 
starttjd or offsets are measured. (2) The main lines 
of a traverse 

Base Moulding (Architect.) A moulding near the 
base \^f a wall, cither just at the top of the plinth or 
a short distance above it. 


Base Plate (Eiig.^ etc.) The lowe.st part of a 
machine ; a htnict uru to which the remaining parts 
arc directly or indirectly fixed. In large machines 
it is usually an iron casting with suitable projections, 
to Avliich the superincumbent ijortions of the 
struoiuro can be fixed. 


Basic Dyes. Dyes which in ordcjr to fix them 
upon a fabric arc reepnredto be combined with a sub- 
stance of acid character ; e.g. rosaniline will dye cotton 
w’bon tannic acid is used as mordant, bat it will dye 
wool or silk directly, probably because wool and silk 
contain some acid as a constituent of their lilies. 
aUo I)VE« and Dyeinc, 

Basicity. A term use<l to express the number of 
hydrf)geii atoms in tin* molecule of an acid that can 
be replaced hxj metals. A m<(t7wh(fS}r acUl has one 
replaceable hydrogen atom, a dihasir acid has two, and 
so on ; e.g. nitric acid has one replaceable hydrogen 
atom, and is iiionobasic ; citric* acid, C, 11^,0-. has three 
replaceable hydrogen atoms, and is triba.'^ic. 

(Met.) The power of acting as a ‘‘base” 

in the chemical sense. In Tiietallurgy it refers 
especially to the absence pi silica, which has the 
opposite or “ acid ” character. 

Basic Lavas (Geol.) Uocks which have been 
puurcd out at the surface from volcanic orifi<*cs, 
and which contain a low percentage of silic^i — 
generally less than 50. They inelude rocks of 
somewhat varied compo.^ition and ehanicter, </f 
which ordinary basalt may be regarded as a 
central type. 

Basic Oxide. See Oxides. 

Basic Process (Mefallttrgij). An imj^rovement of 
the Hessemcr steel process in whitdi the 

converter is line<l with magnesian limestone or 
dolomite, a material nearly free from silica. I’his 
removes the pho.sphorus and silica, which are very 
de^trimcmtal to the iron even in small quantities, 
and, moreover, yields a “ basic slag ’’ rich in 
phosphorus, an<l of considerable value in agTiculturc 
for enricliing soil, as phosphates are essential to the 
proper growth of most plants. 

Basic Salt. A normal salt (see Salts) combined 
with the basic oxide corresponding to it ; e.g, 
basic lead acetate is rb 0 . 1 ^b(C,H, 0 ^,) 3 ,; basic bis- 
muth nitrate is BiONO,, which may be regarded as 
Bi,0, . Bi(NO,), « 3(BiOXOj,). 


Basic Steel (Met.) Steel produced by the basic 
process (<?.».) 

Basilica (Architect.) The Roman name for aJutll, 
either of justice or in which business was conducted. 
Roman basilicas were in many cases adapted for use 
as Christian churches, and the new Early Christian 
churches were built on similar lines. The basilica 
generally consisted of a nave with aisles, galleries 
over the aisles, and a semicircular apse at one end. 
The term basilica was originally used to denote a 
king’s palace. See Apse, Nave, and Aisles. 

Basilidian Gems. See Abbaxas. 

Basilisk (Archeeol.) A mythical reptile, also 
termed cockatrice, hatched by a serpent from a 
tiock’s egg. Its breath ami its gaze were alike fatal. 
Symbolical of the spirit of evil. 

A large brass cannon, formerly in use, 

throwing a .shut of about 2(K) lb. 

Basin (Civil Eng.) An enclosure or dock with 
quays, into which vessels can be admitted at high 
tide, the water being then retained at the same level 
by dock ‘gates. Used for loading and discharging 
ships. 

(Geol.) A Sykclixal (j.r.) 

Basket (Eng., etel) A strainer attached to the foot 
pipe of phmps to exclude solid bcslies. Also applied 
to the aggregate of parallel rods in certain type- 
writing machines, and to devices of similar 
appearance in other machines. 

Basking Shark. Cetarhmm maxi/iwm (family, 
Care hari idee). A large shark found in the North 
Atlantic, and hunted for the sake of the oil 
extracted from its liver (shark oil). 

Bas Relief or Basso Relievo (Architect.) Sculp- 
ture in which tlie figures project less than half their 
proper proportion from the background. One of the 
finest examples is the frie^ze on the cella of the 
Parthenon, of which a considerable portion is now 
in the British Mn.seiim among the Elgin marbles. 
See Alto Pelievo, Mezzo Relievo, Cavo 
Relievo, and Intaglio. 

Bass (Botany), Lcopoldinia piassaba (order, 
Pahnte). The ijersistent, loaf bases end in tufts of 
hribtle-likcj fibres, which constitute the bas.s or 
piassaha fibre used in making bass brooms. The 
bass from Bahia is obtained from another palm 
(Attalea funife^’a). See also WOODS. 

(Music). (] ) The lowest of men’s voices. 

(2) The lower series of sounds. (3) The lowest note 
of a chord. 

Bass Drum. See Musical Instbuments : Per- 
cussion, Indefinite sound. 

Bassoon. See Musical Instbuments : Wind, 
Wood. 

Bass Tuba. See Musical Instbument.s : Wind, 
Brass. 

Bass Wood. See Woods. 

Bast (Botany). The soft bast or phloem is the 
tissue on the outer face of the w ood of a vascular 
bundle ; it consists of sieve tubes (q.v.) and other 
elements. 

Bastard Cop (Cotton Spinning). See Cop. 

Bastard Cut (Eng.) A coarse file, slightly finer 
than the most coarse kind. 

Bastard Flatting (Bee.) Painted work finished 
only with a slight gloss, produced by using less oil 
and more turpentine than is employed in ordinary 
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oil paint. Three*fourths turpentine and one-fourtb 
boiled oil is the proportion often employed. Also 
termed ** eggshell gloss.” Bastard flatting makes a 
good ground for work that is to be finished in varnish 
or enamel. 

Bastard Foants Type cast on a body 

larger or smaller than is usual. 

Bastard Thread ) An old expression for a 
screw not of standard pitch. 

Bastard Title An abbreviated or half- 

title on a page preceding the full title page of a book. 

Bastard Taok (^Bidlding), The name given to 
PoiKTlKG (q.v.) when a small projection of the 
stopping itself is formed on the joint. 

Bastema {ArclieBol.) A mule litter used chiefiy 
by ladies during the period of tlie Roman Empire. 

Bast Fibres (^JBotany^ The teim is, applied to 
strands of lignlfied fibres (belonging to the pericycle) 
on the outside of a vascular bundle. TVie fibres 
usually have a tensile strength equal to that of the 
best wrought iron or hammered steel, while their 
ductility is ten times as great as that of iro'ii. 

Bat (Building), Half a brick — i.e. a piece in. 
long. 

Batement Light (Arcldtect') A window having 
vertical janihs and mullious and a sloping sill. 

Bath (Bug,, etr.) A vessel contaiiiing liquid, 
frequently liquid metsil. Also applied to the liquid 
itself, or even to the jjrocess of dipping some object 
in course of manufacture into the liquid. 

Bathing (Hygiene). Is of hygienic importance. 
The skin should bo kept thoroughly clean, otherwise 
dead epidermic cells collect, and prevent the proper 
physiological action of tlie glands in the skiu, 
thereby throwing extra work on the kidneys .an 1 
lungs. A bath is best taken in the early morning. 
It should never be taken immediately after a full 
meal. 

Bath Stone. See Building Stokes. 

Bathe, Waste from {Hygiem). It is of great 
importance tliat the waste-pipes from baths should 
not be connected with t he drains. They should be 
efficiently trapped, and be ma<ie to disi hargc into a 
properly trapped gully. The overflow pipe should 
discharge into the open air. Baths should not be 
cased in, as this form of fixing aocnmulatc.s dust. 

Bating (Leather MiVtiuftic.) A bate consi.sts of a 
fermenting solution of hen or pigeon excrement into 
which light skins for “ dressing ’’ leatlier are })laced 
to soften and remove lime. The action is largely 
bacteriological. The process is being gradually 
superseded by safer and less objectionable methods. 

Baton (Her.) A diminutive of the bend .sinister, 
of which it is one-fourth the width, and coupcwl 
at the ends — i.e, not touching the edges of the 
shield. Tt is used as an abatement, and is generally 
known as th^ bar sinister. 

(Mmio). The conductor’s stick for beating 

time. 

Bat*8 Wing ( Gas Fitting)* * A gas burner with a ! 
slit giving a fiat flame. 

Batten (Carp.) A piece of wood from 2 to 7 in. 
wide and up to 2J in. thick. 

— (Woollen Manvfac.) French term for going 
past the portion of the loom for carrying the reed 
or Bley and shuttle race, and/or beating **home” 
the weft yarn. Also applied to the frame mounted 
With the card cylinder in the Jacquard loom. 


Batten Door (Carp, and Join.) A door having 
vertical boards about 3 in. wide in the place of 
panels. They may be lodged only, or lodged and 
braced. 

Battened Wall (6brp.) A wall having pieces of 
wood (battens) fixed to it to nail match&>arding 
to, etc. 

Batten Lay or Lathe Manufae.'^ A wooden 
frame swinging from the loom top, carrying tho reed 
and beating up the weft> after each pick. The fly 
batten has shuttle boxes at each end of the shuttle 
race, and in a power loom works on a sliaft below 
the warp. 

Batter (Building). \ wall out of perpemliculsr. 
Chimney shafts “ batter,” or slope, al^ut in. in 
every lU ft. of their heiglit. 

(Typog.) Broken or damaged typo. 

Battery (Elect.) (1) A number of primary or 
secondary cells, oonden^cr.s, Leyden jars, etc., acring 
together; (2) often ii})pliod, incorre'tly, to a single 
rell. Sec Cells (J'rimary) and Accumulatoks. 

(Eng.) A (iolloctitm of macihines or other 

I)Iant of !\ similar character a number of boilers 
in the same set, or a number of ore-crushing stamps 
at a mine. 

(J£ini7ig). A bulk liead of timber in n gallery 

or Iiorizuntal }:)assago in a mine. 

Battle Axe {Archccoh) A war weapon varying in 
sliape, size, and material from the sLono axe of ]jre- 
historic iiinos to tho halberd, which was discontinued 
in tho liftoonth century, lltc axe with au edge on 
one side and a point on the other was called a jxile 
axo. The axe was the chief weapon of tlio early 

liriton-s. 

Battlement {ArcltiUiet.) A ^mrapet used in (tothio 
work, formed with a series of ojxmingsor embrasnres, 
separated by rising parts called merlons. It was 
originally intended for pnrpose.s of defence, but was 
afterwards constructed as an ornamental b’ature. 

Battle Piece (Art). A pictme or sculpture repre- 
senting a scene on a field of battle. • 

Baudekyn (Cost.) A rich material woven from 
gold tijread and silk. ^ 

Baumann-Schotten or Schotten«Baamann Re- 
action. A n'action for the recognition of the ariiiiio 
group ( — imido group ( — Nil), or the hydroxyl 
group ( — OIJ) in organic compounds, A little benzoyl 
chloride (r/.r.) is added to the substance, then caustic 
potash solution till faintly alkaline, and so on till 
the reaction is completed, gently heating if necessary. 
In this way a benzoU <lcrivative is formed'—^.’.)/, 
phtjupl would give (7^11^ . OOC . phenyl benzoate. 

Bauxite (Min., Met, etc.) Usually written 
B BAUXITE (g-v.) by mineralogists. Very refractory 
bricks and slabs for lining furnaces are made hy 
mixing crushed calcined bauxite with clay, or some- 
times with graphite. 

Bay (Carp., etc.) A ceUing or roof divided into 
panels. 

(Eng.) The spaces in a structure between 

adjoining stays or Btruts^.y. the large openings in a 
lattice girder. 

Bayeux Tapestry (Art). The well known roll of 
linen^ 200 ft. I<mg by 20 in. wide, proservod at the 
Town House, Bayeux. It is worked in worsted^ and 
seven colours are used. It depicts fifty^eight scenes 
in the life of William I. 
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Bay Balt. Comntoti salt crystallised by slow 
evaporation. It is a coarse-grained salt, used for 
coring meat of various kinds. 

Bay Wlkidov {Carp, and Jain.) Usually con- 
structed of three lights, which may be ** squint ** 
when the sidelights make an obtuse angle with the 
front, or square when they are at right angles. 

Beaeon (MaHne), Any small form of lighthouse 
constr^ted bn minor shoals. Also a general term 
for a signal, signal*light, prominent landmark, etc. 

Bead {Arohiteot.) A small circular moulding. 
When carved, it usually resembles a string of beads. 
ifne Astragal and Torus. 

Bead or BesMliiig {Carp., nth.) A linear ornament 
of uniform cross section used very much in wood- 
work ; to a less extent in metal. Occasionally used to 
confer strength, but more often for appeaiance only. 

Bead Butt ( Carp, and Join.) A flush panel with 
a bead on the vertical edges only. 

Bead Flush {Carp, and Join.) A flush panel with 
a bead all round it. * 

Bead Router. An iron stock in which beading 
irons of various sizes are fixed. Used in forming a 
bead on circular work 

Beads or Bead Planes. Planes for ** sticking” 
heads or cutting them out of solid wood. 

Bead Bleekers {Moulding). A tool used by 
moiiUlers to finish o£E a bead in the mould. 

Beaked {Her,) When the tincture of the beak is 
different from that of the body. 

Beak Head (Architect.) An ornament used in 
Norman work. It was usually carve<l on the moui.’- 
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ing.s of a doorway, aod took the form of a grotesque 
head with a beak. See also Cat’s Head. 

Beak Iron^ or Beck Iron. The conical projection 
of an anvil. Sometimes “ Beckern,” 


cross-section of the beam; it runs through the 
» centre of gravity ” of the crossHsedtloa). This layer 
is known as the ** neutral layer.” The ^tan^ of 
any point in the material of the beam above or below 
the neutral layer is denoted by the letter ** y.” The 
above quantities are in all oases connected by the 
following equation : 

? M ^ 

y * 1 “ K 


Making use of the equation just given, we are able to 
oalculate the deflection uf a beam under any given 
set of circumstances if we know its dimensions, nnd 
the value of the coefficient of eleotricity (K) for the 
material of which it is made. The two commonest 
cases are : (i) A beam of length 1 ” supported at the 
ends and carrying a load W at the centre ' 
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(ii) A beam of length supported at the ends and 
carrying a load W uniformly distributed over the 
beam : 
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The simplest beams are those of uniform rectangular 
section ; these are most commonly made of wood. 
Beams of iron or steel are usually made of cross- 
section in the form of ** 11 ” ; it is usual to term those 
iron beams “ girders.” If the beam is made of cast 
iron, the lower part, which is in tension, has to bo 
larger than the top part, which is in compression, in 
order to secure uniform resistance to both stresses ; 
but wrought iron or steel beams have the top and 
bottom parts the same size. Very large girders are 
I built up of separate pieces at the top and bottom, 
i connected by a central portion or “web,” made 
* either of sheets of metal or of numerous baVs crossing 
I one another at an angle. A. fine example of the latter, 
I known as a “ Warren Girder,” is to be seeu in Charing- 
, Cross railway briilge. The actual calculations in- 
. volved in .designing a beam or girder which is 
; required to carry a given load are somewhat long 
and complex. They are usually carried out by means 
nf formula based on the equations given above. 
These formulae are given in works on engineering 
and buibling construction and in the various pocket 
books for engineers and builders. 


Beam. A beam may be defined as a long bar of 
wood or metal supported at one or more points, and 
carrying a load eitlier uniformly distributed or 
concentrated at various positions. The following 
terms are used in connecti(m with beams: (1) 1)£- 
FLUOTION — denoted by “d.” This is the greatest 
extent to which any point of the Ijeam is bent by the 
load which it carries. The following terms are 
defined under their separate headings: (2) Elas- 
ticity, denoted E ; (;l) Bending Moment, de- 
noted by M ; (4) Moment of Inertia, denoted by I ; 
(6)ltADius OP Curvature, denoted by U ; (fi) Ktbess, 
denoted by p ; (7) Neutral Layer. If the material 
of a beam were divided up into thin horizontal layers. 
It would be found that the- uppermost of the layers 
were in a state of compression, and the lowest layers 
in a state of tension. These stresses gradually 
diminish towards a layer of the material of the 
befiui which is, in most cases, at or near the centre 
(its exact position depends upon the form of the 


Beam {Cotton^weaving, etc.) A flanged roller, 
similar to a large bobbin,' for coiling the warp round 
in a broad sheet. Used for beam-warper and the 
loom. See Beaming. 

Beam CompasB. An instrument for describing 
circles too large for the ordinary drawing compasses. 
It consists of a straight bar, on which metal holders 
for the i)encil and compass point can be fixed at 
right angles to the bar. These holdei*3 are called 
Trammels. 

Beam Engiiie {Hng-.) A form of engine in which 
the piston rod was attached to a beam swinging on 
a central axis; to the other end was attached the 
pump rod, or connecting rod. Nearly obsolete, ex- 
cept for some pumping engines, but cnee universal, 
even being used for marine purposes. See also Steam 
Engines. 

Beam Filling {Buildi/tig), The brickwork between 
the wall plate and the underside of the roof. 
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Beaming ( Cotton Weaving), A process in coloured 
goods manufacture by which the ends that are 
warped are all run in one broad sheet in their par- 
ticular pattern on to the weaver’s beam. Sometimes 
adopted in grey manufacturing for running grey- 
balled warps on to the weaver’s beam. 

( Woollen Manvfati,) The operation of wind- 
ing the warp or chain on to the waip-roller or beam, 
so that each thread will be delivered regularly during 
weaving. 

or Tnrnintf On Manufac.) The process 

of spreading and winding the warp on the cane 
or warj^ roll. The u’urp is placed round a large 
drum and divided into Pobtees or Half Pobteks 
in the teeth of Vatoe (/i.v.) ; it is then wound on 
the cane roll, considerable tension being applied 
to the silk to cause it to pass on to the roll firmly 
and evenly. 

■ Beams (^Lace Manvfae.) Li»ng slender cylinders 
of tin plate, in longtli proportionate to the width 
of the laco machine. They are requisite where 
a variable length of material is being used up. 

Beam Warping Weavhnj). A .system of 

preparing back bc.*ams for the tSLAsiiEB iq.v.) Each 
beam cimtains a standard number of threads of a 
certain length. Used principally for the grey trade. 

Bean or Shot Copper ( Met.) Chopper granulated 
by pouring through a perforated vessel into water. 

Beans. Order. Legumirwscr. Vicia faha is the 
broad bean ; Phaseohis vuhjorh, the French bean ; 
jP. vmltiHorm^ the scarlet runner. Under tlie name 
haricots are placed variems species of Phaseohts. 
Bean.s form a very important article of diet ; they 
contain a large quantity of protcids and suits, and 
are therefore of great nutritive value. During 
growth and storage beans are at tacked by a weevil 
(beetle), the larva of which may frequently be .seen 
in the bean. * 

Bear {Eng.) A form of punching machine {q.v,) ' 

{Zoology). (I'ciius, Ursns ; sjiecies, Arctos | 

(North Europe), Anu^icann^ (America), MaritimvSy j 
the Polar bear. The skin affords a useful heavy 
fur; the flesh is edible, and the fat is frequently 
utilised as unguent for the hair. 

Beard {Typog.) Tlial part of the ty^jo above and 
below the face of the letter. 

Bearers {Ca/rp,) The fillets on which a slielf is 
fixed. The crosspieces carrying a gutter boarding. 

Bearing {Curp,^ rte.) The part of a girder which 
resta on the supports. 

{Eng.) 'JTie support of a rotating abaft; 

the forms are chiefly distirguished from each other 
by the means use<l to diniini-sh friction. See Ball 
BEABINGS, ROLLBK BEABINGS, ETC. 

{Surveying). The angle fonned l^y a line 

with the direction of the magnetic needle. 

Bearing JietalB {Eng.) .Alloys used to form t lie 
surface of a bearing where tiie friction occurs — e.g. 
Babbiit*8 metal, gun metal, etc. {q.r.) 

Bearing Piles {Civil Eng.) Tiles {q.v.) driven 
into soft ground up to their heads, to support masonry 
or other structure .s. 

Bearing Surface {Eng,) The part of a surface 
in contact with asiother object and supfiortirig it ; 
in particular, the part of a sliaft and bearing which 
are in contact with each other. 

^ Bedring[;:,lIp<^top {^Bn^n0i ' A partition used to 
lead air to a wliere work is going on. 


Bearing Walls. Sec Abgh. 

Beasts, Heraldic. May be recognised at onoe by 
their conventional style. The heralds liave pressed 
most animals into use as charges or supporters. 

Beater {Cotton Spinning). An attachment to an 
opening or scutching machine, consisting of a shaft 
on which are fixed blades or wings for the purpose of 
shaking the cotton when being cleaned. There are 
several kinds — vertical, conical, porcupine, two- 
winged, and three-winged. 

{Paper Manvfac.) A machine for reducing 

pulp to a fine state of division. 

Beater Roll {Paper^ Manvfeu).) A heavy iron roll 
fitted with l<jng iron bins, which rotates in the 
beater, for disintegrating pulp. 

Beating Up {Cotton Wearing). The third primary 
movement of a loom. The forcing or bumping up of 
weft after it is carried across through the warp by 
the shuttle. It is accomplished by the loom crank, 
sle 3 % and I'ccd. • 

Beats {Mime). 'J’he pulsations of time in a bar, 
also called “ jiulses.” 

Beats Maximjfand minima in the com- 

posite sound produced by two notes wliose frequoucie.s 
do not differ hy more than sixteim vibrations per 
second; thi'< result is due to Intekfebence {q.r.) of 
the two sets of waves. 

Beaumontage. Material used for filling up ac(u- 
denhal boles in wood or metal work. In cabinet 
work, resin and beeswax with colouring matter; 
in pattern making, chalk and \arnish; in iron 
work, sal ammoniac (ammonium chloride, NIT, Cl), 
mixed with iron borings, which rust into a solid 
mass, are u.sed. 

Beauzite (Min.) An impure aluminium hvdrato, 
essentially AUOj.'iH^O with impurities of "'ferric 
oxide, pliosphates, etc.* It occurs in oolitic or olfiy-like 
deposits of whitish-brown or reddisb-brown colour. 
From Beaux in France, the United State.s, Foyers 
in Scotland, i-tc. It is now the principal workable 
ore of aluminium. ^ 

Beaver {Armour). “ In fourteenth century applied 
to the moveable facegoard of the bascinet Xq.r.)^ 
otherwise called Hziere vf^rdaile or avanUtaile. 1 n the 
early part of the fifteenth (Century the beaver appears 
formed of overlapping plates, which can be raised or 
deprc'ssed to any degree desired by the wearer. In 
the sixteenth century it again became confounded 
with the vizor, and coulrl be pushed up entirely 
over the top of the lielmet, and drawn down at 
pleasure.” — I^LAKCHE. 

(Zoology). Cmtor canadeMU (family, Cantor- 

id(i'). J ho well known rodent is valued on account 
of it'j fur, flesh, ami the substance (lASTOBKUM {q.v.) 

Beaver Cloth (^Woollm Manufao.) A thick 
woollen fabric oovereil with fibre or nap. The best 
qualities are made in the West of England ; medium 
and lower qualities in the heavy lyoollen districts of 
Yorkshire. 

Beaver Finish {Woollen Manufac.) A type of 
finish whiidi gives to the fabric a soft fibrous surface, 
the fibres being laid, in the process of raising, in one 
direction. Originally the finish was an imitation of 
the fur of the beaver. 

Beche-de-Mer (Zoology). Class, Holotlmrmdea\ 
sub-kingdom, Eolihit}de.rmata. A group of wormlike 
marine animals allied to the starfi.shes. Certain 
species yield a Chinese food known as Tbepakg. 
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Beck. See Beak Iron. 

Beckmann*! Apparatus (ffeat) See Fbeezin& 
Point. 

Bed {Bmldinfjf). A layer of mortar put under a 
wall plate^ stones, or bricks. 

(Typog.) The loved surface or table of a 

printing x)ress in which the forme lie.s. 

Bed Charge {Met,, Foundry), The coke which 
forms the bottom layer in charging a cupola furnace. 

Bedder {Pot,) A mould, generally made of plaster 
of Paris, used to impres.s ui>on ground flint the exact 
shape of the clay x>lntc or saiu'er which is to rest 
thereon whilst being fired in t^e bisque oven. 

Bedding In {Movldmg). Moulding by laying the 
pattern in the sand of the foundry floor and heaping 
the sand round it, instead of forming the mould in 
boxes full of sand. 


Bedford Cord (Cotton Manvfac.) A (doth ribbed 
longitudinally without floats on its surface, and 
firmly ^^oven. 

Bed Joints (Build.) (!) Idic radiating joints of 
an arch. ( 2 ) The horizontal joints of a wall. 

Bed Mould {Arehitei'f.) The moulding im- 
roertiiitidy urulcr the corona of a tdassical cornice. 

Bed Moulding (Carp.) 

A im)ulding fixed hist 
below the surface of the 
flaming. 

Bed Plate (AVt//.) See 
Bast: 1‘i.ati:. 
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Bed Plug iJiuild.) A dowel in the bed joint of 
a stone. 


(Zoology). Aph melJ'tJica (^Km\\j,Apid€e), The 
honey bee is well known as the source of honey and 
wax. *S(T Beeswax, Honey. 

Beech. See Woods. 

Beer, A beverage prepared by the fermentation 
of malt e.vtraL't by yea.st : hops (which contain a 
hitter priiudph — lupulin) are added to give the bitter 
flavour. •Jn ]>l:xie of malt, starch aixl glucose 
(artificial) may be u.sed, aii<l in place of hops cheaper 
.substitutes may be. used, as qua.*!i.sia, gentian, worm- 
wood. d’hc xKTeentago of alcohol varies from 2 
(Berlin white beer) to 8-r> (Scotch ale)- Arsenic may 
be i>r(‘.seiit in beer when made from glucose lue- 
part'd from slarcli by means of ar.^onic containing 
.‘•nlphuric aeid. The adulterants of liecr arc water 
(whieh is often mlded to a considemble extent), salt, 
sulphuric acid, and liijuorice. 

(Cotton Wearing). A term used a.s a basis 

for reed counting — i,e, twenty dents, or sjtlits, or forty 
ends, two ends per split. Somctim(‘.s a warj) d uring the 
warping jirocess will be split u]» into becr.s or bunches, 
so as to facilitate counting oil. In other cast's they 
arc used to assi.st in spreading out the warp threads 
by jxissing through a wraithc during the beaming 
XTrocess. The Scotch name for the same is “porter. ’ 

(fAncii Manvftir.) “Beer*’ in Ireland and 

“ porter ’’ in Scotland are terms used in liuen manu- 
facture, and signify forty threa«ls of warp. In some 
cases the fineness, of the cloth is c.vju'csscd by 
“beers” or “xTorters”; thus a 40-bt*er (ir 4<)-portcr 
drill meaiLs a drill containing forty beers orijorters in 
a set width of cloth — usually 30 in. 

Bees (Art, Arelmol,) The symbol of eloquence. 

Beeswax. A secretion of glands in the body of 
the honey bee, used in the formation of the honey- 


comb. The wax is used in pharmacy for plaeteiR 
and ointments. Consists chiefly of myrioin (myric^l 
palmitate, Cj^HgiGOO . C^H.) and cerotic aeidt 
CgfE^^O,, Melts at G2° to 66® 8p. gr. *962. t 

Beeswaxing (Bng,, Bee., eto.) (1) Covering an 
iron pattern with beeswax to make it more easy 
to withdraw from the sand of the mould. (2) A 
method of finishing hard wood fumituix;, fittings, 
and fiooTS by rubbing with beeswax thinned with 
turpentine. It is often called Wax Polishing. 
When applied to unwaxed surfaces, the beeswax is 
cut up in small pieces and digested in turpentine 
until a x>^t6 Sometimes a little 

carnauba wax (g,v.) is added, to render it firmer. 
The wax x>aste is applied by means of a brush. K is 
easy to apxily, and keeps in good condition, while the 
cost is small. Two coats arc given, and each is 
polished by means of rags or short stiff-bristled 
brushes. Bueexiss dej^ends largely ux)on the amount 
of labour given, a liglit rubbing being useless. Oak 
and black walnut are the woods on which it is 
usually employed. On fl«)ors such as those of ball- 
rooms the ijolish must be frequently renewed by 
syitinking powdered wax upon the surface and 
briskly rubbing bj' means of brushes, which are 
sometimes attached to the feet of tlie oxrerator. 

Beetroot. Beta vulgai%s (order, CJteruipodiaceat). 
A varietj’^— the sugar beet— is extensively cultivated 
in Europe as a source of .sugar. 

' Bel-Etage (Architect,) The main story of a 
1 building. 

Bell (Architect,) The body of a Corinthian or 
Composite capital below the abacus, around which 
the foliage and volutes are arranged. The same name 
is also given to the corresponding part of a Gothic 
capital Tvhen its f(jrm is similar. See Column. 

Belladonna (Botany), Atropa helladonna (order, 
Svlanaceoi), Tbfe fre.sh leaves, with or without the 
branches of the mature plant, and also the dried 
root, yield the alkaloid atropine, used in ophthalmic 
practice. 

! Bell Centre Punch (Bag,) A hollow cone, along 
1 the axis of which a j^ointed punch can slide, the 
I point projecting to any suitable distance inside the 
I cone. Used for marking the (;entre in the end of a 
1 round bar or other cylindrual object, 
j Bell Chuck (Fog,) A chuck (g.v,) with a 
j cylindrical hollow, usually having set screws pru- 
I jecting into the hollow' for holding small work in 
I the lathe. 

I Bell Crank Lever (Fng.) A lever with two arms 
: at right angles, and the fulcrum at the angle or^ 
. aptjx. 

I Belled (Her,) Bearing a bell or bells, used of 
, hawks and cows. 

Belleville Boiler. See Boilers. 

' Bell Gable (Architect.) A gable at the west end 
! of a clmrch carried up above the roof, and wfinally 
I containing from one to three bells. It ia used 
■ in small churches which have no towers. 

Bell Metal {Fng,) A bronze (g.v.) ; usually copxrer 
I IG, tin 5; hard and brittle. This alloy gives a 
1 strong sound when struck, hence its use for bells. 

; Bell Metal Ore (Min.) A synOwym for Stannith 

I ('/•") 

Bells (aSou?i4). ConstiiK'ted of alloys resembling 
j bronze winch are ; vfound to poj^esi^ -; soflorous 
I proiTcrties. The modes of vibration^ and the over- 
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of bells are very co&plex, '^as imf be readily 
i^Mid oo listening to a laigib bell at a short distance 
it^ 'wben many tones can be heard in addition 
to the principal note. 

Bell Xpaps Under the Drainage 

by-laws of sanitary authorities, this form of trap, 
formerly used for receiving wastes from baths, 
sculleries, etc., is prohibited. 

Belly (Zeather Mannfae,') The thin under part 
of tanned hide ; used for slippers, thin straps, and 
uppers of boots. 

— (Jl)fpog.) Tile front or nicked side of a type. 

Belt (6b«t.) A band or cincture used to keep 
flowing costumes in place, or as a support for a 
sword, dagger, etc. Generally made of leather, and 
often richly adorned, 

Belt or Strap {JSng.') A strap used for trans- 
mitting power by pulleys with a smooth surface: 
made of leather, cotton, catgut, rubber, etc. 

Belt Cioupling The method of joining the 

ends of a belt, commonly by lacing or riveting : in 
catgut belts by a hook and eye screwed on to the 
ends. 

Belt Dressing Materials, such as oils, 

tallow, resin, applied to belts to preserve them. 

Belt Fork, Strap Fork (Zng.') A device for 
sliding a belt from one i>ulley to another along- 
side it ; it has two parallel rods, between which the 
belt can run freely without contact until the fork is 
moved along parallel to the shaft, when the belt is 
displace<l by the fork, and is transferred from one 
pulley to the other without the necessity of stopping 
its motion. 

Belton Btone, See Building Stones. 

Belt Tension The pull in a belt expressed 

in pounds per square inch of cross section ; it varies 
with the nature of the material, butei good rule is to 
keep it below 300 lb. per square inch in leather 
belts. Calculated by dividing the transmitted 
power in foot pounds by the velocity of the rim of 
the pulley in feet per minute, and by the <-ros.s-section 
of the belt in square inches. 

Belt Transmission {Motor Cars), The use uf a 
belt to transmit the power from the engine to the 
main shaft ; now prac;tical1y confined to motor 
cycles, though even in this ca^^c it is often replaced 
by a chain similar to an ordinary cycle chain. , 

Bembridge Series {Geol.) A member of the 
Upper Eocene rocks, especially well developed in the 
Isle of Wight, where they consist of strata which are 
chiefly estuarine in origin. Their thicknesti amounts 
to about 25 ft. They are sometimes classc'd un 
Oligocbne (s^.r.) 

Ben {Mmic), Well, as Jim rtarmto^ well marked. 

Beiicll {Cojrp^ and Join.) A very strong and 
i.dla.vT table, fitted with a screw, or vice, and a 
-stop,* for joiners to work at. Also applied to the 
table at which many trades arc carried om See 
Bench Screw. 

(Mining). (1) Divisions in seams of coal, 

consisting of clay, etc. (2) A projection at the out- 
crop of a seam. 

Benched (Build.) Wben a foundation is built 
on sloping ground it is formed in stents, called 
benches. - 

Beai:k^;|b>ok (Carp.) An appliance fer holding 
a long .piebo of work steady roa the bench while 
cbttii^,i^e''shoulders of tenons, planing up, etc. 


Bemih Maxtai tbb pesition 

and level of whic^ are 1^4^, made ip t^e eobrsq b£ 
a survey and used for referenCsk Thbea^n^te by the 
Ordnance Burvey of Great Britain tl^e fofm, of 
a broad arrow, usually chisell^d^on Actme pennkneni 
stone slab. ^ t , 1 ^ * 

Bench Planes ( (1^r/(.) W smooth^ 

ing planes.* * > * * 

Bench Screw (Carp.) A vice at tfie^'end 6f ;;a, 
bench to hbld the fiiaftrial lS be-worked.' 

Bench Tools a?ul Machines. Tools and small 
machines which can be us^ 6n the bench (e.g. a 
Jbench drilling machine), db called" in^ aiatinctiqii 1o 
larger tools and machines whi('h require an indepen- 
dent place in the workshop.* ‘ . 

^noh Work (('arp. and Eng.) Process^, carried 
out wuh the smaller tooLs (and ina^nCS^ on4 the 
bench, as ^distinguished from processes ‘^Arriea out 
with the large machines or in the erecting shop. 

Bend (Her.) An ordinary 
which crosses the shield from 
dexter chief to sinister base, v 
If a charge is on it, it o(‘.cupies 

oiie-tliird of tlio sl.ield ; if ^n- \ ‘ 

<*haiged, only one- fifth. * 

(Leather Mnnafac.) A V / 

butt (q.v.) split’ longitudinally \ 
down nhe middle produces a 
pair of bends, Bonds arc 
bought chiefly by large boot ^ 
manufacturers for soles.'^ {Ha .) 

(Plumh.) Any curved pipe. 

Bending or Flexure. The amount^, of curve (or 
ourvaturo) produced in a beam by ; its 

e.Nact measure is given by taking the reciprocal of 
the ** radius of curvature"- i,e. the radius of tlie 
cir<‘lc whose curvature most nearly coinoideif with 
the curve of the beam. In mo^t cases the curvature 
of a beam varies, l)eiiig least at the supports and 
greatest midway between them. 

Bending Cycle Tubes. Tubes are tilled witli sand, 
resin, ora soft alloy, and herd/ over a “farmer’* of 
the requisite shape. Tidies are bent either hot or 
cold; if the latter, they must be in a soft (annealed) 
state first. The process of bending in the cold 
bartlens the tube again, and it is usually left in 
this condition. 

Bending Moment. The bending moment at any 
point in a beam is tlu; sum of the moments of all tho 
forces acting on the beam on either the right or left 
.«ide of the cross section through the point— «.c. the 
pro'iuct of each force into its distance from the 
poini is found, and th(; sum of all such products on 
either side of the ]>nint gives the total bending 
moment at the point. 

Bending of Strata (Geol.) Experiments have 
been made by Miall upon thin slabs of limestone 
with a view to finding whether these could be bent 
by artificial means in such a manner ae to retain 
the flexure and yet not fracture. Pre-ssure ay»ph*ed 
rapidly caused the slabs to break ; hut when applied 
very gradually the re.snlting fiexure proved to bo 
permanent. Amongst hiirhly disturbed rooks some 
very striking examples of crumpled strata are to be 
found. 

Bendlet (Her.) Diminutive of bend ; also called 
a garter ; it is (me-Lalf of a bend (q.v.) 

Bendy (Her.) Divided into an equal number of 
bends. 
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A#© jdr.^riouB compositioh — 
lor a whit^igAt, sh©llac, 1 part ; barium nitrate. 
6 parts. ;'mai^;n©8jiim .powder, 2*5 parts: > f or a red 
5 parts dl strontium nitrate r^lace the barium 

BeiisalchJbrjM|e/o„ll^H ^ A liquid boiling at 
213°' yields ^bj^zaldtftbythi wuen' heated with water, 
or, better stlir, mif]^ of lime under pressure. Made 
by passing ohlorinc.;,izitb boilteg' toluene until the 
theoretical gain in weight is obtained. 

Benzaldehyde, Cstl^CHO. Oil of bitter almonds. 
A liquid, smuUing like almonds: boils at 179°. It 
is prepared, from bitter ^diftonds, which contain 
amygdalip The- amygdalin, acted on by 

emulsin or hydrochloric acid, yields the oil of 
bitter aknonds. Can^ be obtained aitilicially by 
treating benzylchloride, C(jHgCn./’l, with ..a- solution 
of lead nitrate, ®r from bensMilchloride (^.p.) It is 
easily oxidised to benzoic acid, CuH^COOH. Much 
used ir# flavouring sweets, etc , and in the manu- 
facture of the important. d>o malachite green. 

Benzamide, Cgll/JONII.^. A wdiito crystalline 
^oUd melting at 130°. Stc also Amides. 

Benzen^ Cigll,,. ( 1) A colourless peculiar-smcdling 
liquid boiling at 80'5°. After freezing, it melts at 
It. is a valuable solvent for organic .substances, such 
as fats, kidiarubber, etc. When acted on by chlorine 
in siuiiighl it form.s jiddition ])roductft — e.//. benzene 
hc*xachlor|de, C„H„01jj. Clilo^ne in jtresence of io<line 
(halogen carrier) gives substitution prodne-is — c,f/. 
monochlorbenzcne. bromine behaves in the same 
way. Nitric acid yields according t(» (HUiditionr of 
action nitrobenzene c»r metadinitro>)enzene 

lioilod with Huljthurio acid, it gives benzene 
iulphopic acid ; when <mo. monovalent atom such as 
bromine or one monovaleiit grouj) such as the nitro 
group (NOg) replaces one of the six hydrogen atoms in 
benzene, ohlv 'one comi>ound is obtfiinecl, no matter 
which liydrogen atom is replaced. When two such 
a t< )ms or groups rcjdace two hy<li ogen atoms, three and 
only th.retwom pounds can be obtainod ; when three 
such atoms or groups -rcjjlace thr(*e hydrogen atoms, 
three compounds are again obtained. The only 
formula for benzene which accounts for these facts 
is the following; 

CH 
HC 


HC 

CH 

Bk.nvkxk. 



in which the carbon atoms are joined in a ring 
and one H atom is attached to each. (The ring is 
represented by the regular hexagon.) 8o we have 

(VI, br. 



Oitlio*dlbrombenz 4 )M(t Motii (llbratn1i«xi2on« Paiii^ilibrorabeiMetu' 

1 ; 2>dlltromlMnsoii(^ or i iO-dlbromtoenartncw or i ; 4*<libmmbeDz< Jie. 



Vl(',inal tnbrojnbcnzond Unaymmetrica] trtr Symmetrical 

rr In-umbouacue or bromboiuene or 

1 : 2 : S trlbrombonzmo. 1 : 3:4 trlbroinbenzeiie. 1 : 3:5 tiibnnnlwiizwM. 


The carbon atoms are numbered as shown in the 
figure; also the C and H atoms ore often omitted 
for convenience. Each C atom is represented as 
tri valent ; the exact mode of disposal of the fourth 
combining unit is unknown. Benzene is obtained 
by heating benzoic acid with soda lime. On the 
large scale it is obtained from coal tar {sue Coal 
Gas Manufao.) The part which distils up to 170° is 
retlistilled, and the part up to 110° shakep with 
sulphuric acid, thin caustic soda, and again 
distilled. The part that distils at 80° to 82° is 
fairly pure benzene, benzene is also obtained 
synihetically by heating acetylene gas. 

Benzene Bulphonic Acid, C^H^SO^OH. Wi;en 
benzene is boiled with siilphuric acid for some 
hour*«, (‘ombination occurs, and this substance 
is formed. Colourless plates melting at 60° readily 
soluble in w'atcr and alcohol. Fused with caustic 
soda, it gives plienol, used in the manufacture 
of ether. 

Benzidine, TfoN . CVI, • Paraduiwido- 
diphenyl. White plates melting at 122°. Formed 
by reduc.tion of azoVienzene with tin and hydrochloric 
acid ; 

CgH.N .. N . (^ell, CfiHsNH . NH OelT, ^ 

H Hydrazobeszene. 

HjNC.Hj.CgH.NH.,. 

Parent substance of a number of dyes capable of 
dyeing without a mordant — e.g. Congo red. 

t^e alsii Dyes and Dyetnu. 

Benzine. A pc>['ular term, not used in exact 
nomouclatuTC. Sometimes applied to C‘ommercial 
benzene, sometimes to petroleum, which is quite a 
different substance chemically. 

Benzoic Acid, C^HjCOOH. A shining whitt' 
crystalline solid (»f characteristic smell; melts at 
12(P ; soluble, 1 in 400 parts water at 16°; readily in 
hot water, also in aUiohol tind etlier. It is a powerful 
antiseptic. When taken internally, it a))pear8 in the 
urine a.'^ hi]>puric acid (g.v.) Obtained by sublimation 
from gum benzoin, which contains 12 to 20 per cent, 
of the add ; also a.s a byeprodnet in the manf^-.j«* 
facture of benzaldehyde. When heated with lime 
(CaO), it gives benzene (C^H^). With bromine, 
nitric or sulphuric acid it forms metasubstitution 
proilucts. 

Benzoin {Botany), Styraa benzoin (order, 
Styracaevai), A fragrant resJu obtained by incision 
of the bark. It is used in medicine, in perfumery, 
and in making incense. 

Benzol. Another name for Benzene. 

Benzonitrile. See Nitbilss. 

Benzophenonoy CpHjCOC^H^ {Biphenylke^emey* 
CYystalline solid existing in two forms — an unst^I^ 
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form melting at 2G^ and fonnod by boiling the stable 
form» which melts at : the fomer reverts to the 
latter on standing. Pleasant smell. Obtained from 
benzene, and either benzoylehloride or carbonyl- 
chloride, in presence of aluminium chloride ; also by 
distilling calcium benzoate. Distilled with zinc dust 
yields diphenylmethane. 8ee aUo Ketones. 


Bensopurpurinesr May be regarded as benzidine 
derivatives ; they are dyes which dye unmordanted 
cotton red. Benzopurpurine B is 


9e®»^OH, 


N' - 


This is the salt known as Congo red. See Dyes 
AND Dyeing. 


Bensoquinone. See Quinone. 

Benzoyl* The name given to the group >~. 

It does not exist uncumbined. Beszoylchloeidk, 
. CO . Cl, is an important reagent in organic 
chemistry ; it is a colourless turning liquid boiling at 
200®. Obtained by action of phosphorus pentacliloride 
on benzoic acid. Decomposed by water into hydro- 
chloric and benzoic acids. Sf*e aUo Baumann- 
ScHOTTEN Reaction. 

Berberine, An alkaloid found in a 

number of plant.-s— Brrberis tmlffaris, yellow- 
brown needles melting at 145®. Optically inactive; 
soluble in water and in alcohol. Forms gold-coloured 
salts. Alkalis colour its solution red, and chlorine 
water colours its hydrochloride blood red. It is not 
official. It is prolottbly a quaternary' ammonium base 
if.v,) Among its oxidation products may iie men- 
tioned a /S' 7* pyridine tricarboxylic acid, hemipixic 
acid (1 : 2 methoxybenzene, li : 4 dicav1)Oxylic acid), 
and bydrastic acid, the latter showing that berberine 
is related to hydrastine. 

Bergamot {Botany). Citrus anraJitiuvi (var., 
Beegamia ; order, Uviaoe<p). A fragiaiit c.ssence 
extracted from the rind of the fruit of a variety 
of the orange. See CiTEX'S. 

Berkefeld Filter {Hygiene). Thi.s is a > aluable form 
of domestic filter ; it consists of a cylinder of diatom- 
aceous earth called Kieselgnhr, which is enclosed in 
an outer case. The water enters at the lop under 
pressure, and is forced iiiwaixls tlirough the cartli. 
It frees the water from organisms. 

Berlin Blue* Another name for I’russian blue {q.v.') 

Berthelot's Calorimeter (Jleat). An apparatus 
fur determining the late it heat of evaporation of 
liquids by condensing the \apour in a helical tube 
immersed* in a vessel of water whose rise of tem- 
peratnre can be noted. 

Beiyl {Min.) A silicate of aluminium an<l 
beryllium, 3BeHiO, . AlgSi^Oji : silica = alumin- 
ium = 19*1, lierylla = 141 per cent. Hexagonal. 
Colour, emerald green to dirty brown or grey. One 
opaque crystal from Massachusetts was said to weigh 
2^ tons. The bright green variety is Kmebald {^.p.), 
the blue green is AquamABTNE {q.v.) ; both valuable 
BS gems. Brazil, Siberia, and Saxony are important 
localities. See also Pbbctous Stones. 

Beryllium, Be. Atomic weight, 9. Called also 
Glucinum, from the fact that some of its salts-- 
the sulphate— are s^vveet tasted. It is a while metal, 
obtained by heating the chloride BeCl, with sodium. 
It belongs to the same chemical family as magnesium. 


It is found in the Bebtl (hence its name) and in 
emerald. 

Betiemer OonYerter {Met.) The pear-shaped 
vessel used in converting cast iron to steel in the 
Bessemer process 

Bessemer Pig {Met.) Cast (or pig) iron specially 
suited to the Bessemer process. For the acid process 
an ore with a relatively high amount of silica (SiOg), 
not less than 2 per cent., and a low percentage of 
sulplmr and phosphorus, was preferred ; for the basic 
process the reverse is the case, the phosphorus giving 
a valuable slag. 

Bessemer Process {xMet.) The conversion of cast 
in iron to steel by oxidising the carbon by means of a 
current of air blowm through tlu^ iron while molten; 
the air oxidises the carbon to ciUPbonic oxide (CO^J 
and carbon monoxide (CO), and at the same time 
maintains the iron at a suitably high temperature 
by this oxidation, until pnictically thu wdiole'of the 
carl)on is removed. See also Tbon afi/t SteeCj. 

Best and Best Best, cr B. and B.B. Orades of 
cast iron. See lliON. 


Bestiarium {Are/tccol.) A name given to early 
books on natural history. They were often in verse, 
and moralised on the peculiarities <»f animals. 

CH, - N(CH,), 

Betaine, I 1 {Oxyneurine. Lyeine. 

CO - O 

TrmiefhylglycoeolJ). Hygro.scopic crystals; forms 
well erystalliscMl salts. Occurs in the sugar beet, in 
cotton seed, and in wdicat sprouts. Has been found 
with ptomaines in some poisonous edible mussels. 
Obtained by careful oxidation of choline {q.r .) ; also 
whentrimethylainine is heated with monochloracetic 
acid It is j)ot poisonous. 

Beton {Build.) See CONrRKTE. * 

Better Bed Coal {Oeol.) A hical name for seams 
of coal of exceptionally good quality as fuel. It 
consists largely of the sf)orc;s and spore casc.s of some 
of the lycopodiaceous plants whicii flourished during 
the Carboniferous I’eriod. 'J be* best-kno^n seam cif 
the name occurs at Bradford in yorkshire. 


Beyel (TooU). A tool with a stock and blade 
resembling a sqmire, but with the blade hinged so 
it can be moved i?^ its own plane and be set at any 
angle with the stork ; used for testing work required 
to be cut to any given angle to which the blade is 
previously adju.sted. 


Bevel Gearing {Bug.) Gear wlieels cut upon the 
suiTace of a cone or part of a cone, in order that the 
shafts may run at any given angle with each other. 

Bevelled Boards {Bind.) Heavy millboards of 
good ipiality, bevelled on the edges ; generally n^^od 
for antique work. 


Bevelled Halving 

{CarjK) Halving 
(y.p.) in which the 
internal cut surfaces 
wdiich are in contact 
are inclined at a small 
angle to the jAane of 
the two pieces of tim- 
^ber ; it is only used 
when tiiero is a heav} 
pre.sHure on the w'ood 
which keeps the joint 
in place. 

Bevelling {Carp, etc.] 
angled surface. 



DEVELLJEii Halving. 

To form an acute or obtuse 



BSZ 


51 


BIB 


Bezant {ArehteoL^ A gold coin of Byzantium, an 
ancient city of Thrace, situate- on the Bosphorus. 
When the seat of the Roman government was fixed 
tliere by Constantine the Great in 330 a.d., the 
name was changed to Constantinople. Bezants were 
current in England from the tenth century to the 
reign of EdwaM III. 

Bezantz {Her,) Flat gold roundles or circles, 
without impress. Originally gold coins struck at 
Byzantium. 

Bezantz Toupteaux {Her.) Roundles in which 
the dexter side is half a bezant {or) and the sinister 
half a tnurteau {gvlett), • ^ 

Bezanty Bezantee {Her.) Charged with” 

bezants. 

Bezel. (1) The edge and oblique faces of a cut 
gem. (2) The grooved ring for holding the glass of 
a watch or clock. (3) The sloping edge of a cutting 
tool. • 

Biacca White lead. 

Biadetto ( Paint.) A blue paint made from copper. 

Bianco Secco (Paint.) A wash or paint made 
from lime, u.-^ed in fresco work. 

Biaxial Crystal ( Phyxiex). One with two Optical 
Axes {q.r.) 

Bibcock {Hng.) A la]) or cock of the ordinary 
shape in which the nozzle is bent downward. 

Bibelots {Art). Objecis of art, or curiosities, 
used fi)r docorat ive purposes. 

Bicarbonates. Compounds formed by replace- 
ment of half the replaceable hydrogen of carbonic 
acid by metals. Carbonic acid has the formula 
K.A’ 03 > sodium bu-arbonate is KaHC^O^; potassium 
bicarbontite is KliCOj,; and calcium bicarbonate is 
Ca(HCO,V 

Bice ( Paint.) A blue paiut, inferior to ultramarine. 

Bichromates { proprrhj called Dichromates). 

Salts of tile unknown acid H.,Cr.Of ; e.q. is 

potassium dichromate, often called bichromate of 
potash. 

Biokern. A Beak Iron {q.v.) 

Biclinium {.ireh^jeol.) A couch or settee for two 
persons. 

Bicorporate (Her.) Having two bodic.s joined to 
one hfjid. \ 

Bicycle. A bicycle may be defined as a vehicle 1 
propelled by foot power by the rnier, and having two [ 
wheels in line with each other. AVr also Cti’LEs. | 

Biennial {Botany). A Iierbaceous plant which 
persists for two seasons. In the .second year the 
plant flowers apd fruits. 

Bifilar Suspension {Phyx., Mechanics). Two 
.similar fibres of equal lengtii, and usually parallel, 
are often used to susptmd an object, such as an 
eloetrometer needle. At rest, the two fibre.s lie 
wholly in the same plane ; if the .•suspended object 
be turned, it is slightly raised at the same time, and 
gravity tends to restore it to its original f>osition. 
Thus a continual ilirective force is obtained which is 
independent of any torsion in the fibres themselves,* 
or of magnetic <jr other external force.s. 

Bifrons {Smilp.) Two faces put back to back so 
as to form one lioad — e.g, Janus is often so represented. 

Biga {Aroha'ol.) A Roman chariot drawn by a pair 
of liorses. 


Bight. A loop in a chain or rope ; also a general 
term for a bend. 

Bile {Zoology), A secretion of the liver stored 
up in the gaU bladder. It is passed out into the 
duodenum (^.«>.) by means of the bile duct. Bile is 
alkaline, counteracting the acidity of the cl^me. 
It also acts upon fats to form an emulsion. 

Bilge Water {Hnq.) The water which accumulates 
ir the bottom of a shii^’s hold ; it is removed by bilge 
pumps, worked by hand or steam, or occasionally in 
old ships by a small windmill on deck. 

Bill {Arms) A cutting weapon with 
a curved point like a beak of a bird, 
used in warfare in the fourteenth and 
fifteenth centuries. 

{Typog.) A list or scale of the 

quantity of each letter required for a 
fount of type. 

Billete {Her.) Strewn with billets. 

Billet Moulding {Architect.) An en- 
riched moulriing used in Norman strings 
and an^hivolts. It consists of a series of 
small pieces or Viillets, cither circular or 
square in cross section, placed in a hollow 
moulding, the spaces between the billets 
being usually the same length as the 
billets. 

Billets {Her.) A charge like a small 
oblong, sometimes .shown voided. 

Bill Head or Bill Hook. A cutting 
instrument curved at the end and broad 
in the blade. 

Bind or Tie {M%mc). A curved line placed over 
or under two notes of the same pitch to show that 
the second i.s not to be re-struck, but the sound of 
the first note is to be sustained for the time of the 
two. Sir W. S. Bennett introduced the sign f ' ' I 
instead. * 

Binder or Binding Joist {Carp.) The beam 
supporting the common or bridging joists {q.v.) 

Binders for Slides {Photo.) The strips of black 
or coloured paper used to fasten round the edge of 
lantern slides to hold the plate and its cover g^lass 
together. 

Binding Straps {Hng.., etc.) The metal holders of 
the tool in planing and shaping machines. 

Binding Wire. Fine wire (iron, brass, or copper) 
used for holding small joints during brazing, or 
somel i in e.s permanently. 

Bioscope. See under Cinematoqbafh. 

Bioses {Ohcni.) A name given to those sugais 
which contain twelve atoms of (‘arbon and arc 
resolved on hydrolysis into two sugars, each of whicli 
cimtains six carbon atoms ; c.g. canc sugar, maltose, 
and lactose are bioses. 

Biotite {Min.) One of the mica group. A silicate 
of magnesium, pi^tassium, iron, and aluminium, the 
exact composition of which varies consi<lerably. It 
is a common constituent of eruptive and metaniorphic 
rocks, and is widely distributed. It is monosym- 
metric, and it usually occurs as pseudo-hexagonal 
plates with a perfect basal (cleavage ; the laminje 
arc transparent and elastic. 

Bipennis {Arms). A double-ed^ged axe 

Birch. See Woods. 

Birdbolt ( Her.) A blunt arrow. 



BiUi, 

CeN'ILRY. 
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Birdlime* Not a definite cliemical substance ; it 
contains alH>ut 6 per cent, of caf)ntobouc, esters of 
palmitic acid, and other substances of unknov^ 
constitution. It is prepared from the inner bark of 
the liolly. 

Bird of Paradise {Zonlogy'), Family, Paradi^eida ; 
order, Petsseres, A Polynesian family of birds, of 
nearly fifty species, much sougnt after for the sake 
of their beautiful plumage. 

Bird’s Beak (Architect.') A moulding used in 
Greek architecture. It consists of an ovolo or an 
ogee with a hollow moulding under, au(i with or 
without a fillet between. It is frequently used in 
the capital of the Greek Doric anta. 

Bird’s Eye (Plumh.) A hole accidentally made in 
a pipe by a clumsy workman. 

Bird’s Eye Maple (iMo.) Grainers in imitating 
this wood prepare a ground of white lead tinted 
either with a very little vermilion or with Oxford 
ochre. Tlie graining colour is usually burnt umber 
ground in water, to which is added a little raw 
Sienna. See also Woods. 

Bird’s Ey& View. A view of a landscape siudi as 
would be seen by a bird flying. 

Bird’s Mouth (Carj?.) A triangular notch. 
Rafters are birdsmouthed on to the wall plate. 

Biremis (Archatol.) An ancient vessel with a 
double bank of oars on each side. 

Birettay Beretta (^Cost.) A square-shaped cap 
worn by persons in orders (R.C.Ch.) The biretta 
of the priest is black, that of a bishop purple, and 
that of a cardinal rod. 

Birkhill Shales or Graptoiitic Mudstones (Oeol.) 
A section of the SUurian rocks, of marine origin, well 
developed in the Lake District, and near Moifat, as well 
as at other jjlaces in the south of Scotland, Jt 
consists of a small thickness of black mucLstoncs, 
which seems to have been formed in deep water, and 
near the outer verge of the area of terrigenous 
deposits. It contains an extensive suite of graptolitea, 
many species of which occur only on a definite 
platform within these rocks, and thu.s form palaeon- 
tological zones of much value in stratigraphical 
geology. 

Birth Rate (Hygiene). The birth rate of a town is 
calculated in the following manner : Supposing a 
town has a population of 170,000, and the number 
of births during the year is 4,850, then the annual 
birth rate is 

4,S50 x 1, 000 

lf0,00() " 

The death and marriage rates are calculated in the 
same way. 

Bis (Mvtie.) Twice: shows that the portion so 
marked is to be performed twice. 

Biscuit (Pot.) See Bisque. 

Biscuit Oven (Pot,) See Bisque Oven. 

BiselHum (Arehteol) IJterally, a seat or chair 
for two; allotted to distinguished |>ersuns as an 
honour on public occasions among the Romans: 

Bishops* Length (Pa4.nt.) Canvas, 58 by 94 in. < 


Bismarck Brown, 

.HCl 


A dye obtained from metaphenylerie diamine by the 
diazo reaction (g^v.) Its formation is used as a test 
for the presence of nitrites in water. Sec also I)YES 
AND Dyeing. 

1 ^ Bismuth, Bi (Ctieit) Atomic weight, 208. A 
l^rittle crystalline metal, greyish-wliiUs colour, with 
tinge of pink. To obtain it the ore is roasted and 
then melted with charcoal, iron, and slag obtained in 
smalt making. It is readily oxidised to the oxide ; 

scarcely Jictod on by hydroobloric acid, but reaSliiy 
by nitric acid forming the nitrate. strong 

sulphuric acid forms the siili)hate BL(SO^)a. Bis- 
muth is used in making “fusible metals.” This 
element occurs native in foliated or granular masses 
and also in branching forms running through the* 
matrix It crystalliKCs in rhombohedral forms, much 
resembling a cube. Often found in association with 
ores of silver, cobalt, zinc, and h^ad. Tiie nativh 
mclal is the most important source of bismnthe. 
Obtained from Botall.ack in Cornwall, Caldbeck Fells 
in Cumberland, Saxony, Bohemia, Norway, etc. 

Bismuth Compounds. Bismuth Oxide, Bi./)^, a 
brownish-yellow compound obtained by heiiting the 
nitrate ; insfduble in water, soluble in acids. Bis- 
muth Chloride, BiCl,,, forms white deliquescent 
crystals, and is ootaiiied by di.ssolving the oxide in 
hydrochloric acid nr the inelnl in atjnn regia ; its 
solution gives, with much.water, a white precipitate of 
Bismuth Oxychloride, BiOCJ. Bismuth Nitrate, 
Bi(N 03 )„ a white delicjuesocnt crystaiHne solid formed 
by dissolving the metal, oxide, or carbonate in nitric 
acid. With water its solution fonns the iraiwtant 
JilSMUTH OXYNITRATB, BiONO,, a basic nitrate ; 
insoluble in water as su<‘ii„,^ub decompbsed by it 
on prolonged action. Much used in mndiciiie as an 
astringent and antiseptic ; .also used as <a cosmetic 
and in painting on porcelain, 

Bismuthine (Min.) Bismuth rrisulphide, ; it 
usually occurs in acicular crystals f'f the rhombic 
.sATstem. Sometimes ma^.sivc;. Colour, lead grey. 
From Cornwall, Cumberlainl, Haxony, etc. 

Biamuth Ochre (Min.) Native bismuth trioxide, 
BLv)j,; its form i.s rhombic. It occurs as a greenish- 
yellow incrustation on other bismuth ores, but is not 
common. 

Bisque (Pot.) T)ie term given to potteiy or 
porcelain after tiring in the bisque even aud before 
being glazed. 

Bisque Oycu, Biscuit Oven (Pot.) I.s that in 
which tlie clay articles are placed, and the heat of 
whiiih renders them more or less vitrified. 

Bistre (Paint.) A brown pigment prepared from 
soot. 

Bisulphates (Chem.) Salts of sulphnrio acid 
(HjJSOJ in which half the hydrogen of the acid is 
unreplaced by metals; eg, is potassium 

bisulphate. 

Bisulphites (Chem.) Salts of sulphurous acid 
f in which half of the hydrogen of the acid 

is unreplaoed by metals; e.g. NaHSOj is sodium 
bisulphite. 


I >nh. 
■ N - N - C.H,/ 

\ ,NH, 

*< 
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Bit {Garp., Bng,) Name applied to several tools 
or parts of tools~<'.<7. the copper tool used in 
soldering alto Boldxibxng Ibon), and the cutting 

tool used with a brace or drill. See Twist Bit, 
Cbnteb Bit, etc . 

Bite iTypog,) A blank left in a printed page 
owing to the frisket accidentally covering a portion 
of the forme. 

Biting In {Engrm.) The action of the acid on 
metal in etching. 8i^.e Engraving and Etching, 

Bittern {Clutm,) The mother liquor remaining 
after oommem salt has been sepjwated by crystallisa- 
tion from sea water. It wai in this liqnor that 
Balard discoveted liromine in 1S2G. $ 

Bitter Spar A ferrngiaous variety of 

Dolomite 

Bitumen iPaint.) A pigment made from asphalt, 
of a colour resembling sepia. Being susceptible to the 
weathex, it should be used very sparingly, or perhap.«» 
it would be better not at all. Cf, many of the pictures 
of Sir Joshua Kcynolds. 

• Bitumens {Min.) A series of carbon com})Ounds 
of the olctiaiit atul paraffin groups.' They usually 
o<‘cur as mixtures. Most are semi-solid or liquid, 
and many have aromatic odours. The princiiial 
members arc: Hachettite (carbon ~ 85 5, hydrogen 
« 14*.*) percent.); Ozocerite (carbon = hydro- 
gen *» 13’7 per cent ) ; Amber (carbon — 70‘0, 
l«ulrogcn « 10*5. oxytren 10*r> percent.); Vetro- 
leurn (a mixture of the .series C'nlhin -r ?), Asphalt, 
Na])htha, etc. 

Bituminous CoaL Coal containing a large arr ount 
of tarry matter or bitumen. Sre aho COAT.. 

Bituminous Paint (/%.) A }'aint or varnish 
composed’ of tar mixed \sith resin and tallow; used 
for ironwork under water. 


Biuret (C/fcwi.) A compound formed by cai-efully 
heating urea at ISO'" to >ee«Uos, soluble in 

w'ater and alcohol ; melts at 190*’', 




Umi. liiureti. 

Caustic soda am! coj)per sulphate solutions added to 
its .soliilion in wal er give a violet red ordouration. On 
healing, biuret yiehis ammonia nud cyauuric acid 


Biuret Reaction. When caustic soda and copper 
suJ]>hale fcolutiona are added to an aqueous solution 
of an albumin a ^iolct red eoh iir is produced, while 
albumoscs and peptones give u pure re<l colour. The 
coloured compouutl has the formula : 


/ CO - NH., - Cu - 11..N ^L'O 
“I 


NH«: 


\ 


NH. 


Oh ho \ 

OH HO I 

\ CO - KH, - KK - II Jl- CO / 

The biuret reaction is given by all substunces which 
contain 2( — CONIl^) or 2(— CSNH..) : groups united 
either (1) to each other, (2) to the same carlKmatoni, 
(8) to the same nitrogen atoms. It will detect one 
part of a pf!ptf)ne in 10ti,0t)0 of water ; less sensitive 
for other substances. 


Black (/>i.^.) Applied to work left rough just as 
it came from the fj'rge or foundry, as well as to work 
which has been treated with a varnish, paint, or other 
coating. 


Black {Paint.) The so-called colour is due to the 
circumstance that the substances composiztg it absorb 
all the rays of light and reflect none. Bla^ pig- 
ments are either made by incompletely burning 
various organic substances or are found in a miaeral 
state. Among the former are carbon black, bone black, 
lamp black, ivory black, Sx>anish black, and vegetable 
black ; among the latter, graphite, Frankfort black, 
etc. See also Bbunswioe Black, Drop Black, 
and Gas Black. 

, Aniline. See Dtbs and Dybinq. 

Black Ash. St^e Alkali. 

Black Band Ore Met.) Clay iron ore (q.v.) 
mixed with bituminous matter. Occurs chiefly in 
sliales of Carboniferous age in various parts of 
Britain, in Germany, and some other places. 

Black Chalk. A mineral substance nsed for 
making crayons. 

Black Copper {Met.) The product of one of the 
stages of smelting copxjer. 

Black Damp Carbonic ncid gas. 

Black Diamond or Carbonado (Min.) Synonyms 
for JlORT (q.r.) 

Blackdovui Beds {(real.) A subdivision of the 
Cretaceous Hocks which has yielded an abiiii'lant' 
marine fauna. Its precise gcidogical position has 
formed the subject of much discussion. 

Black Flux. A mixture of potassium carbonate 
and charcoal obtained by h( ‘filing cream of tartar 
out of contact with air. For some purposes thw 
mixture coutains b>o much carbon; in this case the 
cream of tartar is heated with more or less nitre. 
See Flux and liKDUdNG Mi.\.tures. 

Blacking or Blackening {Mmldiug). Carbon- 
aceous dust (giiq)liito, gruund charcoal, etc.), which 
is dusted oier the surface of a mould to prevent 
sudden contact of the fluid metal and the sand 
of which the mould is formed. 

Blacking Mill (Movlding). The grinding machine 
for preparing tlie fine powder used for bhufiring a 
mould. 

Black Jack (Aroh^sol.) A capacious can, formerly 
made of waxed leather, but now' made of metal. 

(Min.) A synonym for ZiNC Blende {q.v.)^ 

used by miners. 

Black Japan {Deo.) A black quick drying 
varnish much used by carriage painters, but 
useful also to house painters in preparing rich 
<lark colours for glazing and scumbling {q.v.) The 
absence of a greenish or a reddish cast is the chief 
characteristic, of good quality. 

Blacklead {Png.^ etc.) Graphite (or plumbago), 
(»mi of the natural forms in which carbon occurs. 
U.scd as a lubricant where oil is undesirable — e.g. on 
cycle chains, on wooden surfaces where frioti<‘>n 
occurs, and on the surfaces of patterns to facilitate 
withdrawal from the moold ; also used in the 
foundry as Blacking {q.t.) See also Plumbago. 

Black Letter (Typog.) A name applied to the 
form of type used by the early printers, which was 
subsequently displaced by “Roman” type. Also 
called “Gothic” or “Old English.” The follow- 
ing are black letter type of the sixteenth century; 

a IS or. 
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• Black Oils* Mineral oils wbioh have not been 
cheznioaJly purified. Used for lubrication if suf!> 
cicntly viscous. See rABAPPiN and Fulleb’s 
Grease. 

Black Sand (Mouldinff'). Old foundry sand, form- 
ing the floor of the foundry, and used for the main 
‘part of a mould, but not in immediate contact with 
the pattern. 

' ‘Black Smoke {Eng,^ etc.^ The result of incomplete 
combustion caused by faulty grates or careless 
stoking. The discharge of black smoke is forbidden 
by law, And, moreover, represents an enormous loss 
of fuel, since tlie furnace gases arc carrying ofi great 
quantities of carbon in a very finely divided form. 

Black tellurium ( Min.') A synonym for N AG y a g- 
ITB (5f.?».) 

Blackwood. Si^e Woods. 

Blade. The cutting }iort ion of various tools, or the 
thin, flat part of a squiiie, bevel, etc. 

Bladed {Her.) When the stalk of corn is of a 
different tincture from the car. 

Blanc Fixe {l)cc.^ etr.) An artificial sulphate of 
barium, very white and line and somewhat heavy. 
I’rincipally used in papermaking and in the 
manufacture of wallpaper colours. Tt also enters 
largidy into the composition of lithoponc Orr’s 

white, etc. 

Blank {Coins). The disk stamped out of a sheet 
of metal ready for fetriking. 

{Etig.) A piece of metal roughly cut, cast, 

or forged to a particular shape ready for accurate 
workiug up by hand or machine. 

Blank End {Eng., etc.) The closed end of a f»ipe 
or channel. 

Blanket {WoolUm Manufor) A thick, heavy 
fabric, usually plain woven and covered with fibres 
on both sidek Woollen T^lankei'S are made of 
wool ; Union Blankets of a cotton warp and wool 
weft. Cotton Blankets are made entirely of c<it ton 
with a soft spun weft. 

{Ungrav.) A piece of woollen materiaJ wrapped 

round the roller of a pre.ss t o equalise the pressure. 

Blank Hole {Eng.) A misplaced rivet or bolt, hole 
which comes opposite to solid material instead of a 
corresponding hole. 

Blank Wall {Euild.) A wall without an opening 
in it. 

Blank Window {TiuHd.) A window opening filled 
up with brickwork in the form of a panel. 

Blast (Mt't.) Air forced into a furnace by a fan 
or blower. U.sed in nearly all inetallu rgical operations, 
and in steam boilers when required to work at their 
maximum capacity. See Forced Draught. 

Blasted {Her.) A branch with all its leave.s tom 
off ; also termed “ starved.” 

Blast Furnace {Met.) A vertical furnace with a 
constriction or narrowing at tiie top and bottom; 
made of iron or brick, lined with some very refrac- 
tory firebrick or ot]ier material. For producing pig 
iron from the ore, which is shot in from the top along 
with fuel and some flux, and kept at an Intense heat 
by a hot or (less frecjuently) cold blast. On(*e lit, 
the furnace may run for several years before being 
blown out'' or stopped. The fluid iron is drawn off 
at intervals from the lower part,' the slag (which 
collects above the iron) being drawn off continuously 
through a special opening. See alio Furnaces. 


Blasting Gelatine. An explosive mixture of 
nitroglycerine and nitrocellulose, less highly nitrated 
tlian gun cotton. 

Blast Main {Eng.) The large pipe cariying the 
air from the fan or blower to the furnace. 

Blast Pipe {Met.) Th€^ pipe discharging the 
exhaust steam of a locomotive into the chimney, 
thus producing a forced draught through the fire. 

Blazed Pig r»r Glazed Pig {Met.) Inferior pig 
iron containing a high percentage of silica. It is 
often profluc'cd soon after a furnace is started, 
j Blazing Off {Eng.) Tempering steel by cciating 
I it, after hardening, grease or oil, and heating 
|gtill t!ie vapour from the oil “ flashes” or lights. 

Blazon {Her.) (1) A shield or coat of arms ; the 
charge's or devU^es are called “blazons.” (2) A 
description of armorial bearings in ]:)ro|)er heraldic 
terms. 

Blazonry {Her.) The art of de lineating or de- 
scribing Coats of arms in projier heraldic terms. 

Bleached Cotton Cloths {t^otton Wearing). A 
variety ol makes may be mcluded under this head-^ 
ing. All of them are woven and ])urely sized in the* 
grey state, and blenched afierwards. The following 
are a few ; liongcloths. canibrics, ja.cc(uiettes, lawn.s, 
uain.sooks. toilets, lenos, etc. 

Bleaching. The removal of colouring matter from 
a fabric by a process of oxidation or reiiucthm. 
Dxjdation is effected by soaking the fabrii; in a 
solution of bh acliing jioNvder (|y.n), then in a dilute 
acid, sucha.*^ sulphnri^’ aci i : in this way Ijypochloroiis 
acid (y.r.) i'^ lilumied, and this oxidises the colour- 
ing matter to a colourless c-unin-wnd. Ut:ductiox 
effected by submitting the faiiric to the action of 
.snl}>huruus acid(iy.?*.) ; this is often done by sn^];end- 
iug the fabric in a closed room, on the floor of Vhicli 
.sulphur is burnt. In this cjise hydrogen Is arldcd to 
the (‘olouring mattf'r, and a ' olourlcHS prfMluct is 
formed. Fabrics bleached in this way are liable to 
ngaiii their colour on exposure- to air and light. 
rr)iton and linen are bieachetl b\ the lirst method, 
and wool, .silk, and stiaw Ir. the see' ml. In all cases 
the fabric .slnnild be cljcmioally 'deaned before being 
subjected to the bleaching process. Hvfln 'gen per- 
oxide, obtaiiUi<l by tiie act ion of hydiochloric acid on 
sodium ]>eroxide (g,i\), is now sometimes used as a 
bleaching age!it : it bleaches by oxidation. 

{Paper Mamifac.) Tlie process of making 

disinteg^at***^! rags or other pulp perfectly white by 
means of chloride of lime. 

Bleaching Powder. A white pow‘rler of the com- 
position Ca It is prepared by pa.-sing chlorine 

over good slaked lime (Ca(OH) 2 ). The operation 
is carried out in stone chain berk and lasts some 
days. Heat is evolved during the absorption of 
the chlorine. Bleaching powder changes on ex- 
]K)Sure to air and moisture ; it contains unchanged 
slaked lime. When treated with water, the solu- 
tion contains calcium chloride and hypochlorite ; 
2Ca . OCl . CJ = CaCfl.^ + Ca(OCl).j. Acids decompose 
it, giving chlorine or hypochlovous acid ; e.g. with 
hydrochloric a<*id we may suppose hypoohlorous 
acid is liberated first, and immediately decomposed 
by hydrochloric achl, giving chlorine ; 

Ca(OCl)., +. 2HC1 =:CaCl, + 2HOC1 
2HOC1 + 2HC1 = 20^0 + 2Cljj. 

Its solution, warmed with a solution of a cobalt salt, 
gives a steady current of oxygen. 
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BleaJk {Zool.) Albwtms lueidus (family, Cypri- 
ni(i(e), A small, fish of the carp tribe found in 
Europe and Western Asia. Its scales are used in 
‘ making artificial pearls. 

Bled (Bifid.) When the edge of a book has been 
cut down to such an extent that the print is affected, 
it is said to have been “ bled.” 

Bleed (Plumb.) To bleed a pipe is to make a 
small bole to run off the water so that the pipe can 
be repaired. 

Blend (Paint.) To gradually pass from one colour 
to another witliout abrupt transition. 

( Woollen Manvfac.) ^ A mixture of fibres 

ready for carding. ^ 

Blende (Min.) Zinc sulphide, ZnK (zinc = 66, 
sulphur = 34 per cent.); usually a little cadmium is 
present. Also called Sphalerite, and by the miners 
Black Jack. It occurs in complex forms of the cubic 
system.^ At one time it was rejected as a useless 
gangue metal, but now it is a valuable source of zinc 
and cadmium. Colour usually black. Often as.so- 
ciated with lead, copper, and silver nres, and barytes. 
*Fri)ifi Alston Moor, Saxony, Spain, Sweden, Belgium, 
etc. 

Blending (WooUe?i> Manvfar.) The operation of 
mixing wool, cotton, mungo, etc. Blencting has thi*ee 
distinct applications : (1) To the mixture of two or 
more qualities of material; (2) to the mixture of two 
or more colours of material (3) to the mixture of 
several qualities and colours o‘f material. 

Blind Drift {Mining). A passage nut leading to 
any other working ; a “ cul de sac.'’ 

Blind Lode or Yein (MUhif/). A vein with no 

<UltCl'Op 

Blind P. i'J^ypog.) A paragra]tti mai’k, so 
named liecausc the loop of the P closed. 

Blind Tooling (Jhml.) Ornamental impreasions 
on the cover of a book produced by heated blocks or 
to<Js, not finished with gilt. Called also Antique. 

BliBteP*(P<i'W4^) A sw'elling of the paint on the 
.surface of a picture. 

Blister Copper (Met.) “ Fine metal " (y.r.) which 
has been roa.sted to expel sulphur an<l then melted 
and run into moulds. The giiscs escaping from the 
molten copper pioducc a blistered appearance. See 
a/xn Copper, 

Blistering (Bee.) A frequent and serious fault of 
painted work. Arises from a variety of causes, the 
most common of which are (1) painting upjii a damp 
surface, (2) imi)erfect adhesion between coats of 
paint, (3) improper treatment of knots, (4) the use 
of too much oil. Painted work in some jiositioiis is 
very liable to become blistered, es|)ecially where it 
receives the full force of the sun. Executing the 
work in sharp, flat colour (q.v.), and aftciwards 
varnishing, generally prevents blistering. A gocwl 
washable water paint may also be used with success, 
with a vamislied finish. It is important that in every 
case ample time be given for each coat to diy. 

Blisters (Photo.) Occur in a film through careless 
handling or uneven drying in nianufacture. They 
may sometimes be checked by fioo<ling the plate with 
methylated spirit. 

Blister Steel (Met.) Steel produced by the 
cementation process (q.v.) The appearance is due 
to the esoai:>c of carbonic oxide gas. See also Iron 
Mtd Steel. 


Block (Eng.^ etc.) The wood or metal frame. c^r 
ease carrying the pulleys in lifting tackle.' ' ' ^ 

(Sculp.) A solid piece of stone or wood 

unworked. 


(Efiyrav.) A piece of hard wood on which an 

engraving is cut. ^ 

^ term embracing woodcots^ 

sdneos, electros, etc. 

Block and Start (Build.) Stones 
next to an opening, when alternately 
long and short, form block and start 
work, as in the figure. See Quoins 
and Long and Short Work. 

Block Chain ( Cycles). See Cycles. 

Block Coal. Coal with well marked 
horizontal and vertical divisional 
]>lanes. 

Block in Course (Build.) Stone 
wailing, used chicily for embank- 
ments, etc.; similar to ashlar work 
(q.v.) 
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Blocking or Backing (Carp.) Pieces of wood 
let in or fixed to the walls of buildings. To these 
the joiner’s work is secured. 

Bloclring Course (ArchAtect.) A plain course of 
stone in a classical building placed at the top of a 
w^all immediately above the cornice. 

Blocking Out (Photo.) Covering parts of the 
negative with an opaque paint or varnish in order 
that they may appear white in the print. 

Blocking Press (Bind.) A machine used for 
impressing ornamental designs on cloth covers. 


Block Joint (Plumb.) A wiped joint (q.v.) with a 
fiauge, used for large lead pipes when in a vertical 
po.sition. 

Block Betting Crane (Eng.) A powerful travel- 
ling crane (see CRANES) used in setting heavy 
masonry, such us harbour work or bridge piers. 

Block System (Hallway Eng.) The system of 
signalling used on English passenger railways. The 
line is divided up into sections, each beginning and 
ending with a semaphore signal. A train may not 
enter any section while another train or any part 
of a train is on it. When no train is on a section, it 
is said to be ** clear ” ; the signal at the beginning of 
the section may then be put down or set at clear ” 
as soon as a train approaches, and the driver can 
enter the seetion at once. It is obvious that as long 
as the Block System is working correctly there? is no 
risk of collision between two trains running in the 
same direction on the same line of metals ; but it 
does not secure absolute immunity from accidents. 
Indeed, probably no system of signalling can achieve 
such a result. For example, if an '* up ” train became 
derailed or wrecked, it might obstruct the down ” 
line, and the signalman w'ould have no indication 
that the down line was not clear ; and if he admitted 
a train to it, as be would be justified in doing from 
the information at his command, an accident to the 
dowm train would occur. 

Block Tin. Tin of second quality, usually cast in 
ingot or block weighing about 3 cwt. The best 
quality is known as Kefined Tin, See also Tin, 

Blood (Zool.) It consists of a clear fiuid (plasma) 
containing red and white corpuscles. The former 
are round discs ^ of a yellowish tint, and serve 
to carry ox 3 *gen in combination with their pigment 
(^haemoglobin) ; the white corpuscles are amoeboid. 
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ooloorless, and few in number. Blood is used in 
vaiions manufactures — <7.^. in calico printing*, in the 
i^nafactute of prassiate of potash, and in sugar 
refining. H4&M0ax>0BiK atid Waste Products : 
Animal Kefuse. 

Bloodstone (Min,) A variety of Chalcedony of 
dark green colour, speckled with red; it is also 
called JlELiOTBOPB. Much used for seals and ri^s. 
See Precious Stones. 

Bloom (Leather Mann/ac,) Bloom is ellagic acid, 
a greyish powder which deposits on the leather in 
the tan pits. It is practically insoluble in water, and 
separates out in the tan liquors. See Bloomed 
Butt. 

(Met,) The mass of iron taken from the 

puddling furnace (^.v.) after squeezing to exjwd 
cinders; also any piece of iron prepared for tl^c 
hammer or rolling mills. 

Bloomapy or Bloomery (Jfet.) The first forge 
throng' I whicli iron passes aher it has been melted 
from the ore, and in which it is made into blooms. 

Bloomed Butt (Jjeather Manufac,) A butt 
finished with the bloom left in. ('Idefly manufactured 
from South American hides. Originated in and is still 
chiefly confined to West of England. 

Blooming (Dec.) A defect in varnish or varnishing 
giving rise to a mist or bloom whicii ap])tiars uix»n 
the bright surface, and dims it wholly t»r partiall\ . 
The trouble arises from moi'^ture or a want of 
Tcutilat^)n. Can be temporal ily cured by rubbing 
over the surface with a rag moist encid in paraffin oil. 

Blooming Hills and Rolls (Mct.^ The inadiinciy 
used in dealing uith the bloom of jiuddlcd iron. 

Blottesque (Paint) l^aiiited in largo blot.s. 
Spectator ^ Januaiy 24th, 18So: “The fa-diionabh* 
blottesque school wherewith^ modern painter.*? smear 
their way to ‘ emolument and oblivion.’ ’’ 

Blov In smelting, the forcing of air into 

the furnaces. In the foundrj'- a blow, or blowbo'o, 
is a cavity caused by air being enclosed in t!j.; 
molten metal. 

Blower (Mining), (1) A jet of natural 
emanating from coal in a mine ; (2) blowing 
machinery for pumping air. 

Blowing Engines {Lng.) Either rotary machines 
(eee Fans) <»r large worked directly from the 

piston rod of an engine. Used for working the air 
blast. They deliver large volumes of air at a 
pressure of 2 up to JO lb. per square inch. 

Blowing CMT (Met,) Driving out the whole of the 
water in a boiler, in order to expel the sediment. 

Blowing Room (Cotton Spinning), That depart- 
ment of a spinning mill where opening and scutching 
(q,v,) are carried on. 

Blowing Throi^ (Ling,) Clearing the pipes and 
valves of an engine by sending a current of steam 
through before starting. 

Blown CaatingB. Castings containing a number 
of blowholes. 

Blown In (iRsf:) A blast furnace fully started. 
This operation takes three or four weeks. 

Blown Joint (Plwmb,) A lead pipe joint made 
with a blowpipe. 

Blown Oil. A fixed oil (f,v,} such as linseed or 
rape oil, which has been tremd by being heateil and 
having air blown through it. The process increase.*) 
the density and viscosity of the oil, and I’enders it 


valuable in the manfif^ctqrj^jof latji^icatits, for ifhtch 
purpose it is usually mixed Mpth ibineral oil.' 

Blown Out (Met) A Hasty^fartMUie < which has 
been stopped is said to be “ blowi^opt.’* 

Blown Band ( Geol,) , A ierm appUOd to Che 
deposits of sea sand which accumulate on the' shofe 
just above high w'ater mark jn maMy maritime weens, 
and form sand dunes. Part of tlie sand ^ blown 
inland in the dry state ; but most of it is transported 
in sea spray driven hind ward during storms. The 
water drains back to the sea, and the sandds left. 
Much rearrangement is aftcTwards camAi out by 
the action of the wind when the sand is dry. 

^ Blow Off Cock (Ljigf) A cock at the lowest part 
of a boiler luscd for emptying it by blowing off. 

Blow Out (Mining). A part of a vein which has 
become docompo.scd. 

Blowpipe. A curved tube with a fine apertures 
used to direct a jet of flame on to an object which 
has to be licatcd. Used in chemistry for dly teal f, 
and in various arts. In tlie latter ca^e a ix)rtable 
lamp is frequently combintsl with the Idowpipe, and 
in this foi*m it is used ft»r soldoring hy plumbers,* 
electric wire men, etc., and hy paqjtcrs for burning 
off old paint before at)plv ing a iiefjv coat. The air 
cnrrciit is furnisluMi either by the breath of the 
operator, by .some form of Vdower or bellows. i»r by 
the use of compressed oxygen. The latter furiiislie.s 
the most intense tiame known, and will fuse many 
of the most refractory snb-'tanoes, being second only 
to the electric furnace (g.t\) in the temperature 
which it can attain. 

Bio wpipe or Blowing Iron ( (rlafts Manvfac.) A 
long l\ollo\v iron rod about 5 ft. in length and 
van ing ill diameter from J to 2 in. aecerding ip the 
weiuhfc of the gla.s.s intended to be worked. * 

Blow Through Yalve (Png.) A valve connecting 
the valve box with il e e.ondensor of an engine, used 
for ))iowing through (y.r.) before starting the engine. 

Blubber (Zoology), A laver of thiek^. oily fat 
bemt'idh the skin of the. wbale and porpoijfe. l^rge 
qmuitities of whale oil arc obtained tVom it. 

Blubber Oils. A c^ oiq* of oils obtained from the 
blubber uf the whale, .seal, porjioisc, and dolphin 
(black fish), q r. 

Blue (Pah'L) One of tlie primary colours: cf. 
the colour of tlu'. clear sky or the deep sea. The 
blues used as pigments are practically all compound 
substances derived either from vegetable or mineral 
.sources. Amongst blue pigments may be* mentioned 
ultranmiine, Prussian, Krenoli, cobalt, royal, smalt, 
etc. (q.v.) 

, Alkali. See Dyes and Dyeing. 

Blue Billy (Met,) A ferruginous residue resulting 
from the roasting of copper pyrites, used as a 
“fettling” (q,T.) in the Ulevcland iron district. 

Blue Black ( Paint.) Ivory black. 

Blueing (Png.) In tempering steel, the production 
of tile blue tint by lieating the metal to about 
F. Steel springs, pistol barrels, etc., are so 
tempered. 

Blue John (Min.) A miner’s synonym for Fluor- 
spar (q,T ) 

Blue Lias (Oeol) A term usually restricted to 
the bands of argillaceous limestone which occur in 
the Lower Jurassic Hocks. 

Blue Lias Lime (BnUd,) A lime that will set 
under watei-'l(7. a hydraulic lime. See Cements. 
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. .1^ Vptal (^0.. 'i , copper Matt (^.v.) con- 
taiiting 60 or 70.£er^cliiqtjOf copper. 

Bl«e Print mixtare of a ferric salt 

ttn(i potassium f^hsicyaiiiOe is spread on paper; Hgflit 
pr^uoes iLn insoluble blue compound resembling 
Prussian blue. Tiie, uiicbangod portion can be 
Tsaslied awu}*, givmg (j< a tracing is being copied) 
wliite lyies on a l)lue ground. To get blue lines on 
a white ground the paper may be coated with certiiin 
ferric salts and developed in a solution of potassium 
feiTocyanide, and then cleared by an acid bath and 
washed, ^liis proce^ss is less used than the former 
ouOf as it involves much mOro manipulation. 

Blue Vitriol (67^/w^.) tRq ct^mmon name for* 
crystallised copper sulphate, CuS0^5H./J. ** 

(Min.) A .synonym for Chal^nthitb 

Bluey (Plumb,} A slang name for l(‘ad. 

Blunger (Pot.} A vertical cylindrical machine in 
wl.ic.h knives are fixotl upon a rotating central shaft. 
The us# is to cut up and to amalgamate with water 
such clays as do not require grimling. 

Bo&rding (Leather Mawfac.} A process used for 
'light leather for prodvr intf the natural gniin 
markings on the lent l.ei’. The skins are boarded up 
(rolled) with a •cnir\od hoard covered with cork, 
wliich grips tlie claijjp h)athcr. 

Boarding ( Lrather Manvfae . ) Her also (fRAlKlXG. 

Boards (Hind.} Pieces of strong strawlv>arc1 or 
millhi^ard usj.vi to form the clivers <»f l)ooks. A l)ook 
in boards has these cov(‘rc<l only with paper ; if they 
are covered with cloth, it is i9i rloth hoards \ if with 
leather or a like substance, the book is hound. 
Formerly the boards were of thin wood ; hence the 
name. 

Boosted (TiviJd.) The surface of a stone which 
has bi^eii ^VL>rked with a chisel calh;d a boa.stcr. 

Boaster (Heidp.) (1 1 A tool made of various 
materials, used in modnllinu: clay or w:ix : ('2) a 

broad-£ace<l chisel used by masons for tlressing tlie 
surface stone. 

Tho weight on a pcndulnin, or the weight 
on a pi 11 nibline. (2} S counterbalance weight used 
in many x^icces of machinery. 

Bobbin etc.} An implement round 

which tlirea<l or j’iini i.s wound in order to be wound 
off again with facility, as required, in weaving or 
sewing. It frequently takes the fnrm of a wooden or 
nudal cylinder with a fiaiigc or rim at one or both ends. 

(Phnvh., tia.^ An elongated hard wood 

ball for driving through lead i)ipcs, in order to pre- 
vent denting or collapse while the jiipc is being bent 
or hammercfl. Ahso termed a “ follower." 

( Woollen Mcenu/ac.} An implerncnt on which 

tho yarn is wound eitht r for warxiing or beaming. 

Bobbin Net (Lace Manufac,} This is made u])ou 
the twist lace machine as invented by John Heath- 
cote, 1809-11, It is a hexagonal->ha|)ed net in 
imitation of Brussels, and has one syhtein of threads 
traversed diagonally in both directions, with the 
result that it dt)es not “ run ” ^vhen ctit. Centres of 
manufaoturc, Nottingham, Tiverton, Ohurd, 

Bodkin (Archml^ A large pinlike instru- 

ment, generally thicker tlian a pin, used by women 
for fastening coils of hair. 

(Tyjutff,} A pointed steel instrument used to 

piok out letters in set-up type. 

Body ( fi^.) Applied to oils. “ Body *' refers to 
the consistency or viscosity. An oil which owes its 


viscosity to resinous substances in solution should 
not be considered to have ** body.’* A lubricating oil 
should have good body. ^ 

Body {'Jypog.} The shank of a letter* 

Body Colour (Paint,} (1) Colour which coats or 
covers the canvas, being opaque by the addition! of 
white instead of being transimrent, or used as a wash. 

-r — or Body of Pigments {Lee,} The property 
of ojjacity or x>o'ver to mask or hide a surface to 
which a pigment, in the form of a paint, is applied. 
Jt is this property which make.'* white lead so valu- 
able as a jinint. Body is sometimes incorrectly 
termed “ covering power *’ (g.v.) 

Body of a Work (Typog,} The text of a volume, 
exclusive of y>refaoe, notes, appendix, etc. 

Boghead Coal (Min.} A synonym for Tohbanite 
(q,v.} 

Bogie ( En>g.} A frame carrying tw^o or four whet Is, 
attached by a vertical pivot to the front or back of a 
locomotive or long truck or car. The bogie <’aii turn 
on this pivot when the vehicle is going round a sharp 
curve. 

Bogie Engine ( Eng.} A locomotive with a bogie 
eiti((T under the front or back of the frame of the 
engine. 

Bog Iron Ore (Min.} A loose earthy form of 
Limonite often deposited in swampy ground, pro- 
bably as the result of the decomposition of other 
iron cornxxmnds by decomposing vegetable matter. 
It is sometimes worked as an ore. 

Bohemian GlasB. See under Glass MjferuFAC- 

TUIIB. 

Boil (Met) The stage of the Bessemer proct^s*' 
during which the carbon is being oxidised to carbon 
monoxiii*. . 

Boiled Oil (Loo.} l.inseed oil which has been 
heated to a temperutme of from 210° to 260® C, 
This increa.sos its *‘di>dng” prcipertics or power of 
absorbing and combining with oxygen. Various 
^l^ie^^, such as litharge or manganese dioxide, are 
usually added in small (piantitics to the oil while lu)t 
to fi.ssist the quick drying. Boiled oil is generally 
mixed with raw oil wiicn used by the yiainter, 
Rcliiied boiled linseed oil is lighter in colour than 
I the usual quality, and is valuable for mixing light 
j paints, ]>articuL'irly zinc white (jq.v.} A simple test 
for drying qualities is to paint a little*, of the oil cui 
a watch glass. At the end of twenty-four hours the 
oil should have formed into a hard, glossy skin. 
Kaw oil at the end of the same period will have 
remained soft. Unboiled oil is called “ raw oil.” 

Boiler Capacity (Efia.} Either the cubical capa- 
city of the boiler or the horse power of the engine it 
can drive. 

Boiler Coating (Eng.} A non-conducting coat- 
ing of asbestos, felt, cement of some kind, or some 
patented comyjosition placed over boilers to prevent 
loss of heat. 

Boiler Crown (Eng. ) The top plate of a boiler. 

Boiler Explosions (Eng.) Tho sudden bursting 
or ruy^ilure of the plates of a boiler; the serious 
consequences wliich ensue are caiistid not only by 
the violence with which fragme^it.s of iron, masonry, 
etc., are scattered in all diiection.s, but also by the 
scalding steam, which proves fatal to x>ersonB ex- 
posed to it in an incredibly short space of time. 
Explosions occur through inherent weakness in 
the boiler itself, due to faulty construction ; the use 
of inferior materials : plates having been corroded 
or eaten away by the action of the water ; or owing 
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to an excessive increase of pressure caused by care- 
lessness, overworking the boiler, or failure of the 
Safkty Valve {q.v,) strict regulations for the 
management of boilers are laid down by the Board 
of IVado, and enforced by official inspectors. 

Boiler Fittings and Mountings (i%.) Those 
parts of a boiler which have to be ailded after the 
carcase leaves the hands of tlio boiler maker. 


Boiler Plate iEng,) Ordinary Lowmoor, B.B., or 
B.B.B. plates (q.v.) Steel plates are now much used, 
fastened with ateel rivets, and as they can be made 
much larger than iron plates, the number of seams 
and rivets is greatly diminished. 

Boiler Pressure Varies from 40 or 50 lb. 

per square inch to several hundreds in modem 
** tubular ” and “ water-tube ” types. 

Boilers* An engine boiler consists of a vessel 
made of wrought iron or steel plates riveted together 
at their edges, and is usually of cylindrical form. In 
the older forms of boiler the fire is contained in an 


inner tube, from which there may lend one or more 
fiues, which serve the double purpo&e of conveying 
away the waste gases and of increasing the heating 
surface of the boiler. — A Cohnisu Boiler (fig. 1) 
contains one large tube running 
through the boiler from end to 
end, carrying the grate at one / \ 

end, the other end being con- / \ 

nectefl to the chimney. Thi.s j \ 

large tube is frequently crossed 1 ^ j 

by short conical tubes termed \ f \ J 

Galloway Tubes, which in- V I j / 

crease the heating surface, and V J / 

also help to strengthen the 
largo tube through which they i._coiisiish Bou-eh. 
run by acting as stays. One of 
these tubes is shown running through the fire box 
of the vertical boiler in fig. 3 . — Lakcashire Boiler 
( fig. 2) : This is similar in out- 
ward form to the Oornish boile r, '-s. 

but contains two large tubes 
running through it. — V ertical / \ 

Boilers ; These are used in / \ 

small engines, launch enginc.s, | ^ i 

fire engines, etc. They contain \ f ^ a 1 / 

an internal fire box, as shown \ ( ) ( ) / 

in fig. 3. This fire box is fro- 
quently cro8.sed by Galloway 
tubes, one of which is shown 
in section m the figure. When Boiler 

very great heating surface is 
required, a device known as a Field Tube is used. 
This consists of a tube dosed at one end, running 
into the fire box, with a smaller tube open at both 
ends fixed concen- 


trically inside it. 
Water can thus 
circulate through 
the tube on ac- 
oountof the double 
passage (jtee fig. 
4). —Locomotive 
Boiler: The es- 
sential character- 
istic of the loco- 
motive boiler is 
the presence of a 
large number of 
fiues, which are 
small tubes carry- 
ing the furnace 



Fig. 8.^VER'ncAL 
Boiler. , 



lOG. 4.— 
Field Tube, 


gases from the fire box to a smoke box or receptacle 
communicating with the chimney. A diagrammatic 
section of a locomotive boiler is given in fig. 5. 
Wateb Tube Boilers : In these boilers the fire box 



Flo. 6.— LocoMoTisr Boukr. 


is external to the boiler. The latter consists of a very 
Large number of tul)e.s communicating at their ends 
with vessel's intended to contain a certain amount of, 
tvater and steam. Tiie structure of a water tube 
boiler will be best understood by reference to the 



Fir.. 0 .— Yarrow Water Ti re Boiler. 


diagrams. Fig. 6 shows the Yarrow Water Tube 
1 Boiler, a is a long cylindrical vessel comm uni cat- 
j ingwitb two smaller ones, B, B, by a scries of tubes, 
! c. In ordinary use the water will reach up to the 
I level shown, and the steam will collect in the space 



Fjo. 7.— Barcock Wilcox Wi|TEK*TCBR Boiler. 
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Fig. 8.— Bi:m.kville WAXEii 
Tuuk Boiler. 


above. Fig. 7 is the boiler introdaoed by Baboock 
& Wjlcox. a is the vessel where the steam collects ; 
B, B are the heating tubes ; c is the furnace. The 
tubes can be cleaned out by means of removable 
plugs, shown at D.— The BeLLBViLLB Boilbb con- 
sists of a number of 
steel tubes arranged 
in a vertical zigzag, 
which is spoken of 
as an “element” of 
the boiler. Each ele- 
ment cummimicates 
at. one end with' tlic 
ve.'Scl in which the 
steam collects, and at 
the other end with 
the adjoining element. 

One element is shown 
in elev.alion in fig. 8. 

In many cases an 
“EcoBomiseh” is 
added to the Belle- 
ville boiler. This con- 
• ftists of a number of 
elements similar to 
those of the boiler, 
fixed in the " up 
take” or space ab<^tve 
the boiler, through 
which the fuirnice 
gases escape. The feed water is caused to become 
heated in passing through the economiser on its way 
to the b<uler propu'.— F lash Bon.rcns : These may 
be defined fis small water tube boilers in wliich there 
is no vessel to contain a reserve of water and steam. 
A pump injects a small 
quantity of water into the 
holler at eacli stroke, and 
this waU'r is converteil into 
steam almost instantane- 
ously. The .supply of steam 
to the engine is then con- 
trolled bjbregulatiri'jf the amount of the feed water 
instead of by throttling the steam. One of the best 
known typos is that of M. Sl’Rpollkt. The tubes 
in this boiler are compressed, as shown in fig. 9 ; 
or in some cases they are twisted or curved aft.er 
being compressed, as in fig. 10, 
in order that the amount of 
heating surface compared to 
the volume of water eon- 
t,ained may be as large a.s 
possible. Kerpollet boilei s and 
oti.ers on a similar priucijde 
are used in steam cars on the 
road. As an example we may 
take the case of a four-seated ear of horse pow’cr. 
The boiler contained 9.5 ft. of steel tubing, with 
25 «q. ft. of heating surface, 'fhe whole boiler was * 
only 2 ft. 0 in. long by 1 ft. 0 in. broad, measured 
outside the case. 

Boilers (Motor Cant). These are of the water-tube 
or the flash types: the former suitable for heavy 
vehicles, such as steam lorries ; the' latter for light 
cars, aUo Boilbxs and Motor Cars. 

Boiler Betting (Eng^ The masonry, etc., on which 
a boiler rests and which forms the flues. 

Boiler Smithy (Entf.) A forge where the angle 
irons and other incidental ironwork of a boiler are 
jireparcd. 


€ 


'uiiuiumm 




Seupollet 

Tureb. 



Flo. 10.— slkpollet 

I'CllEB. 


Boiler Btayg (Eng.) Rods strengthening the 
shell. In many forms the tubes themselves serve 
as very efficient ktays. 

Boiler Testing (Eng.) Water is forced in under a 
high pressure, which is measured by suitable ^uges. 
The use of water instead of steam in testing obviates 
the danger of an explosion ; leakage is detected by a 
fall of the pressure gauge, and a tear or burst is' at 
once noticed, but it will not be violent nor dangerous 
to the operators. 

Boiler Tubes (Eng.) 8n‘ Boilers. 

Boiling. (1) In the ordinai-y sense, the production 
of vapour throughout the mass of a heated liquid, 
which occurs, under normal pressures, at a de&ite 
temperature, called the “boiling point”; (2) in 
metallurgy, the purific^ation of tin by immersing 
pieces of damp wood in the molten metal. The gases 
evolved cause the pure metal to collect on the sur- 
face, forming “ refined tin.” 

Boiling Point (UecA), The temperature at which 
cavities or bubbles of vapour form within the mass of 
a liquid. The boiling point is raised by the presence 
of dissolved substances, and also by increasing the 
external pressure, and is lowered by diminishing the 
pressure. 

^o\e \Bind.) A fine kind of clay, containii^ iron 
oxide, used to prepare the eiiges of books for gilding. 

Bolection Moulding (Carp, arid Join.) panel 
moulding (q.v.) projecting above the surface of the 
framing, which it decorates. Used chiefly for ex- 
ternal doors. 

Bollard. A short column fixed in the masonry of 
a quay lor mooring vessels ; also a similar column on 
the docl. or bulwarks of the vessel. 

Bolognian Phosphorus (Chem.) A name given to 
barium sulphide, iTbtained by reducing the sulphate 
by beating it with charcoal. If, after exposure 
to a bright light, it is removed to a dark place, it 
.shows an orange jihosphorescence. 

Bolometer (Efect.) An instrument for detecting 
radiant boat. A zigzag grating of very thin platinum 
foil receives the rays ; the rise in temperature pro- 
duced alters its resistance, and upsets tlie balance of 
a Wheatstone bridge of which it forms one 

arm. It detects, rather than measures, radiation ; 
but within certain limits the deflection of tlie 
galvanometer may be taken as a measure of the 
amount of radiant energy received by the grating. 

Bolsovep Btone. Soe Building Stokes. 

Bolster (Arctiitoct.) The return part- of tlie volute 
of an Ionic capital. See Baluster, Architecture, 
Orders of, and Ionic. 

(Eng.) Tiie part of a ]»unching machine 

wliich supports the metal which is being worked 
upon. 

Bolt (Armsi). An arrow, especially a short, thick 
arrow that was used with the crossbow ; this latter 
wciipon was also termed a “ quarrel.” 

(Bind.) The fold in the sheets at the head 

and foredge (top and front ) of an “ uncut ” book. 

(<Jloth Manufac.^ etc.') .i roll of woven fabric, 

varying in length according to the fabric, being in 
some cases 30 yards, in others 28 ells. 

(Eng,^ etc.) (1 ) A general term for the screw 

with fixed head and loose nut used in fastening up 
metal or wood work ; (2) an appliance for fastening 
a door, consisting of a piece of iron which moves 
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longitudinally through guides on the door, so that it 
can be shot into a socket in the doorpost ; (3) that 
part of a look which springs out and eaters the 
xeceptaole or ** keeper.” 

Boltant, alw Bolting (//er.) Raid of hares and 
rabbits when running. 

Bolting {Met.) Closing up the “tap hole” of a 
cupola furnace with clay in ur4ler that a fresh amount 
of molten metal may accumulate. 

Bolt Haohine {Eng.) A machine for forging the 
blankvS of bolt.s, ready for screwing or cutting the 
thread. 

Bombardon* See Musical Instbumekts— Wind, 
Bbass. 

Bombylios. A small antique vase with a very 
narrow neck. 

Bond {Build.) The method of laying brick.s or 
stones so that the vertical joint below is covered by 
the brick or atone above it. See Dutch, English, 
Flemish Bond, etc. 

Bond Block {BuUd . ) A bond in which a numl>er 
of headers {q.x\) are laid side by side. 

Bonder {Build.) A stone going threequarter.K 
through the thickness of a wall. 

Bond Timber {Carj).) Timber fixed by being 
built in walls ; wall plates, etc. 

Bone (Zool.) The substance forming the skeleton 
of the body ; it is composed of inorganic and <irgaiiic 
mutter in the proportion of 67 parts of the former 
to 33 parts of the liittor. The inorganic matter con- 
sists of calcium phosphate, carbonate and fluoride, 
and magnesium phosphate. The oiganic matter is 
cheifly collagen, which on boiling is converted into 
gelatme. Bone is traversed by a network of canak 
carrying bloods essebs. 'Jlie bones of various animals, 
chiefly tLios© of toe ox, are used in turning and in 
cutlery ; also in the manufacture of charcoal or bone 
black. Bone ash is used in assaying. Bone prepara- 
tions form excellent manures, owing to the i)ho,sphate 
of lime which they contain. See also Waste 
Pboducts. 

Bone Afih. The residue that remain.s when bones 
are strongly heated in air ; a white powder con- 
sisting of calcium phosphate (^) and magnesium 
phosphate, calcium carbonate, calcium oxide and 
calcium, fluoride, the last four substancc.s together 
forming about of the bone ash. 

Bono Bods {Gcol.) A name which is now usually 
restricted to any band of rock which yields an un- 
usually large number of remains of veitebratos, which 
in most cases are tho.se of flsli. One bone bed occurs 
in the Ludlow Bocks, near the t >wn of that, name; 
another occurs in the Lowbb Cabbonifebou.s r<jcks 
of the coast of Fife, south of Kirkcaldy ; a third is 
found in the Bhsetic Beds near Aust, on the Bristol 
Channel. 

Bone Black. The same as animal charcoal 

— (Bahit.) A pigment made fiom carbonised 
bones. It mixes well with water and oil, and is 
quite permanent. The better grades of bone blacks 
are often sold as ivory black {q.v.) 

Bone Oil. When bones, freed from fat, are dis- 
tilled in iron retorts, gases are given o£E, and a 
distillate is obtained which separates into a watery 
part, rich in ammonia and its compounds, and an oU 
oall^ bone oil, having a disagreeable smell and a 
dark brown colour. This oil L« a complex mixture of 
Amines (y.e.), Kitriles I^ywol Cjf.tt.), Pyridine 


and its homologues Quinoline {q.v.\ and 

other less important constituents. See also Waste 
Pboducts. 

Bone Torquois {Min.) Fossil osseous remains 
coloured by phosphate of iron. Also called Odon- 
TOLITE. It is used as a substitute for TUBQUOiS. 

Boning BtaYea or Rodi {Surveying), Used in 
levelling. Staves, usually 3 ft., furnished with 
T-head. 

Bonnet (Eiiy.) (1) The cap or cover of the valve 
box of a pump ; (2) the cover or liood of a forge ; 

(3) the cover plac^ ov^r the engine of a motor <'ar, 
usually pierced with parallel slots to allow the free 
I)lay of air round the engine to^^aid in the cooling ; 

(4) any cfi.se •u* cover in engineering. 

Bookbinding. Before the invention of printing, 
j the manuscript books, which were chiefly of an 
i ecclesiastical clmracter, were bound by the monks. 

I Owing to the great amount of labour invifllved in 
' i)r(Miu<diig these books, they were highly valued, and 
j the binding or cover of a book was frequently ricMy 
j ornamented with gold and silver work — sometimes • 
j oven jewelled. IVmdiiig in this style is known as 
I “ Byzantine.” By the end of the fifteenth cent ary 
' bookbinding had become an art by itself, althougli it 
j was probably in the works!. ops of ti e early printers 
j themselves Uuit biiidiiitr was (’X<'oiited. In addition 
j to royal patrons of the art, the most oelebralerl 
bibUophilc.s or collector.s of bi-oks during the six- 
teenth century were Maidli, CiroUer, and I)e Ihou ; and 
doubtless the books forming their ri,si)eciivc lihniiios 
wore bound i mined in tc ly under tlioir super\ isii^ii. 
TIowbeit, in these and other early iiislanccs, bindings 
arc known by tlm names of their collectors and not by 
, the names of t he actualbinders. Amongst celebrated 
; biiv lei s craploved in the r< y al ser\ ice in f’rance, wberc 
1 the art was so aideutl}" cullivatcd in Iho sixteenth 
century, were Nicolas and Clovis Eve. In the st'ven- 
teenth century the most celebrated artists in tlic 
prr)fos.sion weic Lc Gascon and Du Sneil, the former 
noted ff»r his point ille work — innumerable' minute 
! dot.s in geometrical arrangement. Later come 

Padeloup and Dcrome. Jn England one of the bindt jra 
in the jcign of Henry ''.’If. whose name has been 
handed down is Julinn Rotary, an<l in the following 
reign there \\a.s one .Ji)hu Ih'yncs. Two and a 

half centuries later we come to Roger Pajne, one of 
the best English binders; w! ile hater still Bauragarlen, 
Kaltlioeber, Bo' n, and others have left example.^ of 
work which place them in the first rank. To come 
to present-<iay work, a bo.tk })roperly bound passes 
through twenty-three distinct and different processes, 
but each process n light be again divided and sub- 
divided. The book, when it comes from the printers, 
is first folded, or, if it has been previously bound in 
cloth, it i.s “pulled ” or taken to pieces. Next it is 
•collated — that is, the sheets arranged in proiier ortler 
and a.soertained to 
be pcifect, and the 
plates, if any, pasted 
in Dieir plaoe.s. It 
i.s then rolled or 
pressed, and after- 
wards sewn. In sew- 
ing, each sheet is 
fastened to cords by 
a thread going along 
inside the fold of the 
back, the ends of 
these cords being 
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afterwards'laoed into the boards. Next, folded papers, 
plain or coloured, are placed on the front ond reverse 
side, being edged on with paste. When these are 
dry, the cords are ravelled oat and slightly scraped. 
The book is now put into a laving press between a 
pair of firm millbc^ds, the back standing up about 
2 in. above the cheeks of the press. Three, or 
four books of the same size may be put in at one time. 
The back is then glued over with thin glue, and the 
book taken out of the press and left to dry. It is 
next rounded and backed. For backing it is placed 
in the laying press, be- 
tween a pair of bevelled 
boards, called backing 
boards, the rounded 
back standing up above 
the boards and showing 
a margin of the end 
papers as wide as* the 
thic.kness of the mill- 
boards itbout to be used. 

The press is thenscrewed 
up tightly, and the book 
•is backed by striking 
the back with the ham- 
mer, gently at first, commencing in the middle and 
beating the back down to the tievelled boards, first 
on one side, then on the other, the back being 
finally modelled into a good shape. The next pro- 
cess is to cut the boarfls. Having been roughly 
cut with the large shears, somewhat near the size 
of the book, they are squared with tlie plough 
just a little larger than it is intended to cut the 
book — the standing rule in good work being to leave 
every book a.s large as possible. When the boards 
are cut to size, they are pla(jed one on each side of 
the bq^)k, and a mark is ma<le where the cords come. 
Then holes are f)ieroed through these marks, the 
Imrd is tuiTied over, and other holes pierced about a 
quarter of an inch away from tlie first lioles. The 
ravelled out cords or slips are then pasted and 
twisted to a point with the finger and thumb, so that 
they can iasily be passed through the holes—in at 
the first hole and out at the second. They are then 
drawn tight and the surplus ends cut oif. The next 
step is to rivet the cord by hammering it smooth on 
the knockiiig-tloAvn iron — an iron casting with an even 
surface made to lit in the laying press. The book, 
after being rounded up and put into good shape, is 
put into the standing press, screwed up as tightly as 
possible, and generally left in till the next day. 
Before it is taken out of the press the back is pasted 
over with thin ^laste and rubbed smooth, then wipc*d 
dry with a handful of jja})Cr shavings. Some perform 
this operation as soon as the book is put into the 
press ; but when the pressure is removed from the 
mass of paper forming the book, it naturally rises 
somewhat, in consequence of being dry, and frequently 
the back cracks, where:is if the back be moist when 
the pressure is taken off, the expanding mass of paper 
conforms to tlie new conditions upon being taken 
out of the press, without any danger of cracjking. 
The bt)Ok is next cut. First, the top edge, ca,lled the 
bead; next, the bottom edge, called the tail; and 
laatly, t)ac front edge, called the foredge. The 
cutting is done by lowering the front board as far 
down from the head as it is intended to out, placing 
a thin piece of millboard between the back board 
and the book. Then it is lowered into the laying 
press uulil the top of the front board is even with 
the check of the press, which is then screwed up 
tightly, and the book is cut by working the plough 
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backwards and forwards, tiie operator closing it as 
he pushes it away and opening it os he draws it 
towards him. The same operation is repeated in 
cutting the taiL In cutting the foredge, two 
trindles — fiat pieces of 
steel or wood about an 
eighth of an inch thick 
* — are placed between 
the back and the boards. 

The book is then lifted 
up between both hands, 
and brought down with 
some force upon the 
cheek of the laying 
press; the back, strik- 
ing the press, becomes 
flat, the trindles keep- 
ing it in this position. 

A cutting board is then 
placed on each side, 
that on the front side 



SECTION OF Book aw Psbb8>> 
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being even with the line to be cut through, and 
that on the back raised a little above. T^i^e posi- 
tion for placing the cutting boards is regulated by 
drawing a ^jne with a sharp point or pencil on the 
end papers along tlie front edge of the boards on 
each side, and the book is cut as much below this 


line as it is desirable to have the boards pro- 
jecting beyond. It is then lowered in the press, 
after taking out the trindles, bringing the front 
cutting board even with the cheek of the press, and 
cut with the idough in the same manner as the head 
and tail. When taken out of the press, the back 
resumes its round shape again, and the foredge will 
be the reverse of the back. The next process is to 
decorate ihc edges. They may be sprinkled red, 
brown, or blue, or coloured red or yellow, or indeed 
any colour; or they may be marbled or gilded. 
Next, the book is headlianded. A very narrow strip 
of stiffened vellum or glued cord is fastened to the 
back of top and bottom eilges by moans of silk or 
cotton of various colours being twisted round the 
same and fastened to the back at short intervals. 
Then the back is lined with brown jiaper and thin 
strips of leather glued on to form bands, or it is 
simply glued over, and is now ready for covering. 
This is j^vhaps the most critical opf;ration in book- 
binding. The leather having been cut to the size, the 
edges are part'd with a sharp knife just where they 
will be turned in by the headband — not all round. 
The cover is now pasted smoothly all over, and allowed 
to soak for a sln^rt time while the boards are being 
placed in position, etc. It is then placed upon the 
workboaril, pasted side uppermost, and the front 
side of the book laid upon it, care being taken that an 
even margin of leather is left round the three edges. 
Then the other end of the co\er is lifted up and 
drawn over the back edge, being smoot hed out care- 
fully with both liauds. The board is now lifted agd 
the margin of leather on the foredge is turned over 
on to the inside of the board with the forefingers and 
thumbs of both hands. The book is tlien turned over 
and the oi)eration repeated on the other side. Next, 
the book is held in the left baud and the boards 
allowed to fall open on the wc^rkboard, and, being 
brought to the c^e of this, the margin , of leather, 
head and tail, is also turned over on to the inside of 
the boards with the finger and thumb of the right 
hand, beginning at the headband, in which place it 
is turned over on to itself ; and to accomplish this it 
is necessary to raise the book somewhat away from 
the boards. The edges of the boards are then made 
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smooth and sharp with the folding stick. There will 
then be some surplus leather at the comers. To get 
rid of this it is pinched together with the finger and 
thumb, or both thumbs, and then cut through with 
the shears and smoothed down with the folding stick, 
one edge lapping slightly over the other. When dry — 
generally the next day — these two layers of leather 
are cut through with a sharp knife at an angle of 
45, the surplus pieces taken away, and the two sharp 
edges pasted and carefully joined. The next process 
is to trim the inside margin of leather round the 
three edges of the boards, and fill in the centre space 
with thick paper, making it level ivith the rim of 
leather. Tlie end papers are then pasted down to 
the boards, care being taken to leave an even margin of 
leather round the three sides ; and the book is bound. 
Then follows the decoration, or, as it is called, the 
finishing, the only neceanary part of which is the 
lettering. The finisher’s first process is marking up. 
He makes certain marks upon the leather to guide 
where lines or tools are to be impressed. Then the 
leather is carefully washed over with vinegar if it be 
morocco, or paste water if it be calf ; and when dry, 
a coating of albumen is laid on wherever 11 te gold is 
to appear. If the back is to be “ full gilt,” then the 
albumen is sometimes put on with a sponge— always, 
in the case of calf ; if only lines eac.h side of bands, 
then the albumen (glac^) is put on with a camelliair 
pencil. When dry, the gold is cut on the gold 
cushion to the size required, and the part to be 
finished is well greased with oil, laril. or vaseline, 
according to the leather. Tlien tlie gold is taken off 
the cushion with a pad of cotton w'ool, w^hich has 
been previously dabbed on the hair to cause the gold 
to adhere temporarily to the pad, and then placed 
on the part about to be finished, and well dabbed 
down with tlie pad. The book is now put into the 
finishing press, the back standing out a little above 
the cheeks. The lines and flower or scroll tools, 
having been heated at the stove or ga.s pan, are now'^ 
impressed on the back over the gold. Afterwards 
the surplus gold i.s wiped off. The >)Ook in now 
lettered. The panel or part where the lettering is to 
appear having l^en glaired and greased, the gold leaf 
is taken up with the pad as before, and laid all over it. 
Then, the lx>ok being in the prtvss with tlie back 
standing a little way out, the head away from the 
workman, a fine tliread is drawn across the gihled 
panel. This makes a fine dark line upon the gold. 
As many lines are drawn as there are lines of letter- 
ing. The letters, having been heated at the stove, 
are impressed on the leather singly, the top of the 
letter being placed just under the line, fireat care 
is ^necessary to ensure an equal pressure upon each 
letter. The lettering may be done with type. In 
this case a line of lettering is completed in one 
impression. The surplus gold is wi{^ off with the 
gold rag, and the surface cleaned with indiarubber. 
The sides of the book may be quite plain or finished 
elaborately. In the latter case it is usual to impress 
with all the tools before washing up for glairing, 
and glair with a camelhair pencil over the impres- 
sions. The gold is then laid on with grease, and 
the took* impressed through the gold — surplus gold 
wiped off as before. The whole is then polished with 
a moderately warm polishing iron. The book is theri 
placed in the press Iwtween japanned jdatesor bright 
smooth tins, and left in, if convenient, till the next 
day. Ordinary cloth bindings, in which books are 
issued by the publisher, are much simpler than the 
above. In these the book is sewn by hand or 
mac hine, glued up and rounded and generally backed. 


but not always or necessarily. It is then pasted into 
a case which has been made quite separately, and in 
which it is simply held by the end papers and a thin 
strip of cotton called mull. — R. Db C. 

Boom (i%., etc.) Any long beam, especially the 
long, solid parts of a built-up girder. 

Booster {Elect, Eng.) A subsidiary dynamo, nsed 
to keep the voltage at some part of the circuit 
remote from the principal dynamo, up to some 
constant value. The purpose of employing a booster 
is to obtain independent control of the voltage at 
some point or points of the circuit without alteration 
of the voltage of the viain dynamo. The booster is 
often so adjusted as to automatically maintain 
constant voltage at some distant point A>f the circuit ; 
often also to provide varying voltage, as for storage 
battery work. 

Boot Boiler {Build.') A boileu 
fitted in a range. It is shaped 
like a boot, with the top part at 
the back of tbe fire. 

L Boracic Acid {Min.) Nati\e 
p borat'ic acid occurs as a scal\ 

, crystalline depo.sit around fuma- 
I roles, marking the subsidence of 
volcanic activity in a district. 

The crystals are minute, of (lie 
triclinic system, and give a 
peculiar unctuous impression lioiLKii. 

when rubbed between the 
fingers. From Lipari, Tuscany, Sienna, Atacama, 
etc. Conqwsition : B(0H)3. J^e also Bobon (Jom- 
PorNDS ( Clu ' m .) 

Boraoite (Min.) A borate and chloride of mag- 
nesium, ^ . HBjjOg (boracic add = 52 (5, 

magnesia = 20*8, magnesium chloride .■=? l(t‘0 per 
cent.) It occiir.s in cubic crystals of considerable 
hardness embedded in Anhydbite, in Hanover ; it 
also occurs massive (q.v.) in the salt mines of 
fc)ta.ssfurt. 

Borates (Chem.) Salts ot boric acid 

Borax (Mm.) Sodium biborate, lOH./) ; 

boracic acid, 36*6 ; .®v)da, 16*2 ; water, 47*2 per cent. 
It crystallises in prisms of the monosym metric 
system ; it is largely used as a fiux (^.v.) and in the 
manufacture of glass and of artificial gems. It occurs 
chiefly in Thibet (whence it is exported as Tincal), 
IVr.sia, Tuscany, Peru, and various parts of North 
Amciica. Scralso Bobon Compounds. 

Bordering Wax (Engrav.) A composition employed 
to make a raised border or rim round a plate of metal 
so as to retain the acid used for biting in during the 
process of etching. 

Bordure (Her.) A band which entirely surrounds 
the .sliieM, and is one-fifth of the field in width : the 
mark of difference of a younger son, 

Compony or Gobony (Her.) Is composed of 

a metal and colour alternately. 

Bore (Eng.) The internal cavity of a pipe or 
hollow cylinder. 

(Marim‘). Any very marked and sudden rush 

of the tide up an inlet. 

Boring (Eng.) Making, or finishing, a circular 
hole or “ bore.” 

{Mining y etc.) A small hole, made by a drill 

of some form, to ascertain the nature of rocks below 
the surface, or for introducing a blasting charge. 
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Boring Bar iJSng.) A long rotating bar carrying 
a boring head” or holder for the tool used in boring 
circular holes. In some cases the head can ** traverse ” 
or move along the bar; in others, the head is fixed to 
the bar, and the work has a slow longitudinal motion 
to produce the “^feed,” 

Boring Hnohine Any machine for boring 

or for driving a boring bar. A self-acting lathe 
can be utilised as a boring machine by mounting and 
rotating the boring bar between the centres, and 
bolting tlie work to the saddle of the slide rest. 

Boring Tool A tool resembling a turning 

tool mounted on a boring licad and bar ; sometimes 
applied to some form of drill tor wood or metal. See 
Boring Bab, Drill. 

Borneo Camphor. See Camphor. 

Bomlte (.il/iw.) A synonym for Krubescite ig.r.) 

Boron, B. Atomic weight, 11. This 

element ais not found native, but occurs in various 
combinations in tlie mint^rals boracic add, borax, 
boracite (q.v.), uloxite (NaC-iB^Oj, . 8H./)), priceite 
£5CaO . 6I\,Oj . 9ll„0), pandermitc, datliolite, etc. It is . 
alight maroini-c* Inured powder; burns at a high 
temperature in air, forming boron oxide (B^O,) and 
boron nil ride (BN); latter compound also formed 
when it burns in nitrogen, which it docs at a high 
temperature. It. is a very powerful reducing agent, 
reducing metallic oxide.s when lujated w'ith them 
more readily tlmn carbon. It is obtained by lieating 
the oxide with magnesium powder at a high 
temperature and treating the product in succession 
with water, h}dro<!iloric acid, w’atcr, alcoholic 
potash, water, hydrofluoric acid, water; once more 
heating with a little oxide and again treated avS 
above. Said to liave been obtained crystallised, but 
crystals probably impure. It is a non-metallic 
element belonging to the aluminium group in the 
periodic system. 

Boron CompoundB. Boron Hy])Ride, BU,, a gas, 
not known ])ure ; burns with gieen flame, and ob- 
tained wiiyi alloA of horonand magnesium is treated 
with hydrochloric acid. Boron Nitride, BN, an 
infusible white powder obtained as under boron and 
also by lieating anhydrous borax with ammonium 
chloride. It is decomposed by steam, gi\ing am- 
monia and boric ficid ; according to some this is the 
source of the boric acid of the hot s[iriugs from 
which the acid is obtained. Boron O.xide, B.^0„ a 
white hygroscopic solid obtained by lieating *l>oric 
acid. Heated with salts of metals, the acid of the 
salt is expelled and tlu*. oxide dissolves in the boric 
oxide, often giving a characteristic colour ; hence the 
use of Viorax in testing by the “ borax bead.”’ Boric 
Acid, H^BO^, crystallises in plates ; is soluble in 
w’ater. On careful heating gives first nieta boric* 
acid, HBOj, and then pyroboric acid, 11,11,0.. It i.s 
one tne weakest acMs ; it turns turmeric jiaper 
brown. It gives a green fiamc in the Bunsen burner. 
A solution in glycerine, called boro-glyccride, is used 
in medicine a-s an antiseptic. Boric acid is an anti- 
septic, and is much used as a food prcscrvaiiw. It 
is obtained by condensing the jets of steam (soflioni) 
of volcanic origin, which arise from the ground in 
jiarts of Toscany. The , steam contains tmees of 
boric acid. The con<iensed st.cam is evaixnated by 
the natural heat of the gnffioni. It may also be 
obtained by acidifying a strong solution of borax 
with hydrochloric acid. Borax, NaJl/lylOH^C), a 
white cr>stalline solid soluble in water. Solution is 
alkaline. Readily decomposed by acids. It is an 


antiseptic. Extensively used as a preservative and 
in making glazes of many kinds. It is a derivative 
of pyroboric acid. 

Bort (AfinJ) A black massive variety of diamond. 
A native form of carbon. It is useless for jewellery, 
but is very extensively used in the cutting and 
polishing of gems and in rock boring, the boring 
tools being armed with fragments of it. From 
South Africa, India, Brazil, etc. 

Bosh {Forgirig, eteJ) A trough in which “bloomary ” 
tools are cooled. The same name is used for the 
trough in which hot ingots of copper are cooled. 

BoBheB {Met.) See Furnaces. 

B o B B (^ Architect .') 

An ornament, usually 
carved, formed at the 
intersection of the ribs 
of either a vaulted or 
a flat ceiling. The 
same name is also 
given to the ornament 
which frequently ter- 
minates a dripstone. 

See Bib A^b Panel 
V AULT and Hood 
Mould. 

A (Deoobated). 

metal ornament fastened on the covers of books 
either for decorative purposes or to preserve them. 
In early times the *‘umbo,’* a round knob, occupied 
the centre of the cover. 

{Fug.) (1) The central part of a wheel, etc. 

(2) A projection intended to carry a shaft, pro* 
jecting pin, or other added part of a machine. 

(Oastitting), A brass ferrule with an 

internal thread to screw a gas tap into. 

BobbIh^ (^Plumh.) To Work sheet lead into trays, 
gutters, and cesspools out of one pioce of lead by 
turning up the sides, ends, etc., without cutting, 
soldering, or burning. 

Bossing Mallets. Round tapered mallets for 
“ bossing up " sheet lead or hammering it into any 
required shape. 

Bossing Up Forming a raised part on sheet 

or .sollii metal by hammering or forging. 

Bottcher, aUo Bbttger Ware {Pot,') A bard w are 
like red jasper, manufactured at Meis- 
sen, »Saxony, polished by the lapidary’s 
wheel, and called after the manufac- 
turer, Johann Frederick Bottger (1682 
— 17iy), who also discovered the 
method of making true liard porcelain 
in imiiation of the Chinese. 

Bottega. Italian word equivalent Bottcueb Wake 
to “ shop applied to the, place where Maek. 
Italian artists used to paint their pictures and in- 
struct their pupils. 

Botterolly Chape or Crampelle The 

piece of iron protecting the point of a sword or 
dagger sheath. 

Bottle Glass (Of ass Manv/jtc.) This is manu- 
fai*turc‘d frmn a mixture of the silicates of alu- 
minium, calcium, and sodium which are readily 
fusible ; but tlic glass is deficient in purity and 
lustre. 

Bottle Jack {F7ig,) A light screwjack (q,v,) 
wliose external form resembles that of a bottle. . 
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Bottle Hose Drip {PVumh.) A lirip or step in 
roof work, formed with a rounded edge/ 

Bottle Hoied Stq^ {Build,) A step with a rc&nded 
edge and end. 

BottUng Up (Bnff,) The collection of steam in 
tubes or pipes when it is being produced too fast to 
escape to l£e steam chest or spaces above the water 
level of a boiler. 

Bottom Bars {Lace ManufacJ) A series of steel 
bars that work in a lower position than the ordinary 
or “top bars.’** They are used to meagre the 
capacity of the machine in the production of 
“ tiesign/* 

Bottom Board {Mould.) A board used to hoM 
up the lower part of a mould while sand is being 
rammed in round the pattern. 

Bottom Bracket ( i'yoUt). See CycLE& 

Bottom Card {^ng.) An indicator diagram {q.v.) 
taken from the lower end of a cylinder. 

Bottom Face {Mould.) The part of a mould or 
casting which is at the bottom during the operation 
of casting. The bottom face is always the soundest 
part of a casting. ^ 

Bottoming {Btig.) The rubbing of the points of 
one gear wheel into the bottom of the spaces between 
the teeth of the other wheel ; prevented by allowing 
sufficient bottom clearance. 

Bottoming Tap {Eng.) A tap {q.v.) with the 
thread carried right to the end, in order to cut a 
thread right to the bottom of a hole. 

Bottom Ball {Carp, and Join.) The lowest rail 
of a piece of framing, door, sash, gate, etc. 

Bottoms {Met.) Tlic residual alloy containing 
various impurities when tine metal {q.v.) has been 
roasted in the manufacture of copper. 

Bottony, also Botone {Her.) Sev Onoss Trefflep. 

Boulder Clay {Geol.) Properly applied to tlie 
clay which was formed by the direct action of ice 
during the Age of Snow, and which contains a 
hetero;:eiieonB mixture of stones which have lx;cn 
derived from many sources and are quite unsorted 
in regard to size. Many of the atones or boulders 
show the strise characteristic of glacial action. 
Most boulder clay is now regarded Jia having been 
formed englacially — i.e. as representing material 
which was formerly dispersed throughout the lower 
p^t of the ice, and has been melted out of it as a 
kind of sediment. 

Bonlders {Gcol.) A term somewhat loosely 
applied to any large blocks of stone which have 
found their way to some distance from the parent 
rock. Those which have been detached by 
weathering and have travelled downhill under the 
influence of gravitation are often usefully distin- 
guished as TuMBLBiiH; and the term Boulder 
is applied by the best authorities only to stones 
whose transportal has been effected by the agency 
of ice, more especially during the Age of Bnow or 
the Glacial Period. 

BonleYftFd* Originally meant the bulwark or 
rampart of a £ortifl.ed town ; now use<l of an avenue 
or walk encircling a town. 

^Bourdon’i Gauge {Eng.) The instrument for 
measuring steam pressure. It consists of a lengtii 
of tube of oval section dosed at one end and bent 
into a curve. On steam being admitted, the tube 
tends to straighten itself, and the amount of move- 


ment, which shown by means of a pointer and a 
dial, indicates the pressure of the steam; * 

Bourgeois one size smalter than 

long primer and one size larger than brevier. , 

Bournemouth Beds {Geol.) Middle Booexie strata 
of niai'ine origin, typically developed near the town 
of that name on the South Coast of Bngland. Ttiey 
have yielded an important suite of fossil plants. 

Bournonite {Min.) A sulphide of copjier, lead 
and antimony, 3(PbCu2)S. SbjjS,; copper*- 12 —16, 
antimony =24— 29, load *4(9— 43, sulphur = 18—20 
percent. Also called IJrNDELLiONiTB, WHEEL Orb, or 
Kadblebz. The latter niune is from the spokelike 
arrangement of the twinned rhombic crystals. Some- 
times massive. , Cornwall, Saxony, Harz, Chili, 
Bolivia, etc. 

Bovey Tra.cey Beds (Geol,) Beds of limitc, 
occurring in Devonshire, which have yielded an 
extensive suite of vegetable remains, the* general 
fades of wliioh indicfites that they are of late 
01igt)ccne or early Miocene age. 

Bow (Arms). The bow has been used as a weapon 
of w'ar and for purposcjs of sport as far back as there 
is any record, tl.ough naturally it varied greatly in 
shape?. Among 
ancient nations the " 

Assyrians, Egyp- 
tians, Parthians, 

Scythians, P e r - 
sians, Thracians, 
and Cretans were 
most addicted to 
this weapon. In 

the Roman army 
the bow did not 
form part of tl)e 

equipment (>f the 

regular legionaries. 

It was in tl)e hands 
of the English 
arcliers, liowever, 

dijring the period 

extending from 
Edward III. to 

Henry V. that tl:o J Engusii Bow. 2. BoYrxiA?® Bow. 

bow reached its Bow*, 

greatest perfection as a weapon of warfare, the 
deadly “cloth-yard” shaft doing terrible execution 
in the battles in whudi the English participated. 
Archers formed part of the English army long after 
the use of gunpowder was introduced — that is to say, 
down to the time of .lames I, ; and Charles I. 
attempted to revive archery for purposes of warfare. 
At the present day the Persians, Tartars, Chinese, 
the Bushratm of South Africa, the South Sea Islanders, 
and the South American Indians are amongst those 
who use the bow either for sport or warfare. 

Bow Chiuat The Bow China Works were csta- 
blislicd about the year 1743 at Stratford-le-Bow, 
near London, under the management of Thomas Frye, 
a well known mezzotint <‘ngraver. The factory and 
business were sold to Mr. Dueshury, of Derby, in 1776. 
Bow China is inter(*ting, but it never attained the 
high standard of beauty and excellence achieved by 
Worcester, Chelsea, or Derby. A special feature of 
Bow China is its sob and creamy gUtze. Bow flgures, 
of wliich a large quantity were produced, are quaint 
in style, and the colouring is frequently clear and 
brilliant. For Pottery Marks, eeo mder POTTERY. 
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BowCom^MiM. BmaUdraughtsman^acompaiiaes, 
in which ^be legs are oonneoted by a stiff bi^ 
flexible band of steel instead of a^funge. The angle 
to which the <JompasBe8 jure opened is controlled 07 
a screwt ' Also termed npBiKG Bows and Bpbinci^ 
COHPaBSBB. 

Bov Drill CSngJ) A light drill rotated by a 
string which is wound round a bobbin on the drill 
shaft, the ends of the string^eing attached to a bent 
bow of wood or steel. . ™ 

Boved iHer.) Bent IjAe a bow : embowed. 

Bovlintf Iron {MeLY produced by the 

Bowling Company, Y’orkshire p resembles Lowmoor 
iron in quality. 

Bows. See Bow Compasses. 

Bov Sav. A narrow saw fixed to a wooden frame, 
in which a twisted cord keeps the saw in tension. 
Used for cutting curves, 

Bov’s Notation or Henrioi’s Notation {Eng.) A 
method of denoting forces in graphical calculations : 
specially useful in dealing with reciprocal figpires. 
Set Ceapihc Statics. 

BovstriAg Girder {Eng.) A built-up girder with 
‘one straight boom, to tlie ends of which a curved 
boom is attached, the two thus forming an and 
its cliord ; the space between tiie straight and curved | 
parts is crossed by latticework to increase the strength ' 
of the structure. A good example exists in the girders 
by which the cantilevers are cbnnectod togetlier in 
the Forth Bridge. 

Bovtell {A whitest*) A round moulding used in 
Gothic architecture. The old English term was 
“boll ell," and the moulding W'as probably so called 
because ^of its resemblance to a bolt. S<*e Boll 
Moulding, Scroll Moulding, awf Keel Mould- 
ing. 

Box Cdklt (Leather Many fa c.) Calf skins tanned 
by means of chrome salts, called “ box " by reason of 
square markings on t)ie grain: produced by rolling 
the skin, when iti a damp state, from tail to nose 
and then from flank to flank. 

Box Coupling (A'wj 7.) A hollow cylindrical coupling 
or joint fitting over the ends of two pieces of shafting 
and connecting them so that they rotate together. 

Box End {Eng.) The end of a connecting rod 
which is forged solid, a slot being made to receive 
the brasses, instead of their being attached by a 
strap keyed on. 

Box. Girder {Eng*) A hollow girder, built up of 
four strips of iron whioli form a cavity of rectangular 
section. 

Box Gutter {Build.) A gutter with vertical sides, 
parallel in width the whole of its length. 

Box In {Tgpoq.) A term indicating that rules 
should be pl^d round as a border. 

Boxing Shutters {Carp*, etc*) Window shutters 
that fold back into boxes. 

Boxing Up (pattern Making). Building up large 
patterns fropi boards insteofl of cutting them from 
the solid wood. 

Box Metal {Eng.) Alloys used fo{ bearings, in- 
cluding brass, gunmetal, white metal, etc. 

Box: Nut {Eng.) A nut with a cover which 
protects the end of the bolt from injury, rusting, 
etc., in exposed situations, thus pre'i enting jamming 
of the nut cn the end of the bolt. 


Box of'Tri^ {Cotton Spinning)* 

MoTiO|r. 

Box'^anaer (Eng.) A spanner for tnrniiig niita 
which lie in a cavity sunk below the general surface 
of the metal. 

Box Stones of East Anglia {Geol.) Boptaxian 
nodules which contain water in cavities in the in- 
terior. The cavities are due to partial sOlntion of the 
original material. 

Boxvood. See Woods. 

Boxvood for Engraxing* Small narrow blocks 
of the wood are used; for large eng^vings the 
blocks are fastened together by size and screws. 
In the case of woodents intended for illustrated 
papers, and where expedition is necessary, the 
blocks can be separated and distributed to different 
engravers. 

Boyle’s Lav (Mariott’s Lav). The volume of a 

gas is inversely proportional to the pressure if the 
temperature remain constant. This law is true only 
for a Febfect Gas but it is approximately 

obeyed by all gases when not too near their point of 
condensation. 

Boyle’s Vfiixe {Ventilation). This valve is de- 
signed to* act as an outlet for the vitiated air of 
rooms. It is an iron box arrangement provided with 
valves, which are suspended on rods. The ventilator 
is fixed in the chimney. Back draught is prevented 
by the automatic closing of the v^ves when the 
pressure is greater in the chimney than in the room. 

Brace {Eng,^ etc.) A rod or bar connecting two 
points in a structure for the purpose of strengthening 
or stiffening it. It is always in tension; a similar 
rod in compression is termed a strut. 

(Toole). A cranked tool used for holding and 

rotating a drill or bit. 

The sign used chiefly for 

connecting words, lines, or staves of music. 

Bracelet ( f 'Oet.) A band worn upon the wrist nr 
arm, sometimes plain, but more often enriched 
tbe graver and by the addition of precious stones. 
Bracelets were amongst the earliest of personal orna- 
ments, and although now worn almost exclusively by 
women, they were in earlier times worn by both sexes 
of the Iwjtter (dass, and were very common amongst 
the earlier inhabitants of Britain. 

Braohydiagonal {Min.) The shorter of the two 
horizontal axes in the Orthorhombic system {g.v.} 
It is designated by the letter a, and is nsually 
regarded as extending from front to back when 
the crystal is correctly oriented. 

Brachydome {Min.) Tbe face of a prisoj of the 
Orthorhombic system which has its axis coincident 
with the braohydiagonal (g.r.) 

Braohypinacoid (Min.) A face normal to the 
macropinacoid. 

Bracket {Eng., Build., etc.) A term of very wide 
use, applied to portions of structures used for stiffen- 
ing or supporting some other part. 

(Carp, and Join.) In staircase woxk the 

curved pieces planted {i.c. fixe<i) on the oqtside of a 
cut string ; also a term of very ^ueral ap^icatloBin 
woodwork. ^ 

, Lamp {Cgcles and Care). A projection* 

either fixed or moveable, to carry a lamp, the latter 
having a socket which fits the projeedng part of the 
bracket. 
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Bvaeklesham Beds ( Marine beds of Middle 

Bocene age, typically develoiMBd db the coast of Sussex* 

Bfaei (Brrtany), A leaf in whose axil (angle) a 
dower arises, The term is, however, loosely nsed. 
and may be applied to any specialised leaf in the 
vicinity of the flower, 

BvadawL A tool for making holes for brads or 
small nails. 

Bradford Clay (,GeoL) One of the subdivisions 
of the Oolites, well known on account of the excel- 
lently preserved fossils it yields in the typical 
locality. It forms the lowest member of the Middle 
Oolites, and it underlies the Coralline Oolite or the 
local equivalent of that rock. 

Brake iEng,^ etc.) Mechanism for controlling or 
slowing down any machine. It usually acts on a 
wheel. A block cut to fit the circumference is 
forced into close contact by levers or screws, or a 
flexible band is pulled into close contact with the rim 
of the wheel (band brake). See aUo Cycles, Motobs, 
Wbstinqhousb Bbake, Pneumatic Bbake, etc, 

(Plumb. ) The angles of the projection of a 

wall in a gutter around which the Ifad is bossed 
when a lead gutter is formed. 

Brake Drum (Eng.) The cylindrical portion on 
which the bnike block or brake band acts. 

Brake for Measuring Power. 8t‘e Dynamo- 
METEBS, Mechanical. 

Brake^ Friction (Meelianicit). See Dynamo- 
1CETEBS, Mechanical. 

Brake Horse Power, B.H.P. (Eng.) The power 
{g.v.) do\eloj;Hjd by an engine or inotor^ which is 
absorbed by a brake dynamometer; distinguished 
from the indicated horse power [q.v.) as being the 
amount of power which the engine can put out for 
useful purposes. 

Brake Shoe (Eng.) A brake block ; the portion 
which comes into actual contact with the wheel on 
which the brake is acting. 

Bramah*s Press (Eng.) Sre Hydbaulig Pbess. 

Bramley Stone. See Building Stones. 

Branch Drains (SanitatUm). These are tribu- 
taries conveying the sewage, slop, and wiiste waters 
to the main or common drain. A manhole should be 
constructed where the branches join with the main 
drain. ^ As much care is necessary in the laying 
and jointing of branches as in the case of the main 
drains. 

Brandering (Carp, and Plast.) Pieces of wood 
about i in. square fixed to laige timbers that have 
to be plastered. On these pieces of wood the laths 
which carry the plaster are nailed. 

Brands. (1) Marks used to distinguish the quali- 
ties of viuious materials ; they are very numerou.s, 
and must be sought in the directories to' the various 
specific trades to which they refer. (2) Iron letters 
used for impressing marks on wood by heating and 
pressing on the wood. 

Brandy. A spirit made by distilling wine. It 
^fitains \bout 4H per cent, of alcohol by volume, 
and small quantities of higher alcohols and' the ethyl 
^esters (eee Estbbb) of propionic, butyric, venanthylic, 
snd valeriaidc acids. The colouring matter is 
ta^in (pale bwdy) or caramel (brown brandy). 
Inferior }>iaDdi Ss are not made from wine, but are 


manufactured from recipes of various kinds. In 
France the finest brandy is known as “ cognao 
inferior kftJrds as ** eau-de-vie." Under the Pood and 
Dru^ Act, 1879, it is a good defence to prove that the 
admixture of water has not reduced the spirit more 
than 25 degrees under proof. This corresponds to 
about 43 per cent, by volume of absolute alcohol 
The addition of water and burnt sugu (for 
colouring) is the general method of adultmring 
brandy. 

Branly*B Coherer (Meet.) See W&elesb Telb- 

GBAPHY. 

Brasqne (Met.) f\ carbonaceous mixture con- 
taining coal-dust, tar, etc., used for lining certain 
furnaces. 

Brats. An alloy of from 63 to 72 parts of copper 
with 27 to 34 parts of zinc. It is of a yellow colour, 
hard, but so ductile that it can be drawn out into fine 
wire, though, when intended for converting into 
wire, it is often alloyed with small quantities of tin 
and lead. The manufacture of brass was only 
introduced into England in 1639, when works 
were established at Esher in Surrey. Brass is 
both tougher and more fusible than copper, and 
does not tarnish so quickly. The best brass i.s made 
by cementation of calamine or oxide of zinc with 
granulated copper. The name “ brass ” sometimes in- 
cludes Gunmetal (j.r.) Brass is used for many 
parts of machinery— where small and somewhat 
intricate castings are required, or a certain degree of 
finish for the sake of appearance, or esi‘>ecially as 
l>earings for moving parts of ^ron or steel, such as 
shafts (see Brasses). In the construction of electrical 
apparatus and all kinds of physical in.struments, brass 
j plays a very prominent part, and it is used even on 
I very large electrical machinery, as distkiguished 
I from electrical apparatus, when a non-magnetic metal 
I is required, as in the case of a “ spider " — the structure 
! which connects the core discs with the shaft of an 
I armature, 

I Bpattard, Brastart (.rlrwo^r). The ^nnour which 
I protected the arm, made of metal or leather (cuir 
! homlli). 

Bratt Bobbint (Lace Manvfac.) Thin discs of 
brass tliat collectively contain one entire system of 
threads. 

Brattet (Eng.) The blocks which form the actual 
bearing surface for a shaft ; they are castings fitted 
into the '*plummer block,” and are accurately bored 
to fit the shaft. ^ 

{^Lace Mamufac,) Thin strips of brass, slightly 

attenuated or thinned down in the centre, which, when 
placetl together, form slcys or guides that facilitate 
the working of the steel bars, appliances used in 
warping. 

Brattet, Monumental. From earliest times and 
in all parts of the world it has been the custom of 
nations to erect some external sign which should 
point out the resting-place of their dead; these 
memorials necessarily assumed various forms. Upon 
some of tliem huge sums of money have been 
lavished, taxing to the utmost the skill of the 
sculptor, the architect, and the artist ; in other cases 
a simple mound marks the burying place. The 
ancient Egyptians embalmed their dea^ and thus 
preserved the very bodies of their friends and 
relatives. In other countries there was still the 
same strong desire ; but instead of tiying to preserve 
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the dea4 body, a more or less exact representation 
of the deceased was made in different ways, and 
these may be conveniently divided into ttiiroe classes : 
(1) Bcnlptured effigies; (2) representations engraven 
or incis^ on flat plates of brass or slabs of stone ; 
(3) effigies painted on the flat (including glass 
. windows). Though these three classes differ so 
muc^in the material used and in the manner of 
utiliAng it, yet they one and all have the same 
general design — viz. that of preserving not only the 
mamory, also the likeness and actual ap- 

pearance of^he deceased. The first of the classes 
was the most cx})en.sive, and consequently confined 
to persons of rank and wealth. Barely do we find 
priests below the rank of abbot commemorated 
thus, and rarely the ordinary civilian, especially 
after the introducti(»n of monumental brasses. A 
monumental brass, also termed “sepulchral brass,’* 
and often simply ** brass,” consists of a flat plate or 
plates of brass, originally of the mixed metal called 
latten, inlaid on large slabs of stone and repre- 
senting in their outline, or by lines en^aven on 
them, the figure of the deceased. Jn some instances, 
place of the effigy, a cross was used, and neither 
name nor escutcheon, nor vers<) nor encomium is to 
be found. Tiiese memorials were sometimes placed 
on altar tombs, but more commonly they are to be 
found on the slabs which form part of the pavement 
of a church ; and it is not improbable that this 
is another reason why these memorials were so 
generally adopted, because tlje area of the church, 
and especially that of the choir, was not thereby 
encumbered, as would be the case if sculptured 
effigies had been used. Those brasses %’ary greatly 
as regards both size and cost. In Durham 
Cathedral lies the matrix of a brass to Bishop 
Beaumont (13I5H), which measures 16 ft. by 9 ft.; 
whilst at Clieam, Surrey, the effigy of John Yerde 
(1449) is only 6| in, high. Originally these plates 
were made in and imported from Germany an<l the 
Low Countries, Jn the early auiliorities it is termed 
Cullm f]*t)m which it may be inferred that 

Cologne (Koln) was the chief emporium. 4'he manu- 
facture of brass was only introdiiccd into England in 
1639, when two Germans established works at Esher, 
Surrey, The Bev. W. E, lladow thus tersely sums 
up the advantage of studying these brasses : “ Monu- 
mental brasses arc extremely valuable. The herald, 
the genealogist, the chronologist, the architect, the 
artist, the padmographe'r, and the general antiquary 
will each and all find muc^h to interest and instruct 
them in the several branches of knowledge, and 
they furnish us not only with well-defined ideas of 
celebrated persons, but make us acquainted with the 
manners of the times ; while to history they give a 
body and a substance by placing before us those 
things which language with all its power is deficient 
in describing.” Brassea were first used in England 
early in the thirteenth century, though the earliest 
now remaining is at Stoke d’Abernon, Surrey (1277). 
On the Continent is one at Verden, dated 1231, 
The brasses graven before the fifteenth century are 
the best examples of the art. Subsequently the art 
deteriorated till the eighteenth century, when the use 
of brasses ceased. Now the art h&s been revived 
with good success. The majority of the brasses in 
England are to be found in the counties situate 
nearest the Netherlands, and in the counties which 
were commercially connected with the Low Coun- 
tries-H?.^. Gloucestershire. Macklin's Monum4^taI. 
JiraSKg is a very useful handbook. For example of 
a “ brass ” tee Abhoub. 


Brass Flniihiog. The turning and fitting of small 
brasswork, such as taps and valvea Usually a special 
trade distinct from the work of fitters and turi^* 

Brass Fnrnaoe. A small furnace, heated coke,^ 
used in the brass foundry; the metal is usually 
placed in a crucible, and no blast is used, 

Brassica. A genus of plants of the order Cru- 
vifertB, including many plants of economic value. 
JB. nigra is the black mustard ; B, May the white 
mustard; B. oleraoeay the cabbage, with its varieties, 
cauliflower, broccoli, etc. ; B, eammttrUy the turnip; 
B. naputy the rape : yields colza cm. 

Brass Moulders* A special class of moulders who 
rarely work in iron, and generally receive higher 
w'ages than iron moulders. 

Brass Tube* (1) Common tube is brazed or 
soldered up from sheet brass ; (2) solid drawn 
tabes are used for the most important work^s.y, 
surface condenser tubes. 

Brass Winding {Lace MoAntfae.) A term used for 
brevity, and signifying the process of winding brass 
bobbins— sixty, eighty, or a hundred at once. 

Brattiee {Minitig). A partition (wood or canvas) 
for separating two air streams in a level. 

Brattishing (J /Wiifect) Ornamental cresting. 
iSHee Cbbsting a?til Tudob Flo web. 

Braunite (Min.) A sesqui-oxide of manganese, 
MngOj,, blown to black ; tetragonal, llmenau, in 
Thuringia, Iblefeld, Piedmont, Elba, etc. 

Bravura, Con Bravura (Music). With power 
and brilliancy. 

Brayer (Typog.) A wooden implement used to 
rub down and temper printer’s ink. 

Brazier. A portable fireplace with open bars, 
commonly used in different forms from times of 
antiquity. 

Brazil Nut* Bertholletia exoeUa (order, Leeythv- 
daoeis). A large South American tree bearing round, 
hard fruits, containing eighteen to twenty-four seeds 
— the .so-called Brazil nuts of the shops. 

Brazilwood* See Dyes and Dyeing. 

Brazing ( Eng.) The joining of surfaces by means 
of fused brass or spelter, applied to iron, steel, brass, 
and other metals, and much stronger than soldering, 
besides being applicable in many more cases. The 
joints are cleaned and covered with borax ; some of 
the alloy is then placed over the joint, and heated 
until it nins in, when it is allow^ to set, and any 
superfluous metal cleaned off. Joints in cycle frames 
arc always brazed, and so neat and strong is a good 
brazed joint that a broken band saw can be mended 
by this method without the production of any rough- 
ness or projection which would interfere with the 
action or the saw. 

Bread (Foods). Bread consists of two classes, 
the fermented and the unfermeuted. In the former 
yeast is used, and in the latter chemical means are 
adopted for aerating the bread. It should be well 
baked, not acid, not bitter, and of a good colour. 
Bread is rich in proteids and starch, but poor in 
salts and fats. Bice, potatoes, beans, peas, barley, 
and alum arc the usual adulterants. T^ following 
gives the methods of manufacture and toe chemical 
results : Flour is mixed with water to form a dough. 
In this operation gluten, a mixture of uitrogenoiw’^^ 
substances, is produced. The dough is imisregnated 
witli carbon dioxide, cither by ^forcing into it 
carbon dioxide under pressure (Dr, j.Dauglish's 
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figrstem) of hj adding yeast. The y^ast con\'efts the 
etarch of the flour Into maltose and dextrine, and 
then the maltose into albohol and c^bon dioxide. 
JjThis gas, hindered from escaping by tlie gluten, 
makes the bread lighter. The fermentation and 
subsequent baking cause seieml chemical changes 
in the mixture — the starch is^ partly clianged to 
V more * ^oiuble sugai’s, and it can no longer be 
nepaiated from the nitrogenous compoimds ; also, the 
nature of the nitrogenous matter is channel in some 
way. Carbon dioxide and alcohol are in part ex- 
pelled in baking. White brejid contains from 7 to 
10 }>ai^ of proteid, 6.5 of carbohydrates (starcli and 
sugars), 1 of fat, 2 of salts, and the rest up to 100 
parts water. There is otf an average in new bread 
•3 i^er cent, of alcohol, ^lum, which is often present 
as an adulterant in br&d, serves to whiten it. Ex- 
peiment h^ shown that small quantities <if alum 
are not injurious to health. Bbown or Whole- 
UEAb Bbeab is made from undressed wheat, and 
contains the bran as well as tlie flour, Tt wa'^ 
formerly considered to be more nutritious than bread 
made from the finer flour, inasmuch as the bran 
contains more nitrogenous matter. But it iias been 
pointed out that the nitrogen of cereals exists in 
two forms — the coagulable and the non-coagulable 
albuminoids — the former being nutritious, the latter 
consisting of alkaloids and other compounds contain- 
ing nitrogen. Bran contains the latter, which is 
comparatively useless, whereas in fine flour the 
nitrogen is found in the first condition. An 
argument against the use of brown bread is that 
the cellulose in the bran acts as an irritant, .stimu- 
lating peristaltic movement (^.r.) The excess of 
cellulose also cannot be digested, and is said to 
interfere with the absorption of digestible foods. 
Sfie Bakehouses. 

Breadth (Zace Manvfao, ) Any width of lace less 
than a ** web ” tliat is complete in itself. 

— (Paint.) Is thus defined by Kuskin : “Good 
comix>ser8 are always associating their colours iu 
great groups . . , and securing . . . what they call 
* breadth * — Le. a large gathering of eac?h kind of 
thing into one place, light being gathered to light, 
darkness to darkness, and colour to colour/’ 

Breakdown Crane {Eng.) An accident crane. 
8 ii(i Crakes. 

Breaker* A machine used in paper manufacture 
for disintegrating rags into “ half stulf.*’ 

Breaking {Ph^indry). A striated appearance on 
the surface of melted iron; the qualitj' of the iron 
can be judged to a certain extent by the appearance 
of these striatlous, 

Breaking Joints (Build., etc.) The prevention of 
two or more successive joints from coming into line. 
This is done to increase the strength of the structure. 
The Bokd in masonry is an example; the 

arzangement of the joints of piston rings (q.v,) is 
another. 

Breakii^ Biecec (Bng.) Hbort shafts by which 
power is transmitted to the rolls of a rolling mill. 
The}’ are znade weaker than the axles of the rolls, so 
that' if the mill is overstrained they will break first, 
and prevent a fra<.1ure of the rolls or their axles. 

Breaking Strength* The force or load necessary 

break a piece of material of specified size. 

Break Lathe (MgO A large lathe whose bed 
daii be disconnected from the head stock so that it 
can be moved faither away, to suit larger work. 


Breaks in the Bueoessioil of Strata (QeatJ) 
These mean nearly the same thinjpr as “nnconf 
formity ” ; but it is sometimes convenmnt to employ 
the present expression in cases where rocks are absent 
whichiH^are known to ocent elsewhere, but where 
there is no visible discordance between the two rocks 
which succeed each other in the same ;'sectlon. A 
further distinction is made iu the case of any marked 
hiatus between the organic remains of two appar- 
ently conformable sets of rocks, in which case the 
term PALA?ONTOLOOicAti Break is used, 

Breakwater (Marme Breg.) A bank or wall of 
masonry user! to protgpt a harbour, etc. 

Breast (Build.) The part of a wall projecting 
into a room and containing the flues. 

(Minviff), The face or working surface in 

a level. 

Breast Beam The front cross- 

rail of loom over which the cloth passes to the cloth 
roller. 

Breast Hole (Mf^t.) In a cupola, the door or 
opening just above the base for lighting the fire and 
extracting the cinders aifiH slag. 

Breastplate (Arm., etc.) Armour which protected 
the breast. A large metal ornament worn on the 
brea>t . 

Breast Wheel (Enq.) A water wheel which turns 
iu aquadrunt-.shaped bed, so t hat the water strikes the 
floats at the level of the axle, and regains in contact 
with them till the lowest point of the wheel is nearly 
reached. 

Breccia (Oeol.) A compacted aggregate of frag- 
ments of stone which are angular instead bf being 
rount^ed, as they are in a conglomeiat<^. The 
angularity of the constituents serves to indicate 
that the stones have not been exposed to the 
rounding action to which running water gives rise, 
and the feature in question may thus become one of 
some imj)ortance in relation to the history of the 
rocks of wdiich a bre<x*ia forms a part. ^ 

Breeches Pipe (Eng.) A ^ 

locomotive which rec^uves the steam from the two 
cylinders and discharge!^ it into the chimney, in onier 
to force the draught. 

Breeze. A name given to various kinds of fuel in 
a fine state of division. Thus coke breeze is finely 
divided coke. In brick making, sifted coal cinders 
arc extensively used, both for mixing with the loam 
before moulding into bricks and for putting between 
the layers in a clamp when the bricks are burnt in 
that way. 

(Build.) Fine cinders used with cement to 

make concrete. 

Breguet Spring (Watchmaking). A flat spiral 
balance spring with its outer coil bent up into a 
horizontal plane parallel with the borly of the spring, 
and then curved in towards the centre and fixed to 
the stud between the outer coil and axis of balance. 
This spring, which is only found in better cbiss 
watches, secants less variation in timekeeping when 
the position of a watch is altered by the movement 
of the wearer or otherwise. 

Bressummer ( Build. ^ A beam carrying a wall, 
as a girder over a shop trout. 

« Bret6s::e (Her.) An ordinary with edges em* 

battled ; also called CbekelL’^. 

Breve (Mueic). See Note. 



BrevitP {Typog,) Type one nze emaller than 
bourgeois and one size larger than minion. See 
TyPE. 

Briar Root* See Woods. 

Brie-a-Brac. Antique curiosities of artiBt||t char- 
acter: furniture, china, plate, fans, statuettes, etc. 

Brick Arch In locomotives, an arch of 

firebrick placjed in Dront of the openings of the tubes 
to deflect the flame backward. 

Brick Barth {Oed,) Any loam or native mixture 
of clay with sand which serves for the manufac- 
ture of bricks. In the south-east of England, and 
especially in the Thames Vftlley, it is usually re- 
striotod to a kind of buff or ochreous loam which 
has been left as a sedimentary deposit on the sides 
of the valley. By many it is regarded as a form of 
alluvium ; others think it represents a deposit formed 
at a time when the river was ponded back into a 
lake by an ice bai'rier across its mouth at the climax 
of the Aj’e of Snow. 

Bricking Up (^Foundry). In moulding, the forma- 
^tiou of part of a large mould with bricks instead of 
using sand alone. ig 

Bricknegged (Build.) A brick partition with 
horizontal Nogging Pieces (y.r.) to tie it together. 

Brioknogged Partition {Build.) A partition 
built id l»n»'ks and mortar, with nogging pieces (y.v.) 
abfuit t very 3 ft. of its height- to bond it together. 

Bricks (BtIc% Barth&). The clay from which 
bricks are formed varies considtTably in (’omposition. 
The following are examples : Jiedddnh- Brown, Flay : 
Silica, oil ; alumina, 31 ; water, etc., 9 ; iron oxide 
and lime, 3*5 ; magnesia, 2-5. Bed Brick Clay : 
Silicit, 50; alumina, 24; water, etc,, 22; iron and 
lime, 2*7; magnesia, 1‘3, A (\mnwn Slarl Clay: 
8Uica, 33; alumina, 11; water, etc., 10; lime, etc., 
40; magnesia, 6. A Sandy Clay : Silica, 00; alumina. 
24; w'ater, 12; lime, etc., 2 4 ; magnti.sia, 1*6. It 
will be instructive to compare these with tlie 
analysis very pure clay, such as cliina clay: 
Silica, 45; alumina, 45; water, S; lion oxide and 
lime, 2. The commone.st bricks are made from a 
marly or a sandy clay, the latter being often termed 
**loam.” An artificial imitation of marl, termed 
“ malm,” is produced by mixing clay and chalk with 
water in a puddling mill. — Manufactube : The 
first operation is the removal of the surface earth, 
which is termed “ iinsoiling.” The clay is then 
cut out, broken into small pieces by the spade, 
and exposed for a considerable time, to the air, 
in order to become “ weathered.” It is then 
cleared of stones, either by hand picking or, on 
a larger scale, by washing in a mill, from which the 
clay, mixed w’ith water to a creamy consi.stency, i,s 
allowed to flow into a M^ash Back, where it is left 
to dry in the air until it attains the requisite con- 
sistency. It is then cut out in blocks^ ground with 
breeze in the PuG Mill, and then 1$ moulded into 
the shape of bricks by band labour or by a brick - 
making machine. The next process is extremely 
impor^t: it consists of drying the bricks in air. 
They are stacked in long rows on raised platforms 
of earth khown as Hack^ and are arranged in such 
a manner as to leave numerous air spaces between 
them. Tliey are protected from the rain by a loose 
roof of straw, or sometimes by light screens made 
of reeds, or else by a simple form of roof, and are 
left until the whole of the visible moisttire has 
evaporated. The bricks are then termed “green 


bricks/’ When sufficiently dried, the green, bricks' 
are ready to be** burned. There are two nrine|Ml 
ways of carrying out tbisvoperation. In omer 
method . the bricks themselves are built up into 
a kind of hollow chamber, with flues running 
through it, termed a Clamp. A fire is kept burning 
inside this until whole of the bricks have been 
sufficiently burned; Those close to the floes are in 
most cases seriously overbumt^ and are termed ^ 
“ burrs.” Those which are less overbumt are termed 
“hard stock,” and are useful for many building 
purposes. The outermost bricks of the clamp are 
frequently left underbumt, and are useless lor all 
ordinary work. A more modem process is to use 
a permanent kiln for bumhlg ; and in this case it is 
much easier to attain uniformity in the process, 
and also to regulate the huming to any desired 
degree.— Varieties of Bricks : (ll-^ Chetters or 
Rabhers : A fine-grained brick, commonly red, which 
is suitable for working to any definite shape, for 
.arches, mouldings, etc. Malm bricks are often used 
for the puatpose ; and two of the best varieties of 
cutters are Fareham reds— a deep red brick made 
from the Fareham clay ; and Lawrence’s cutters, 
made from a brick ear^ at Bracknell, which is 
carefully strained and washed. (2) Bvteh BHcks : 

A light-coloured hard brick suitable for paving and 
similar work. (3) Oault Bricks or “ Oaulte*' : Bricks 
made from the blue clay termed by geologists 
“gault”; frequently made with holes to serve as 
air bricks or ventilating bricks. (4) Leicester Beds : 
A heavy brick which has been subject to pressure in 
its formation. (5) Malm Builders : ELiln-bumt bricks, 
from specially prepared malm. (6) Bed BuUders: 
Used for good building work; made from washed 
earth. (7) Buhlnfrs : Another name for cutters (q.v,) 
(8) Shippers: The last selected stock or ordinary 
bricks, so called from being originally those which 
were selected for shipment. (9) Stafford Bines: 
Very heavy hard brick, containing a high percentage 
of iron (10 per cent.), and extremely durable. (10) 
SfoekJt : Also termed “ grey stoc;ks,’* or London stocks;, 
a geneml name for the (»rdinary c^lamp-bumt bricks 
of the better kind, (11) Suffolks ; C^m-ooloured 
bricks made from mai'l ; used for facework. In 
addition to the above, moulded brinks are used 
for arches, quoins, plinths, string courses, and other 
oinamental work. Those used for arches are often 
called arch bricks ” and “ gauged bricks,” Other 
bricks are finished ' with a polished surface, 
sometimes by ordinary glazing with salt, and at 
others by a more elaborate glaze similar to that used 
for earthenware. These are used for ornamental 
work, for reflecting light, or for sanitary purposes. 
— Firebricks : Firebricks are used for the 
interiors of fines and furnaces. They must be 
infusible at the temperature to which they will be 
exposed; they must also be free from cracking at 
this temperature, and must retain their shape and 
size, as any alteration in this point would probably 
destroy the whole interior of the furnace, causing 
the roof and arches to give way. In other cases, fire- 
bricks have to resist the destructive action of the 
fluid metals and slags produced in the furnace. 
The requirements of a good firebrick, therefore, vary 
considerably, but in nearly all cases are exacting 
and difficult to meet. Only special^^ clays, termed 
“ fireclays,” can be used. An example of fireclay is 
as follows Rilica, 50 ; alumina, ; water, etc., 12i; 
iron oxide, 4 ; lime. 2 ; magnesia, 2« The chief 
points in which this differs from an ordinary 
brick earth are the comparaUvely high per* 
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centages of alumina and iron oxide and the absence 
of any free alkalis. These characteristics con- 
tribute very largely to the infusible character of 
the bricks ' The presence of alumina in large 
quantities is not, however, essential in all cases, as 
a very good form of firebrick is made from Kieselguhr, 
which is a highly silicions earth, originally produced 
by minute organisms called “ diatoms.” The com- 
position of Kieselgnhr is typically : Hilica, 84 ; 
alumina, 1 ; water, 7 ; iron oxide, 2 ; lime, -8 ; 
'magnesia, *7; organic matter, 4*5. In burning these 
Kieselguhr bricks the iron appears to act as u flux — 
i.e. to form a lliiid substance, which, when 

it solidifies, cements the remaining material together. 
Tliese bricks are very light, but very durable, and 
are much used for firebricks in chemical works. 

Bridge {Eny.) (1) An arch or series of arches of 
brick, stone, or cast iron ; (2) a platform carried on 
wrought iron or steel girders, either supported on 
piersp of masonry or metal, or hung by ebains from 
lofty piers at each extremity of the bridge; (ll) 
applied to various parts of mechanism 4)r structures 
which have some resemblance to an ordinary bridge ; 
(4) a barrier placed acro.ss a furnace to deflect the 
flames and hot gases. also Ancn. 

(Musio). The piece of wood on which the 

strings of musical instruments are stretched. 

Bridge, Wheatstone QElect.) See Wheatstokk's 
BniTjas. 

Bridging Joist ( Carjt.) The timbers to which the 
floor boaras are nailedf 

Bridle The loop by which a slide valve is 

connected to the valve rod. 

{Dec.) The method of tying up a painter’s 

brush when it is new and the bristles are too long 
for use. Whipcord is wound around the )>ristlos 
from the binding, and is secured by being tied to the 
handle or to pieces of copper wire bound in with the 
bristles for the purpose. A'arious ready made bridles 
are also used. 

Bridle Butts or Backs {heather Mann fae.) TSuits 
{q.v.) tanned for brhlle and hariies" work ; must be 
plialdc, free from blemish, and of good <'olour. 

Bridle Joint (^('urp.) 

A joint of the form 
ehow'n. Used in pla<*e 
of a mortice and tenon. 

Brigandine Armour. 

Armour consisting of 
canvas or leat her, q uilted 
with small thin pieces of 
iron ; worn by mediaeval 
archers and cros.sbow'- 
men. 

Bril^t Bed Heat. A temperature ranging from 
17()(r to 1800'=* F. 

Bright Work. Surfaces which have been machined 
or merely polished by the file, emery, etc. 

Brill {Zool.) llhomlyns Imvis (family, Pleuro- 
nect'nlai). A flat-fish allied to the turbot, but 
inferior to the turbot as food. 

>Brillante (Mnsie), Brilliant. 

Brilliant {Mm.) A term used for a special form 
of cut diamond. See Diamond attd Pkecious 
STOKES. 

Tyx>e a size smaller than diamond, 

and practically tbe smallest used. See Type. 


Brimstone. A common name for artificially pre- 
pared sulphur. See BuLPHtTB. 

Brinded or Brindled {ffer.) Baid of animals 
covered with spots or streaks of colour. 

Brine Pump {Drig.) See Baltiko. 

Brin's Process. A method of obtaining oxygen 
from the air on a large scale. Air is freed from 
moisture and carbon dioxide, and passed under a 
pressure of about two atmospheres over barium mon- 
oxide, BaO, heated to a constant temperature of 7()0\ 
Under these conditions Barium Dioxide, BaOj, 
is formed. The residual nitrogen is allowed to 
escape ; then the presyire is reduced to a few inches 
of mercury, and the dioxide gives up oxygen, which 
is collected ; the monoxide remains, and is useil again. 

Brio {Paint.) Painted with spirit or “ go.” 

Bristled (//i?r.) When the bristle.s of a boar are 
of a different tincture from the bod>. 

Bristles. The coarse stiff hairs obtained*from the 
pig .and used in brushmaking. They are imported 
chiefly from Ilussia. 

Bristol Board. A fine kind of pasteboard or card-* 
board with a smooth glazed surface; used for 
|wn-and-ink drawings, watercolour drawings, and 
Tijimnts. 

Bristol Porcelain. Pottery of the nature of Delft 
was made in Bristol as early as the olo.se of tbe 
seventeenth (^enturj. A manufactory of porcelain 
was established in ITdS by Champion, who in 1774 
took over (^ookworthy’s pat(‘nt for the manufacture 
of hard-paste. There is no recorfl of this porc<*lain 
having boon made after 1777. Two other manufac- 
tories wt*re established for the manufacture of 
eaitlienwnro, one of which (l‘ountney*.s) is still in 
exi.sten(‘e. For Porcelain Marks, see under Pottkuy. 

Britannia Metal. A white alloy of tm and auli- 
niony, usu.illy also containing .small amounts of 
copi^er and zinc ; a ty}ucal specimen contained : Tin, 

; antimony. 10; copper, 1 ; aru zinc, II i>er wnt, 

Britch {Woollen Mann/ae.) The fibre from tije 
extremity of the tail end of tieecc. 

British Gum. Tbi.^ i.s not a true gum. It is 
prex>ared by carefull) heating starch, wlien a x>rojinct 
♦ ontaining dextrine or siihstanoes allied to it is 
obtained. 

British School of Painting. See PAiNTiNfi, 
Schools oi-’. )> 

Brittle Silver Ore {M'm.) A synonym for 
Stephan iTK {q.v.) 

Broach (Archifeof,) A spire, generally u.sed to 
denote that kind of .spire which ri.scs from a tower 
without any parapet, as is u.sual in Early English 
architecture . 

{Dug.) A tool for cnhxrging and finishing off 

round holes wliicli have been drilled or pumjbed. 

( Wottilen Manufao.) A wooden spindle on 

which the Cf»ps of yarn are fixed for warping, etc. 

Broadcloth ( Woollen MairnfajC.) Fine, plain-wove 
black cloth, dressed. » Used iDrincipally for men’s 
clothing. 

Broad Gauge {Dug.) liailway lines set 7 ft. apart ; 
now abandoned. See Narrow Gauge. 

Broadside. A .sheet of }:^per printed on one side 
only, the matter generally being of a popular character, 

Brob {Eng., etc.) A large spike used to fix heavy 
timber work. 
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Brooadu {Gottim Weaving), A class of figfured 
weaving produced by means of the “ Jacquard/ in 
which the warp and weft are made to float indis- 
oriminately on the surface of cloth to form a 
desired pattern or figure, the ground weave being of 
a firm structure. The figures are principally weft. 

' Manufao.) A term now applied to 

most figured silken fabrics ; originally it was used to 
denote only those silks where the figure consisted of 
various-coloured wefts and metal threads woven into 
the cloth by means of small shuttles, which were 
passed under the warp' threads in such places as the 
figure occurred, instead of being thrown across the 
entire width of the work. • 

Brocatel or Brocatello. A variegated species of 
marble, obtained principally from different parts of 
Italy. 

Bpooatelle {Silk Manufao,) A thick figured silk 
used for upholstery purposes, made with an extra 
weft of linen yam, which causes the .sjitiii figure to 
have a raised or plump appearance. 

Broche. Fabric enriched with figures or design 
tn relief. ^ 

Broken Entablature {Arrkitect,) An entablature 
which floes not project uniformly from the face of 
the wall, but has aii increased projection over each 
column or pilaster. Seo aUo Entablature. 

Broken Glass {Mot.) lined to cover the surface 
of molten brass to check fixidation. 

Broken Oyer {Bind,) Used in resi^ect of plates 
w'lien a fold has been made a short distance from 
their back edge before they arc fixed in a volume. 

Brokes {Woollen Manvfac,) Short locks of wool 
removed from the edges of the lleeco, grown on the 
neck an*d belly. 

Bromates. traits of bromic', acid. Potassium 
Bromatk, KBrO,, is made bv adding biomine to caustic 
potash; fiKOlI + 3Br,=:5Kllr + KlicO,^ :{Iip. Tlie 
broinale, lx>iug much 'le.ss soluble than the bromide, 
is scparatec^by crystallisation. Bromates heating 
decompose, giving oxygen and a bromide. 

Bromic Acid, HBrO,. Forms a strongly acid 
liquhl ; it is a powerful oxidising agent ; hence it 
bleaches. 1 1 mfiy be obtained by pa.ssiiig chlormc into 
bromine water or by acting upon silver brumatc 
(prepared by adding silver nitrate to potassium 
bromate) with wa|pr and bromine. 

Bromide Emulsion {Photo.) A solution of 
gelatine containing silver nitrate and potassium 
iodide and bromide. A good formula is : tlelatine, 
280 ; AgNOj, 175 ; KBr, 1.15 ; Kl, 5 imrts by weight. 

Bromide Prints. Prints on paper, porcelain, etc., 
which has been coated with a gelatine emulsion 
containing silver bromide, very similar to that ust?d 
on dry plates. The prints are dcnelopod and fixed 
Uke tiry plates. 

Bromides. Salts of hydrobromic acid (HBr). 
See also under Potassium anti Silver. 

Bromine, Br. Atomic weight, 80. A dark red 
heavy liquid (sp. gr. 3), boiling at 59" ; it has a 
powerful and instating smell, and the vapour attacks 
the eyes. Unites directly witli many elements to 
form bromides (union w ith potassium and phosphorus 
is explosive). Boloble in carbon disulphide and in 
acetic acid; also sparingly soluble in water, the 
Bolntion decomposing in light. Acts on many 
organic oompounda, forming either substitution pro- 


ductB->-s.y. (benzene) gives C^HsBr (monobrom- 
benzene) or adoitian products — e,g, (^tbyletie) 

gives C^^Br, (ethylene dibromide). PrepaMl on 
large scale by heating the mother liguor obtained in 
the preparation of potassium chloride from Camallite 
by means of steam, and passing chlorine into it. The 
chlorine liberates bromine from the magnesium 
bromide, and the escaping bromine is condensed. 
On small scale it is proceed when a bromide is 
distilled with manganese dioxide and sulphuric acid. 
Resembles chlorine in its chemical behaviour ; thus 
it bleaches, and acts upon alkalis like chlorine (ff.v.) 

Bromo Compounds. These are formed from 
organic compounds by replacement- of one or more 
hydrogen atoms, directly or indirectly, by one or 
more bromine atoms. Thus tribromopbenol is 
phenol (CgHjOH), in which three hydrogen atoms 
have been replaced by three bromine atoms, giving 
0|.H.^Br,OH, in which the bromine atoms occupy 
the positions 2 :4:6 in the benzene ring (j^^^lBinir- 
ZENB), the OH group being in position 1. 

Bronchi (Zool^ The two tubes formed by the 
division of the Iraclioa or windpipe. They again 
divide, and their branches pass into the lungs, where 
they ramify. 

Bronze. An alloy of copper, tin, and zinc in 
somewhat variable proportions. The British coinage 
is composed of 95 parts of copper, 4 of tin, and 1 of 
zinc. Ancient bronzes contain only copper and tin. 
See also G unmetal. 

Bronze Age ( Qeoh) The prehistoric period when 
men employed iustrumeuis of bronze in war, in the 
chase, and largely for domestic puiposes. It followed 
the Neolldiic Age, when siiioolhed stone instruments 
were used, and it preceded the period when iron 
began to come into general use. Both its commence- 
ment and its termination are indefinite, and they 
varied in different countries according to locsd 
circumstances. 

Brooch {Cost.) An ornament or clasp to which a 
pin is attached, now used 
rhiefly for fastening some 
portion of female wearing 
aj^jmrel, genorallj^ on the 
breast, bnt formerly often 
worn by men also, fre- 
quently on the hat or cap. 

It is still one of the indispensable ornaments of a 
Highland costume. The illustration is from a Banish 
brooch of the later Bronze age. 

Brookite (Min.) Titanic Oxide, TiO,. Rhombic. 
It often oc;curs in brown (capillary crystals. Two 
of the chief localities are Cornwall and Dauphiny. 

Brought Forward (Bee.) Thi.s term signifies 
that all work to be painted is ready for the finishing 
coal at the same time. 

Brown {Paint.) A composite colour produced by 
mixing onmge and black, or red, black, and yellow, 
(rreat variation in shade can be obtained accoi'ding 
to the i)roportion of the constituents. 

Brown Bear {Xool,) Tfrsvs aretes (family, 
Ursldffi). The Brown Bear is valued the sake Of 
its fur and flesh (hams and paws) and fat. 

Brown^ Bismarck. See Dyes and Dyeing. 

Brown Coal {OeoL) A stratified deposit of fossil 
matter of vegetable origiii which has undecgoiie a 
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certiun amount of change within the strata enclosing 
It, bnt which change has not moceeded sufficiently 
to to convert the substance into true cosd. The 
percentage of ^.carbon present is usually between 
.65 and 80, and of oxygen between 25 and 15. It is 
often associated with strata of fresh water origin. It 
is an important source of fuel in connection with 
some of the Tertiary rooks of the Continent. See 
eiiUo CoAU 


Brovn Hsnenatite (Afin.) A synon3rm for Limonlte 

(S.v.) 


Bradae. 


C^H^(0CH,),0 CO 
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An alkaloid occurring along with strychnine in nux 
vomica. Forms colourless prismatic crystals or 
pearly flakes; melts at 178°. Physiological action 
similar to strychnine, but 38J times less powerful. 
It is more soluble in water and in alcohol than 
strychnine. It is Itevorotatory ; a tertiary base ; and 
although it contains two nitrogen atoms, it is a 
monacid base. With nitric acid it gives a red colour 
even in very dilute solutions ; tbp colour changes to 
violet on adding stannous chlfifede. This forms a 
very delicate test either for brucine or nitric acid. 

BPQCite (Afiu.) Native magnesium hydrate; it 
occurs in tabular hexagonal prisms with a perfect 
basal cleavage. Thin laminae are flexible, but not 
elastic. Composition: Mj,(OH) 2 , magnesia =68 *97, 
waters* 31*03 per cent. WLicn heat^ before the 
blowpipe it does not fuse, but becomes brilliantly 
incandescent. Tt occurs at Swinna Ness In the 
Shetland Isles, and at several localities in the United 
f^tates. 


Brunswick Black. A quick-drying black varnish 
made from asphaltum and used principally for 
coating iron. 

Brunswick Oreen A pigment used in 

oil painting, manufactured from carbonate of copper 
and chalk or lime. In trade work, a useful series 
of greens is made, in four or five shades, from chrome 
yellow and Prussian blue, on a base of barytes. 
They are apt to fade, but may safely be mixed with 
other pigments excepting those which contain 
sulphur, Brunswick greens are inferior in quality 
to chrome green. 

Brushes (Z>sc.) See Vaixtkr's Bbushbs. 

(Elect, Ahig.) Strips of copper, either 

solid or built up of gauze, or else rods of carbon, 
which convey the current from the terminals of an 
electric motor to the c(jmmutator or in the reverse 
direction in the case of a dynamo. By means of 
rooking frames" or holders the brushes can be 
moved round tbe commutator until the best position 
(that where least sparking occurs) is obtained. 
This adjustment has to be made with great care, or 
loss of energy and injury to the machine will result. 

Brash Holder (Elect Eng) The support or 
frame carrying the copper (or carbon) strips by 
which tbe current enters or leaves a motor or dynamo. 
The brush holder^ are carried by a ** rocking frame ” 
wkkiil enables the point of contact of the brushes 
with the commutator to be varied at will. 

BMnliWork (Paint.) (1) A, term used by artists to 
jijghlfy the maimer in which the pigments are laid , 
vpm canvas in oil painting Hud upon paper in water- 
Oelohr work. Every < painter, has his particular 


method of handling his materials, and the quality 
of his brushwork is one of the most important 
factors in the expression of his individuality. ‘ (2) A 
method of teaching drawing and design by means of 
water-colour drawing, chiefiy in vogue in elementary 
schools. The painting is executed by means of the 
brush alone, no outline of the subject being previop^y 
made. 


BrUBMla Lace, aUo called l^oliit d'Aagletem. 

Perhaps the most representative of all laces either 
for quality or beauty of design, which changes with 
the fashion and always kee^s up to date. It was 
first made in* the fifteenth century, and about 1626 
the city of Brussels b&d attained such proficiency in 
the manufacture as to be the envy of the whole of 
the surrounding districts. England also becoming 
alarmed at the enormous sums paid to the foreigner* 
introduced certain fiscal changes, with the iito of 
stopping its importation and at the same time 
fostering the English lace industry. The merohaints 
brought skilled lacemakcrs to this coufitry, and 
attempted to introduce the manufacture ; but as the 
British workmen had not attained proficiency in 
the production of the thread, the result was failuri.. 
The name was then ch^ged to Point d^Angleterre, 
and smuggling was resorted to, which seems to 
have been quite a success. Nearly every known 
stitch or method may be embodied in Brussels 
lace, as the principle of manufacture lends itself to 
distinctive treatment, and the various objects and 
fillings and different varieties of ground are made 
separately, each by the worker mo.st skilled in her 
particu]|^ department, and afterwards combined. 


Bubble Tube. The glass tube of a level containing 
spirit. It ondoses a bubble of air, 

Buoentaur. A mythical creation half nlun, half 
ox. Also the name of the State barge or galley of 
Venice in which tlie Doge and Senate performed the 
ceremony of wcdrling tlie Adriatic, 


Bucket (Eng.) (1) The scoop used with various 
forms of flredger.*? ; (2) The piston qf a suotiun 
pump; (3) The receptacle wliich catches the water 
in water wheels. 


Bucket Ladder Dredger (Civil Eng.) A Con- 
tinuous chain firiven by machinery carries a number 
of sharp-edged buckets, which scoop up the nuiterial 
and raise it above water level, where it is discharged 
into suihible barges. The ebain^works over wheels 
at the top and bottom of a frame in such manner 
that the backets at the lowest part of the chain 
touch the bottom of the channel. 


Bucket Yalve (Eng.) The valve in tbe piston of a 
common suction pump. 

Buckle (Architect.) See Mask. 

(Co»t) An instrument, often ornate, con- 
sisting of a rim of metal with a chape and tongue. 
Used for fastening straps or belts. 

— - ( Eng.) The curving of a flat plate caused by 
stresses set up from contra<i:ion and other causes: 
a permanent **Het" or twist in a piece of material 
which should be flat. 

Buckled Plates (Eng,) Plates to which a dish- 
like curve has been given; used in some forms of 
bridge construction, as tbe plate has greater stiffness 
than a flat one. 

Backvam. A strong coarse form of linen material 
of plain texture, highly finished. Used for linings 
and for binding books likely to be much handled. 
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Buokikin < WooUm Manvftu:,'^ Fine twilled woollen 
cloth, with the weave or twill lines clearly defined. 

Bndiikin Leather. Originally made from buck- 
skins, dressed by oil dressing ; now made from any 
kind of deer. SVoquently made from sheep, calf, 
and horse Hdes. 

Buckwheats IPagopymm. egeulentuni (order, Poly- 
ffomcf'cn). The fraits of this member of the dock 
family oonstitate a much used food in some European 
countries and in Amevica. 

Buddie ^Mininy). A machine for washing ore by 
rotating it in a circular vessel or pool of water. 

Buff (Cokmr), A light yellew. 

(JSng., etc.) A wheel covered with leather, 

on which fine emery, etc., is placed for polishing 
metallic objects. 

Buff Ck>at. A military outer garment made of 
skin or other thick and elastic material. The sleeves 
were sb(^, and the garment was laced across the 
chest. Worn, by soldiers during the seventeenth 
century. 

, Buffer iP»g.) A stop intended to check a heavy 
shock by causing the gnuinal compression of a spring 
or its equivalent. 

BufHug (Leatlier Jdanufac.) A process by which 
the grain surface of the leather is removed : formerly 
done by hand with a buffing knife ; now largely done 
by machine. 

Buff Leather, ijcatber ffora which the upper 
Piirfiw'c or “ grain has been “ buffed” off (removed). 
Chiefly use<l for Army work. Dressed with^nil. 

Bugle. See Musical l^'STBUME ^’ ts : Wind, Bilvss. 

Bugle ^ern {Her.) A small hunting horn. When 
blazoned, it shnuhi state if the sliouldcr strap is 
shown j if HO, the bugle is e/tgitiehe. 

Buhl {Purn.) A kind of furniture manufacturc'd 
by Boule (1<>42— 17JJ2), an Italian wood carver, who 
introduced this style in France during the reign of 
Louih XIV. ITnhurnished gold, brass, mother (»f 
pearl, lortoieeishen, etc., worked in complicated pat- 
terns were used for inlaying. Buhl is a Gorman form 
of the name. 

Building Motion ( ( 'otton Sj? inni ny). For building 
up the layers of roving on the bobbins of a fly frame 
so as to lay them uniformly, and also give a tapered 
shape at the top and bottom ; sometimes termed 
** box of tricks.” (lt;casionally used in resjrKJct of the 
building of a cop on a mule. 

Building Stones. Tlie qualities requisite in stones 
suitable for biiilding work arc very various, and 
depend on the nature of the work. Hirength and 
durability are usually the two most important quali- 
ties ; but the exact nature of these will depend un 
whether the stone is to be exposed to the outer air 
or to be under water, or only to be used in tlic 
interior of the building. Ease of working depends 
upon tl)e softness or haidness of the stone ; a very 
hard stone might be extremely difficult to work, both 
in the quarry and on the bench ; while a very soft 
one may break away uniler the tools, and therefore 
be useless. For ordinary building purposes limestone 
and sandstone in some form are the stones most used. 
The former is always liable to be attacked by the 
atmosphere to a considerable extent, as rain water, 
containing a certain amount of carbonic acid in 
solution, can dissolve au^ay carbonate of lime, which 
is the chief constituent of a limestone. Handstoncs, 
being composed largely of silica in a form of minute 


grains of quartz, are not liable to th^e 
aoiions, and their durability will depend 
entirely on the strength of the natuiil ^cetn&ting 
materi^ by which the grains of 4|uaatz are held 
together in the stone. Granite and rocks of its claaa 
are the most durable of all stones; but they are 
difficult to work with ordinary mason’s tools, and 
they occur in huge masses in the earthi^ instead of 
being in layers or “stratified,” as limestones and 
sandstones are, the expense of quarrying them is 
also very much greater. For these reasons granite 
and similar rocks are only used in the very heaviest 
work where enormous strength is absolutely n^ices- 
sary, or else in decorative work where the high cost 
is not an obstacle. Marbles and similar rocks are 
as a rule only suited for internal work where they 
will not be subject to much wear and tear. The clasm- 
fication of building stones is a somewhat difficult 
matter. The geologist would classify them accord* 
ing to the manner in which they have been formed, 
dividing them into three classes— tlie aqueous rocks» 
which have been formed by the action of water — 
e.g. limestones and sandstones ; the igneous rocks, 
vvhich have solidified from a fluid condition, and 
include granite, syfpite, basalt, and similar rocks; 
and met^orphic f'oeks, which are rocks originally 
belonging to either of the above classoh, afteirwarcu 
modified by the action of heat or intense pMsure. 
For building purposes it is more oonveni&t to 
classify all rocks in accordance with the uses to 
which they are put. This gives us the following 
classification of stones used in : 1. Obdinauy 
Masonky Wobk : (A) Limestones. (B) Sandstones, 
and occasionally certain other rooks. II. Hbavy 
MA tsoNBY AND Enginebbing : Stones u.sed in the 
foundations of heavy buildings, piers, breakwaters, 
and engineering work generally; various forms of 
granite, syenite, etc. III. Burely Ornamental 
Work: Marbles, serpentine, granites, syenites, etc. 
It will be seen that there is a certain amount of 
overlapping in the above classification, which it is 
impossible to avoid, as many of the stones which ai'e 
most useful for the heaviest work are also extensively 
used for purely decorative purposes. I. (A) The 
principal limestones in actual use are as folIf»WB; 

(1) Ancaster Stone and “ Oolite*^ Limeeftme : From 
Lincoln, used for general building work in the 
locality, and for doors, windows, etc., elsewhere. 

(2) Hath St one y ''Great Oolite'" Limestone. Found in 
the Si>merset hills, at Box, Chippenham, Doult. 
ing, etc. This stone is soft when first quaxiied, 
but gradually liardcns in air. It is slightly shelly, 
but fine grained : very extensively used for general 
building work, and ahso for external decorative 
work, as it is extremely suitable for cutting and 
moulding. £xamplc.s : Bath Abbey, Glastonbury 
Abbey (Seventh century), Wells Cathedral (twelfth 
and fifteenth centuries), and many collegiate build- 
ings in Oxford from the Twelfth to Fifteenth cen- 
turies. All these buildings are in a good state of 
repair, putting the durability of the stone beyond 
dispute. (.S) Jiolsovcr SUmfy “ Magnedcun 

or “ Dolomite ” : Composition (percents^) : calcium 
carbonate, 51' 1 ; magnesium carbonate, ^*2 ; iron and 
alumininm oxides, 1'8; silica, 3-6; water, etc,, 3*3. 
Easily worked stone, not very durable, (#) rtwnt : 

From” the “Jurassic” rocks of Normandy. Very fi,ne 
stone for decorative work, much used on the Con- 
tinent and in many buildings in this country; not as 
durable as many other building stones. (6) DouUing 
Stone: A variety of Bath stone. (3) Mam Hul 
Stone: A variety of Bath stone. (7) Head^hfft&n 
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Stone: A isoft limestone from Oxfordshire. It 
has been used in the restoration of xnany Oxford 
buildings ; but it is easily seen, on inspection, tliat 
the stone is not very durable, as the restored work 
shows many signs of decay. (8) Hnddlettone Stone : 
A limestone quarried at Park Nook and other places 
in Yorkshire. (9) Portland Stone: A limestone 
from the upper Jurassic rocks of the Isle of Portland, 
near Weymouth. Superior to the oolitic limestones 
in hardness and durability, but less adapted to 
delicate chiselling. Colour, white to light brown ; 
stands the weather well. This stone has been much 
used for many years. St. rani’s Cathedral is a fine 
example; also the Goldsmiths’ Hall, and the Cus- 
toms House, built 1817. Another good example 
which should be inspected by students of building 
materials is the fine statue, a* copy of the Famese 
Hercules,” in the Museum of Practical Geology. 
(10) MafutfieUt Stone : A durable arenaceous limestone 
of light colonr, used in the lower parts and foundations 
of the Houses of Parliament ; also extensively used 
for paving. (B) Sandstones used in general building. 

(1) Belton Stone: A sandstone from the “J.ower 
Keuper ” rocks of Shropshire ; white and light red. 

(2) Branley Stone: Coarse-grained* sandstone from 
the “Millstone Grit” of Yorkshire; veiy durable; 
suitable for general building, paving, stone steps, and 
also heavy work, such as foundations for machinery, 
piers, and bridges. (3) Oraigleith Stone : A whitihb- 
grey sandstone; very durable; used for general 
building, especially Ashlar work, steps, and lamlings. 
Much of the older part of the city of Edinburgh is 
built of this stone. Quarried at Craigleith, on tlie 
north-west side of the city. (1) Barley Bale Stone : 
From Derbyshire. A yellowish-brouii sandstone 
fine grain, containing flakes of mica. Darley Abbey 
and Birmingham Grammar School arc built of this 
stone. (5) Bvmfries Sandsttnu' : A bright red sand- 
stone, locally used, but not very durable. (6) Bundee 
SamUtone (^Arbroath Flage): From the “Old Red 
Sandstone.” Splits into large and flat “ flags,” and 
is much used for paving, as it is hard and durable 
and very impervious to moisture. (7) Elland Sand- 
stone : From the Millstone Grit of Yorkshire. A tine 
greyish-brown micaceous stone, used for paving. 
(8) Harroek Hill Sandstone : A coarse-grained stone, 
used for paving, heavy foundations, engine bases, 
etc. (9) Heddon St07ie : From the “ Caiboniferou.s 
Ijimestonc Series,” near Ncwca.stle. A light brown 
stone, sometimes containing fine layers (or “ laminae ”) 
of black carbonaceous matter. Used locally 
and also ffisewbere for the facings of buildings. 
Many examples of its use arc found in Edinburgli. 
(10) HoUington Stone: A fine-gi’ained sandstone, 
white to grey in colour, from Utroxeter; u.sed in 
many large buildings in the Midlands — e,g, Drayton 
Manor and Derby Town Hall. (11) Kentish Rag : 
A sandstone of calcareous nature (i,e, containing a 
certain amount of carbonate of lime), from the 
“ Lower Greensand ” group of rocks. A light brown 
or grey stone ; fine, shelly, not very hard or durable ; 
extensively used in many buildings of modem date 
in the south-east of Engird. Quarried at Godstone, 
Maidstone, Folkestone, etc. (12) Longridge Stone: 
from the “Yoredale Bocks” of Longridge Fell in 
Lancashire. A durable sandstone; used in the 
north of England— c.g. Preston Town Hall. (13) 
Manley Stone : A sandstone found in Cheshire ; 
colour varies frr>m white to red ; used in the restora- 
tion of Chester Cathedral. (14) Pmietone SanAttmo : 
Yorkshire. Used for flagstones. (Ifi) Penrith Sand* 
etone : A bright red sao^tone from the ” Permian ” 


rooks. In many ways a good building stone ; used 
throughout the town of Penrith ^nd neighbourhood, 
and sometimes elsewhere, on account of its fine 
colour and appearance. It is not, however, very 
durable, as the dilapidated state of the old castles 
of I’enrith and Brougham in the neighbourhood 
clearly show. (16) St, Beed Stofio : Similar to the 
Penrith Sandstone in colour, durability, etc. (17) 
StancHffe Stone : Similar to the Darley Dale stone 
(q,v,) (18) Wheatwood Stone: A sandstone from 
Yorkshire, varying from a very fine grain to a coarse 
grit; durable. Examples: Whitby Abbey and the 
new University Library at Cambridge. — II. Stones 
USED IN Heavy Massney. (1) Aberdeen €h‘anite : 
A grey granite, extremely hard and durable. Prac- 
tically the whole city of Aberdeen is built of this 
stone, and it is also much used elsewhere, both for 
heavy work and also for ornamental work, on 
account of its fine appearance when polished, 
(2) Cornish Granite : One of the finest varieties of 
granite for heavy work. Examples of this Are found 
at l^ortland Breakwater, Eeyham Dock, Commercial 
Docks (London), the London Docks, and Waterloo 
Bridge. From the granite found at Cheesewring^ 
Westminster Bridge and the Thames Embankment 
are built. (3) Bartmoor Granite : A greyish granite 
used in largo work — t\g, Loudon Bridge. (4) Mount 
Sorel Granite : From Leicestershire. A very hard 
granite, diflicult to quarry, and therefore expensive. 
Slucb admired for its warm rose tint, and therefore 
used in ornamental work, as well as in work requiring 
great durability, such as mving. (5) Peterhead 
Granite : Fine rod granite of very close texture. It 
can be obtained in vciy large blocks, and is therefore 
suitable for (;olainiis. A good example of the latter 
('an be seen in the columns of the Carlton House 
(flub in Loudon, and students should also inspect a 
large vase of the same stone in the vestibule of Ihe 
M((seum of Practi(jal Geology. (6) Sha^ Granite : A 
verj' fine granite, with large crystals of red felspar. 
This stone is regularly worked for ornamental pur- 
poses, and takes a very high polish. (7) Syenite: 
This is an igneous rock very similar to granite, from 
which it is distinguished by the fact that little or no 
free quartz is found in ti. Mount Sorel in Leicestershire 
is cue of the best knov/n English quarries. A fine 
syenite from Norway, whose colour varies from grey 
to dark green ; is- very much used in England for 
panels and decorative work, especially in the fronts 
of many modern hotels. This syenite contains large 
ciy'staU of iridescent felspar, and its appearance 
when polished is extreniely fine ; the crystals of 
felspJir reflect the light to a very considerable dis- 
tance. (8) Porphyry : An igneous rock containing 
large crj.stals, chiefly used for ornamental purposes. 
An English example is known as LuxuUianite, from 
Luxullian, in Cornwall. This stone is used in the 
sarcophagus of the Duke of Wellington at 8t. PauTs 
Catliedral. A more celebrated porphyry is the 
Egyptian one quarried near the first cataract of the 
Nile, and much used in ancient work in Egypt. 
(9) Basalt : A dark-coloured, heavy, and close- 
grained eruptive rock. Chiefly used for ornamental 
purposes, but occasionally for heavy building 
work. — III. Most of the above stones are fre- 
quently used for decorative purposes, as has been 
noted under each example. The following, how- 
ever, are rarely used for any other purpose than 
decoration (A) Alabaster : , This is a form of 
Gypsum (^.v.) It takes a fair polish, and is 
very often beautifully veined ; but as it is very soft 
and not at all datable, it is qnly suitable for internal 
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decorative work, such as panels, vases, etc. (B) 
Mai'bleg : A marble is a granular limestone 
capable of taking a high polish. Marbles used in 
statuary work are treated elsewhere. See STATUiiBir 
Mabblbs. The following are amongst the com- 
monest forms used in building (1) Angleaea Marble: 
A grained marble, containing also a certain amount 
of serpentine (2) Black Marble : Found in 

Ireland, at Galway and Kilkenny. (3) Berbyshire 
Marble : Occurs in a variety of colours, and is fre- 
quently finely marked. Much used in mantelpieces 
and other decorative work. (4) Devomkire Marbles : 
Both black and white marbles are found in North 
Devon. In South Devon marbles of various shades — 
grey, red, green, and rose — are found, and are worked 
for columns, panels, chimney pieces* etc. (5) Purbevk 
Marble : Blue or grey, containing shells and other 
fossils. Some good examples of this are seen in the 
Temple Church, London. (6) Foreign Marbles : There 
are an enormous number of these. Some of the best 
forms oociflr in Greece and in Italy, at Carrara and 
Massa, near the Bay of La Spezzia. (7) Serpent hie : 

A tine stone of dark gi’ey, variegated with other 
slmdes. Worked at the liizard, in Cornwall* for 
columns, panel.s, and many varieties of small 
decorative work. The so-called “ Counemara mar- 
ble " is a sorpentinous marble. — The geological 
nature of the aVx)ve rocks will be found described 
under the respective headings, as are also the 
constituent minerals of each rock. 

Building Up (Bng.) Making an object of a number 
of small pieces lirmly attached together; thus large 
patterns are built up of glued piece.s, and forgings 
arc soinetimcvs made out of a number of .«:raall pieces 
of iron welded together. To obtain the greau^st 
strength, the CA)mponent piei'cs are fir>t arranged 
with the ‘grain or fibre of alternate layers at right 
angles to eacli other. 

Built Up Ribs {Carp.') lUbs {g.r.') composed of 
curved pieces nailer I together .side by side. A 
laminated truss. 

Bulb {Jiotemy). A specialised subterranean bud, 
consisting of a disc (stem) bearing overlapping 
succulent leaves. 

Bulb Bars (Am//.) Bars of iron rolled with a bead 
parallel to their length* usually along one edge. 

Bulge. An irregular protuberance. 

Bulging Stress etc.) The force tending to 

pnxliiee a bulge iu sheets or plates, whether ('urved 
(as in a boiler) or flat. 

Bulkhead. One of the upright partitions that 
divide the cabins in a ship ; or tl.nt divide the 
hold into separate watertiglit compartments. The 
Collision Bulkhead is that nearest the stem or 
bow of the ship. 

{Carp.) The match boarded space which 

lights tlie basement umler the stall board {qr.) 
in a shop; also a general tenu for a partition. 

Bulla {Arehoiol.) A boss of metal* or even leather, 
worn by freeborn and ndble Homan children until 
the age of seventeen, when thev assumed the toga | 
virilU, 

Bull Dog {Met.) A mixture containing iron 
oxides, silica, etc., used for lining puddling fur- 
naces (y.r.) The operation is termed “fettling."’ 

Bulling Bar {Mining). A bar used as a ramrod 
for tilling cracks with clay before blasting. 

Bullion {Bifid,) The same as boss (^.t^) 


Bullion (Cost) Heavy ornamental fringe, goner* 
ally consisting of silk fabric covered with go^ oit 
silver wire. 

(ATst.) Precious metal in ^ the mass as 

distinguished from manufactured articles or coined 
mone}'. 

{Mining). Pig lead which contains a certain 

amount of precious metal not yet separated by 
refining. 

Bullion Point ( Olagg Mamifac.) The extreme end 
of a bulb of glass which is being worked on a blow* 
pipe. It is im]>ortant that the bullion point bo kept 
in line with the blowpipe during the early stage of 
manipulation. 

Bullnose. A small metal rabbet plane, having 
the mouth or opening cIo.se to the front. 

Bullnosed Bricks {BvUd.) Bricks' having one 
angle on the end rounded off. 

Bullnosed Step {Carp, and Join.) A step with a 
rounded end. 

Bullock Gear, Horse Gear. The device used for 
driving machineiy by animal power; the animal 
rotate.^ a verti(;al shaft by means of a long lever, to 
which it is yoked. 

Bull’s Eye {Build.) A small circular opening or 
window. 

Bundle. In the cotton trade, a standard weight 
of cotton yarn consisting of a variable number of 
hanks* at*cording to the count.s* but always weighing 
JO lb. in the grey state. A shipping bundle is some- 
times 5 lb. 

{Linen Manufac.) A standard length of 

00,000 yards, containing two hundred cut.s of yam, 
is called n bundle, anrl it is by the bundle tliat linen 
yarn is usually sold. 

Bunkers {Eng.) The sjmccs in which the coal for 
u-sc on the voyage is kept in a steamship; sometimes 
the term is applied to a similar receptacle for use on 
land. 

Bunsen Burner. A form of gas burner used when 
a hot but non-liuninoub flame is required — e.g. burners 
for laboratory purpostvs. ga.-. stove.s and furnaces, and 
for heating the ^Mantle (^.?’.) 

employed in the various forms of ^ 

imiandcscent gas lighting. The ® 

essential principle of this form of 

burner is the mixing of the gas, 
before it reaches the jet whore it 
burns, with a suflicient supply of air 
to secure complete combustion. The 
gas enters by a tube c, aatl in ru>h- j 
ing up the tube A it draws in a con- 
tinuous supply of air through the 
opening D, thti size of which can be Q 

regulati'd in order to control tlie 
air supply. The mixture burns at B. /\ I 

la gas stoves the end B is closed, I 

and a row of holes is ])ierced along C I 

the tube A, at each of which a por- ^ J 

thm of the gas burns with a small ^ A r 

blue flume. Occasionally the burner ■T 

“ strikes back '* — i.e. the gas catches 
light and burns insitle the tube A. Bunbek BuairEa* 
When this happens, the gas should 
be t\irncd ofl! and relit, as ac?etylene and other gases 
are produced, which are injurious and liable to 
explode. 
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BmiBca Call. ^ 

.Bniueii Flame. JStfe Flame. 

BsitsenV loe Calorimeter (Heat) Apparatus for 
measuring the heat given out by a body in cooling to 
(f by observing tiie aiuount of ice melted by it. 
The ice is protected from external action by the 
vessel in which it is contained being surround^ by 
a second vessel, also containing ice ; this absorl)s 
any heat from the room, and prevents it from 
reaching the inner ice chamber. 

BttOten’s Photometer (Light), Essentially a sheet 
of paper with a translucent grease spot in the centre. 
When the sheet is equally illuminated on both sides, 
the spot is indistinguishable ; if the spot is viewed 
from the side which is less illiuninated than the 
other, it appears brighter tlian the paper ; if viewed 
from the brighter side of the paper, it appears 
darker, owing to the light passing through the spot 
instead of being reflected. See Photometers. 

Bimoen Valve. A simple arrangement for allowing 
gas to pass out of an apparatus and preventing air 
from entering. It is made by attaching a piece of 
rubber tubing to the end of the glass delivery tube, 
cutting a slit in the rubber loilgwise above the 
delivery tube, and pushing a piece of glass rod into 
the rubber tube as far as the slit, so that tlie rod 
extends the whole length of the slit. 

Bimter ((ieal,) A German name originally applied 
to the variegated and spotted strata occurring in the 
Upper New Bed rocks. It has now c.ome to be used 
for the lower division of the Trias (or Upper New 
Bed), which commonly shows the variegation to 
which it owes the name. Similar variegations, how- 
e^'e^, occur in the sandstones of the Lower New Bed. 
or Uyas, as well as in other rocks which have been 
formed under desert conditions. 

BuntonB (Hining), Horizontal timbers across a 
shaft. 

Buoy {Marine Eng.) A hollow float ancliored to 
the sea bottom ; used to mark a shoal or to provide 
moorings for a vessel. 

Buoyancy (Phgs, etc,) Loss of weight due to 
immersion in a fluid : the upward force exerted on 
a body by a fluid In which the body is wholly or 
partially immersed. The force is equal to the weight 
of the fluid displaced, and in the case of a floating 
body is equal to the weight of the body itself. 
aUo Reserve op BT;oYA^'cy. 

Bup. See Bubr. 

Burden (Met,) The charge given to a furnace. 

Light burden ” denotes excess of fuel ; “ heavj^ 
burden,” excess of ore. 

BurdiehouBe Limestone ( Geol,) A band of lime> 
slope of peculiar type, wliich occupies a position 
about balfway up the LK)wer' Carboniferous rocks of 
the bafdn of the Forth. It is a flnely laminated rock, 
which oonsists of alternate thin bands of chemically 
precipitated oolitic limestone, and others of a 
mtominons shale of the nature of oil shale, it 
underlies the chief part of the Otl Shale Series. 
Ithas loi^ been celebrated on account of the well- 
preserved fossijB which have been obtained from it. 

Burette (Cham,, Phge,) A graduated glass tube 
with some form of tap or stopcock ; it is fixed verti- 
cally in a stand, and used for measuring a volume of 
liquid which has to be run into a vessel placed 
beneath the stopcock. Burettes capable of measur- 
ing from 5Q to ICO cubic centimetres are much used 
in volumetric analysie. 


Burganety Bnrgonet (Armawr), A helmet with 
a small visor, so constructed as to permit the head 
^ing turned either to right or left without the neck 
Becoming exposed. First used by the Burgundiana 

Burial {Ilggione), Places used for the j^rpose 
are sometimes offensive. This condition is brought 
al>out by the decomposition of animal matter, and 
is intensified by the agglomeration of Imdios; Sick- 
ness is frequently caused by the eontamination 
of both air and water. Burial grounds are umler 
the control of the sanitary authority or burial 
board, who are authorised to make bylaws for the 
management, etc., thereof. They, fall far short of 
crematicjn in hygierfio value, aUe CREMAtiON 
and Sanitation (Dtspobal op the Bead). 

Burin Graver (Engrav.) An instrument of 
tempered .*?teel, with a .square or lozonge-sbaped 
point, used for engraving copperplates. The furrows 
out by the squai e-pointcd instrument am broad, and, 
not being deep and therefore not holding^uch ink, 
they give a grey print. The handle of the instru- 
ment is flat on one side, so that it can be held close 
to the plate when being used. ^ 

Burlap (Dec.) A coarse fabric stained in a 
variety of colours, and pasted upon a wall to give a 
uniform but brokt^ii surface. Hand stencilled friezes 
done directly upon the malerial arc often used where 
a refined and uncommon decoration is desired, 

Burner (Motor Cars^ etc.) Oil (paraffin, petrol, 
etc.) is forced by air pressure or a small pump 
through coils of heated tubing, in which it becomes 
vaporised, to a gas burner, usually of the Bunsen 
tyj)e, giving a hot flame with very complete com- 
bustion. I'he vaporising cdils roust be heated when 
first starring the burner ; but, once started, they arc 
kept hot by the buijner itself. See aho Oifl Fuel. 

Burnett’s Fluid. A solution of zinc chloride of 
specific; gravity 2. It is used as an antiseptic. 

Burnett’s Process (Eng., etc,) The soaking or 
impregnation of timber with a dilute solution of 
zinc chloride, to increase its poweia of resisting 
atmospheric influences. 

Burning {Eng., Met.) Oxidarion of iron by 
keeping it too long at a welding heat. Burnt iron 
is practically useless. 

Burning Back (Motor Oarx), The lighting of the 
vapour in an oil burner behind the jet in the tube of 
the burner. It is a somewhat flangeious occurrence, 
and the .supply of fuel should be cut off at once, and 
the burner relighted after it has cooled down slightly. 

Burning In Kiln (Crlaex Manufac.) A kOn used 
for bunmig in stain or enamel decorations on 
glass. It is generally heated by gas mixed with 
atmospheric air. 

Burning Off (Dee.) Old paint work burnt off 
with a blow lamp. 

Burning On (Foundry). A process of adding a 
fresh part to an injured or incomplete casting. A 
stream of molten iron is allowed to run through the 
mould of the new part of the casting until the surface 
where the junction is to be becomes fused. The flow 
is then stopped and the fluid metal in the mould 
allowed to cool. The process produces a kind of 
•* weld.” 

Burning Gut of o. HAchino (Meet Eng,) The 
destruction of the insulation by overheating of the 
conducting wires of a dynamo, or motor, when too 
large a current passes. 



mm 


7t 


BUT 


Iftitmltli {Bind.) The gloss on the edges of a book 
produoeci by a bumisbing tool. 

INiniiBlier {Mngraf9») An instrument of polisheij 
steel 'with a blunt edge» used to reduce, soften, or 
remove faulty lines on an en^aved cojjperplate. 

Buriiallintf. ;Froduciug the highest state of finish 
on a surface by means of rubbing with special tools, 
usually of very bright smooth steel; but various 
atones, s.y. agates, are also used. 

— ~ {Photo.) Effected by passing prints be- 
tween {wlished steel rollers, or else by allowing 
the print to dry in close contact with a polished sheet 
of glass or ferrotype iron. • 

Burnt Ballast {Build.) Clay that has been burnt 
(calcined). 

Burnt Iron or Steel {Eng.^ MH.) Metal which has 
absorbed an excess of <^rbon by contact with the fire 
at a great heat. It is valueless. 

^ Burnt 9lit ” Lace* Izn itation guipu re and similar 
laoo made upon the embioiderj' machine. A woollen 
foundation is used to build the lace upon, this foun- 
dation being afterwards “ burnt ” or di.ssolved away 
in a solution of caustic soda or other chemical. 

Burnt Bienna {Paint.) Sienna earth is burnt and 
is converted into a pigment of a fine orange-rod colour. 
Used both in oil and water-colour painting. See aUo 
SlEXNA. 

Burnt Umber {Paint,) Cmber is burnt and 
graund, producing a pigment of a reddish-brown 
colour. See aho Umbkr. 

Burr {Eng}) The turned up and ragged edge of a 
piece of metal after (mtting or grinding. 

(Engrav.) The tidge of metal raised on 

the edges of a line by the cutting tool, generally 
removed, partially or altogether, by the scraper. 

Burra Burra Copper {Met.) A blue form of 
Malachite or copper carboiuite ; a copper ore from 
Australia. 

Burrs* Sr Bbicks, 

Bursting {Eng., etc.) As applied to pulleys and 
grindstones, it denotes a fracture due to the stresses 
set up by centrifugal forces when the object is 
rotating at a high speed. 

Bush {Eng.) An anti-friction lining for a bearing, 
in one piece, very often ca.st in nifv. 

Bushel. See Weights and Mp:asubes. 

Buskin. (1) A half boot reaching to the knee, 
worn in classic times. Diana, Bacchus, and Mercury 
are frequently represented wearing buskins. (2) The 
thick-soled boot worn by actors in ancient Athenian 
tragedy, known as “ Cothurnus,” and distinct from 
the sock ^ or low’ shoe worn by comedians. Hence 
“busldn*’ refers to the tragic art. (3) Also worn in 
the middle ages, especially by kings at coronation. 

Bustle {Paint.) The opposite to repose. Absence 
of quiet and harmonious tones in composition of a 
picture. 

ButaneSi There are two isomeric butanes 

— n‘2. Nobmal Butane, CH^CH^CHjjCHs, and Be- 
CONDAEY Butanb (also called trimethylmethanc), 

CH^ — CHj. The first bgils at 1® and the second 

at 7 - 17®. Kormal butane occurs in petroleum, and 
can be obtained by heating ethyl iodide with sodium. 
The aec^d is obtained from tertiary butyl alcohol 
by making the iodide, and reducing this with nascent 
hydrogen. They belong to the paraffin series of 
hydrocarbons. 


Butt {Leather Manufao.) The best part of 
tanned hide ; the back, after the belly and shoulderii 
have been cut off. Used for soles of boots, belt&g, 
and heavy Harness. 

Butt Couplliig {Eng.) See Box Coupling. 

Butt Ended Spoke {Cycle). A spoke which has 
been*^hickcned at the end before cutting the screw 
thread on it, in order that the strength of the 
screwed part may be as great as that of the rest of 
the spoke. 

Butter {J^idn). Is made from the fat of milk hy 
churning. ‘It is an article of food unfortunately 
very liable to adulterat ion. This is ordinarily done 
by admixture with other animal or vegetable fats. 
Occasionally potato and other starches are added. 
Water in quantity ex(*eeding 16 per cent, is also 
regarded as adulteratitm. Composition : Fat, 82 to 
87 per cent, ; casein, milk, sugar, *5 to 1*2 per cent, 
together; water, 9 to 15 per cent.; ash (including 
salt), lass than 2 per cent, if the butter is “ fresh,” 
or 2*1 per cent, and over if salt.” The fat consists 
of compounds of glycerine witli the following fatty 
acids: i>almitic, stearic, oleic, butyric, caproic» etc. 
Butter owes its (distinctive charaotemtics to about 
7*8 per cent, of the glycerine compounds of butyric 
and caproic acids, etc. Butter is also adulterated 
with preservatives and colouring matter. The 
usual preservatives are boric aedd and borax, or both. 
The colouring matter may be annatto, or ** butter 
yellow,*’ wliich is dimethylamidoazobenzene. 

Butterfly Valve (Eng.) A couple of flap calves 
with their joint between them, like a common hinge. 

Butt Joint {Carp., etc.) A joint at right angles to 
its length. A plain joint without tongue or groove. 

Button {Et^.) The piece punched out of a plate 
by the punching machine. 

(Watchmaking). The knob fixed to the 

winding stem of a keyless watch. 

Button Headed Screws {Eng.) Small screws 

with hemispherical heads. 

Buttress (BuHd.) A mass of brickwork or masonry 
to prevtuit a wall being overturned. It acts as a 
permanent strut or Hhobe (g.v.), and resists any 
thrust in an oulw'ard direction, i.e. at light angles to 
the plftnc of tlie wall. 

Buttress Threads {Eng.) A thread whose section 
is a right-angled triangle, one face being at right 
angles to the shaft. They are used in screws which 
are to resist a force wliich is alw-ays in one direction. 

Butt Riveting {E^tg.) A riveted joint where the 
plates touch at the edge only, and a strip overlaps 
and is riveted to both of them. 

Butt Strip {Eng.) The strip of plate used to cover 
a butt joint. * 

Butyl Derivatiyes. Compounds containing the 
groiq) C\Hg, derived from either of the two butanes 
{see Butanes) by subtracting one atom of hydrogen. 
Thus isobutyl carbinol, the principal constituent of* 
ordinarj^ amyl alcohol (r/.-r.), would be C 4 H» . CHjOS 

Butyric Adds, C^HgOj. Only normal butyric acid* 
GH,(’H„CHg060H, is important. It is, a rancid- 
smelling liquid boiling at 163®; soluble in water, 
alcohol, and ether. With alcohol and sulphuric acid 
it gives a smell of pineapples on warming. It is the 
('baracteristio acid of butter (g.e.) Formed in the 
fermentation of stareh, sugar, and lactic acid by 
certain bacilli ; on this account it is found in the 
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^ intestines. pe synthesised from ethyl eoeto- 

, ftoetate (^.r.) The smell of rancid butter is largel|^ 
due? to this acid. 

.^atyito (a<-»».) (?H,OOC.C,H, v, 

CHO&.C,H, 

LhjOOC.CjH, 

the glycerine compound of normal butyric acid ; 
forms one of the fats of butter (4‘(>7 per cent, nf 
hatter fart.). » 

B«W*G« The Birmingham Wire Gauge. 

See Wire Gauges. 

By Piquets ( lAqwr). See GAB MANUFAC- 
TURE Waste Pboductr. 

‘ ByiSHB (Zoology), A mass of axlhesi^e threads 
Weemtei} by a gland within the body of man}* bivalve 
‘ shellfish. The byssus (“ beard serves as an organ 
of attachment. 

Bysantine Architecture (Architect,) This style 
of architecture was developed at Byzantium in the 
fifth century a.d. The chief characteristics of 
" Byzantine architecture are the extensive use of the 
dome and pendentive over large spaces : interiors 
richly treated with marliles, mosaics, and incised 
ohiament. The finest example is the church of 
Jlagia Sophiti (a.d. 532 — 538) at Constjintinople. 

. Byzantine Art. Greek and Roman art modified 
by Christian thought. Developed at Constantinople 
about 300 A.D., and during the Middle Ages was 
widely identified with all kinds of art, especially in 
Italy. It depended much on colour for its effect, 
and abounded with Christian emblcm.s, 

Byzantine Binding. Binding executed by the 
monks principally, before the invention of printing. 
Books being at this time extremely valuable, the 
bindings were often richly ornamented with paintings, 
gold and silver work, and even jewels. 

Byzantines (OoiTis). See Bezant. 


C (Chem,) Symbol for Carbon (^.r.) 

(MuHc). The first note in tlie scale of C. Its 

Bol'fa name is Do, Doh, or Ut. 

Ga (niem.) Symbol for Calcium (g.v.) 

Caaba. The name given to a stone building 
situate within the great Mosque at Mecca. Regarded 
with great veneration by Mohammedans as contain- 
the Black Stone or Keblah, presented by the Angel 
Gabriel to Abraham on the occasion of the building 
of the original Caaba. The entire building is some- 
times called by this name. 

Gab (^ny.) The shelter provided for the driver 
on a locomotive. 

^.Gabinetmaking. The construction of the better 
«lass Qf< fnr 4 )tare. It is distinguished from Joinery 
by the^greater variety of woods used, move elaborate 
ornamentation and finish, tlie use of .Vknkeb (^.r.), 
and ihe difference in the construction of the joints, 
^fiese are often much less scientific than in joinery, 
as neatness and general finish arc of greater im- 
portance than strength. 

Cabinet Pieture. A small painting, generally 
highly finished, and admitting of close inspection. 

GaUliet Size (Photo,) A print of which the size 
when finished is about 4 in. by 6 in., i,e, somewhat 
less than a Half Plate (q,v.) 


I Ciable (ArehUeet.) A convex monjldbog used on 
the lower part of the flutes of a oolamn. The cables 
are usually onc-tbird the length of the shaft in 
height. They were not used in Greek work. 

(Elect, Eny.) A heavily insulated wire or 

set of wires, often protected from injury by a very 
strong covering. Used. to convey large currents for 
lighting and power, or for the sm^l currents required 
in telegraph or telephone work. In the latter cases 
a number of sejiarately insulated conductors are 
often included in the one cable. 

(Eng,) A stout rope of either hem^ or steel. 

The name is also ap]||^ied to a chain, especialiy that 
to which the anchor of a ship is attached. 

(Measure of Length), See Wexghtb and 

Measures. 

Cabled Column {Architect,) A column in which 
cables are used. It is also known as a Rudented 
Column. See Cable. 

Cable Laid Rope (Eng,) A rope formdh of several 
ordinary ropes, the whole being twisted in the direc- 
tion opposite tf) tlie strands of the individual ropes. 

Cable Moulding (Architeei,) An enriched moufd- 
ing consisting of a torus carved to represent a rope, 
used in Norman architecture. 

Cable Railway (Civil Eng,) A cable extending 
the whole hjngth of tlie track is placed either over- 
head or underground in a slotted conduit. The cars 
are drawn along by means of a clutch, which grips 
the cable when required, and releases it when the 
car is to stop. Cable railways are most suitable for 
short straight inclines. 

Cable TramcaPB (Civil Eng.) These use the 
central slot system. The cable runs in a roomy con- 
duit under tlie .slot, and is supported by pulleys 30 
or 40 ft. aimrt. The clutch, when it seizes the cable, 
rai.ses it al>ovc the level of these pulleys, and so 
passc.s them freely. Tlic cable usually runs at 5 to 
\) miles an hour. The most extensive system of 
cable tramenrs in Great Britain is that of the city 
of Edinburgh ; two of the most hilly^routes in the 
city have been worked on this system for a long 
period, and in recent years the whole .system has 
bcjcn tlius equipfied 

Cable Way* (Cit^il Eng.) Overhead cables, suit- 
able for haulage of materials. The cable and gear are 
c.arried on trestles, which can, if necessary, be erected 
on broken and irregular ground, or carried over 
streams or ravines. The system is extremely useful 
for the carrijige of materials used in the erection of 
bridges over wide rivers. 

Cabling ( Cotton Spviming). A process of doubling 
by which separate gi'oups of threads are twisted 
together, then retwisted together so as to produce a 
round, even, and strong thread — e,g, sewing cotton 
thread. 

Caboched or Cabossed (Her.) Affronts or full 
faced. When the bead of the animal in a heraldic 
device is placed looking at the spectator and the 
neck is concealed; also c.alled Tbuncked. 

Oaboohon. A precious stone cut into plano-convex 
or concavo-convex form and polished, its natural shape 
being little altered; generally a garnet, ruby, sapphire, 
or amethyst. 

Cacao (Botany). A name often applied to 
hrovna Caeatt, a tree of tropical America. See Cocoa. 
and Theobromine. 

Cachou de Laval. See Dyeb and Dyeing. 
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OMod^fi (JJhem,) This word is used in ^two 
ways. (1) It is applied to the monovalent group 

As— , which has no independent existence, but 

enters into a number of compounds called after it, 
cacodyl compounds; e^g, (CH 3 ) 2 AgCl is Cacodyl 
Chlobide. (2) It is applied to the compound 

CII V 

formed by the union ot the group -^.s— with 

another group like it, and thus having the formula 
[(CH 3 '),As— Ab(CH,)jj]. This comjDound Cacodyl, 
obtained by heating cacodyl chloride with zinc, 
is a liquid which about 170°: takes lire in 

air ; its smell may induce vomiting : forms with slow 
access of air Cacodyl Oxide {(Ch3)jiAs}3,0-, a 
compound also produced when arscuious oxide is 
distilled with potassium acetate. The oxide boils 
about 160^ has an appalling smell, and behaves like 
a basic oxide. Cacodyl ("hlokide, (CH3),AsC 1, is 
obtained ^ action of hydrochloric acid on cacodyl 
oxide ; it is a liquid boiling about 100% and its vapour 
produces terrible effects on the eyes and fa^e when 
inhaled. Cacodyl Cyanidb, (("lyoAsCN, ob- 
tained by heating the chloride with mercury cyanide, 
is a solid molting at 83^; its va]»our is fearfully 
poisonous. C’ACODYLic Acid, (CH^^AaO . OH, is 
formed by the a<‘tion of mtTcuric oxii^e and water 
on cacodyl c^xidi- ; it is a delhpiescent crystalline 
solid. Its sodium salt is used in medicine ; it is 
fess poisonous and has tlie same use as arsenious 

oxide. The group behaves like a 

monovalent metal, an<l it is therefore an example 
of a compound radical 

/(’H,-Cll,-Nn, 

Cadaverine ( Chem,), CH * ( Penta- 

mffhijhtifdtamlne). Is found in* piuref\ing corpses 
and in many kinds ol putrid ticsii, it is also 
found in pure cultures of the cholera ba(’illus. It 
is a colourless syrupy liquhi boiling about 175’: 
has a peculi^ smell: fumes in aij . >uluh1e in water 
and alcohol. It ftirms salts with acid^, and is n diacid 
ba*je. It is not poisonous except in ver} large doses. 
Has been made artificially. It is a I^tomainb (^r.r.) 

Cadence (JUimr), The dose of n plirase, and the 
term applie<l to the two final chords of a musical 
phrase. There are four kinds . (1 ) PEKBi:rT, when 

the chord roots are llominaiit to Tonic. (2) Imper- 
fect, when tlicy are Tonic to Dominant. (8) Plagal. 
when the roots arc Rubdomiiiants to Tonic. (4) Ix- 
TKBRUPTCD, when the Dominant proct'cds to some 
other root than Tonic. 

Cadenza ( Mush'). A free figure (generally written 
in small notes) inlroducLMl before a close. 

Cadmium (f7/cw.), Ol. Atomic weight, 112. A 
white metal with bluish tinge ; molts at 820°; boils 
alout 770‘ ; its \apoar density shows it to have a 
monatomic molecule (g.v.) Easily soluble in hydro- 
chloric, sulphuric, and nitric acids ; burns in aii when 
strongly heated, forming a brown oxide, CdO. It 
occurs along with zinc, and comes over with the first 
portions of that metal when distilled frt»m its ores. 
To obtain cadmium, these first portit'ns are re- 
distilled and the product dissolved in liydrochloric 
acid and precipitated >)y sulphuretted hydrogen, 
when the yellow cadmium sulphide is tlirown down. 
The sulphide is dissolved in strong hydrochloric’ 
acid, precipitated by sodium carbonate, the car- 
bonate heated, and the resulting oxide distilled with 



carl^ Cadmium belongs to ;^he same ebemioal 
'^^famuy as zinc, which it closely’ resemWee; t^e chief 
distinction is the yellow sulphide insoluble in dUute* 
hvdrochloric acid. It forms a constituent of^PDfiiELE ^ 
METAL (i/.r.), and certain of its compoundii fuxwh 
valuable jngments. 

Cadmium Yellow (Dec.) A bright rioh yellow 
pigment made from a salt of the metal caamiuih 
by passing through it sulphuretted hydrogen, ^hie 
yields the pigment which is sulphide of cadmium. 
It is permiment in oil, tun^ntine, water,.and othet 
vehicles, ana may be mixed with any other pigments 
excepting white lead, the chromes, and those con- 
taining lead or (such as emerald green) co^jper. 
Made in three shades, Employed by artists and 
decorators, and rapidly increasing in use among the 
latter. 

Oadueeni CAirehafol) The staff 
carried by Mercury and symbolical of 
peace and prosperity. About it coiled 
two serpents, and to tho top were 
attached extended wings. 

CaduB (Areh^Dol.) A large jar of 
terracotta, used by the ancients for 
wine, oil, etc. 

CsBCum (^Zoology). A blind out- 
growth from the junction of the 
ileum and tlic colon. It is largest in 
herbivorous animals. The end of the 
cajoiim is termed the Vermiform 
Appendix. 

Calatura {Art)^ Latin for the art 
of carving bas reliefs, especially in 
metal: i basing or engraving. CAucoBim. 

Caen Stone* See Buildikg Stones. 

CeBlum, Cs. Atomic weight, 188, A white metal 
.spontaneously infiammable in air; it decomposes 
water. It belongs to the same group of elements as 
I»ota.’Hium, wliich it closely resembles chemically. 
This was the first metal discovered by spectrum 
analysis. Tt occurs in many mineral waters, and was 
first disetwered by Bunsen in the waters of DUrkheim. 
Its spectrum is characterised by two bright blue 
lines, and from this cjrcumstance it derives its name. 

Caffeine or Theine {(liem.) 

. Ni ,CO 

I I 

Ot‘5 M’-yNCH. 

• 

H,CN* *1' . "N 

Forms long silky needles ; melts at 2.33° ; sparingly 
soluble in cold water, readily in ht)t. It is a feeble 
base. Acts on the heart, and is a diuretic. It is 
contained in tea (3 to 5 per cent.), coffee U'3 pfn* 
cent. : coffee-leaves much more). These beverages 
owe much of their effect to this substancA It may 
be obtained from tea by treatment witli hol;^ milk 
«)f lime, evaporating, extracting vriih chloroform, 
evaporating tho extract, and crystallising from watcK 
Test, similar to murexidc test for uric acid (y.».) 
(lives precipitates with alkaloid reagents {g.v,) 

Ci^e i£ng.) The chamber or receptacle of a lift 
or winding gear of a mine ; it is often made large 
enough to accommodate a considerable number of 
men or of waggons containing the material «vhich is 
being remov^ from the mine. 



CAG 


80 


OAL 


Catfe Yalve {Mng.) A valve consisting of a 
Sph^cal ball fitting into a seat of snitable fbrt^ 
and provided witli a cover or cage of bent wire or 
bars, to prevent the loose ball from rising too far out 
of the seat. 

Caiaoaoic C^eoL) Another name for the Tertiary 
period. It is correlative with Azoic, Eozotc, 
i'AL.f;oz(>ic, and Neozoic (j.v,) In Britain it is 
osoally applied to all strata of newer date than those 
of Cretaceous age. 

Cairn (Areh^oL) A mound or heap of stones 
generally of conical shape. Sometimes erected over 
tile graves of the dead or in commemoration of sdinc 
remarkable e\rcnt. Cairns are also erected in moun- 
tainons districts to serve as landmarks and to indi- 
cate the jwsition of frontiers or other boundaries. 

Ga][nigon]i (Min.) A dark brown variety of 
QuabTz ( j'.r.) much used in jewellery. The varieties 
used for this purpose are naturally almost opaque in 
the mass, but the colour is largely discharged by 
boiling in oil. 

Oaiison {Mny,} A water-tiglit chamber sunk into 
the ground under water. Masonry operations such as 
laying the foundations of bridge piers are carried 
on from within. 

Caiihnesi Fl^s (Geol) The grey, micaceous, 
and somewliat bituminous flagstones which form a 
large part of the Orcadian Old Red Sandstone (the 
true Middle Old Ited) in Caithness ami Orkiie\. It 
is much quarried for pavements, and fur any other 
purpose to which fl^stones are usually applied. It 
yields a considerable variety of the fossil remains of 
the fishes which lived in the inland lakes of the 
period between that of the Upper Old Red and the 
Caledonian Old Red. 

Ci^epat {Botany). Melaleuca lencadmdron (order, 
Myrtacea?). A stimulant oil distilled from the 
leaves. The plant is a native of the Moluccas. 

Gal^gCoal* Coal with much bituminous matter. 
Used in forges and in gasmaking. 

Calabar Bean {Botany). Phyenst iyma venenasum 
(order, Leguminoea'). A West African plant who^e 
ripe seed yields the alkaloid Physostigmtne, used 
in me<iicine. 

Calamiaa {Miik.) Carbonate of zinc; ZnCOg; 
ZnO=64'8, C02=36-2 per cent. Oallo< I Sm ithsonitb 
by some American writers and others. Commonly 
found as iucrusting masses. It is the most impoitant 
ore of zinc. Colour white, greenish, or brown, but 
very variable. Its crystallographic form is rbombo- 
hedral. From Cornwall, Cumberland, Derbyshire, 
Uutafriessbire ; much also comes from Biie^<•ia, 
Carinthia, Spain, United States, etc. 

Galanda (i/tis/c). Decreasing the sound. When 
followed by a tempo it is used in connection with 
spe^d and means ctecreasing the pace. 

CaJanttea (AreheBol.) A headdress of Egyptian 
origin, consisting of a cRjse-fitting cap fastened by 
a band passing round the head. 

, Calatbaa A wickerwork ha.sket used 

by the Grecian women to hold their wool for 
spihnlng. 

Cakareoiia Rocks (Geol.) Bocks consisting 
wholly, or in part, of carbonate of lime. The term 
ihcludes all limestones and most true marbles, as 
wen as a considerable variety of sedimentary^ 
rocks inis whose composition carbonate of lime 
en^rs. K * 


Calocni (Atehceol.) A shoe or ball boot worn by 
the Romans. It differed according to the rank or 
official position of the Wearer, 

Caloiferoas fiandstoaes {Geoh} A term applied 
to the lower part of the Lower Car\>ouiferoua Rocks 
of the south of Scotland before their true geological 
position was known. They are chiefly of estuarine 
origin. They contain but little lime^ and consist 
largely of shales. The upper part of the roc^s in 
question is the horizontal equiv^ent of the Mountain 
Limestone, while the lower part is oontemporaneous 
with the Lower Limestone Bhale.s. Important groups 
of volcanic rocks occur in these strata in Sootlaqd, 

Caleination or RoSsting {Met.) Heating an ore 
without causing fusion. It is an important operation 
in connection with many oro.s, whereby various con- 
stituents {e.g. carbon, sulphur, arsenic, eta) are 
converted into gaseous substances and expeUed in this 
form ; in addition to this object, some ores are cal< 
cined in order to effect the oxidation of .the metal 
itsolf. '' 

Calcining Furnace {Met.) A reverberatory fur- 
nace (//.?*.) useil for cnlcination or roasting. ^ 

Calciphyres {GeoL') A terra .sometimes applied 
to certain ru,irbles which have undergone a con- 
siderable amount of META.MOEPHTSM (g.t\) and in 
which new silicates have consequently been 
; developed. 

Calcite {Min.) Calcdum carbonate in the rhombo- 
hedral form (c/*. Aragonite), CaCO,, CaO ~ 60, 
COj, = 44 per cent. Tt occurs crystallised in a great 
variety of forms, and mas.sive as STALACTITES and 
incrustations in (‘avus. The prire variety, lC£L.\Nl> 
Bpak, is very vaUiabh* on account of the demand for 
it for the mamifacturc of polimscopes. Oriental 
Alabaster ivs a stalagmitu; variety, and Is used under 
the name Algerian Onvx for ornaments. Calcite 
is a very common gangue metal (r/.v.)innietalUfer(ms 
veins. CaloHe shows very marked double refraction. 
It is very widely distributed all over the world. 

Calcium, C’a, Atomic weight, 40. ^One of the 
most abundant element'' ; contained in chalk, marble, 
limestone, dolomite, alabaster, selenite, etc, (g.v.) 
Lt is obtained as a brilliant white cry. stulline solid 
by heating calcium iodide with excess of sodium in 
an iron cnicible. The excess of sodium, whi«h, while 
molten, serves as a solvent for the cfilcium, is removed 
by gradually adding the contents of the crucible, 
wlien cold, to absolute alcohol. Calcium burns in 
air to form the oxifleCaO(QTTicK Lime), and rapidly 
coiijbine.s with water, forming Hlaked Lime, OaCOH)^. 
Heated in hydrogen it forms the white hydride 
OalL. 

Calcium Compounds. Caloium Oxide, CaO 

(Quick Lime), a white amorphous solid, combines 
with water to form the hydroxide Ca(OH) 2 , It i» 
obtained V)y heating the (carbonate or the nitrate; is a 
typical basic oxide. Calcium HyDROXiDK, Ca{OB).^ 
(Slaked Limb), is a white powder spiu-iugly soluble 
in water. The clear solution is called Lime WATER ; 
the turbid mixture of the hydroxide end water is 
called Milk of Lime, used in making mortar (g^v.) 
Both stolid and solution absorb carbon dioxide from 
the air. Calcium Chloride, OnCl^ : A White deli- 
quescent solid, prepared by dissolving the carbonate in 
hydrochloric acid and evaporating to crystallisation 
when CaClfiKjO is deposited. On beating the.se 
ciystals, CaCL ‘remains. Combines with axpmonia 
gas to form CaCl^SNH^ Used as a drying agent. 
Calcium Cabbokats, CaCO,: Natural foms are 
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chalky Umesto&c, i&arble, caloite, aragonite (j'.r.) 
Prepared by adding aodium carbonate solution to 
calcium chloride solution and washing the predpitate 
with water (Pheoipitated Chalk). Solubility in 
water less than 1 in 10,000; but in presence of 
carbon dioxide dissolves readily, owing to formation 
of Calcium Acid Cahbokats. Ca(HCOj)^. It is the 
presence of this latter compound that causes Tem- 
POHAHY Habdkbss in water. As it is decomposed 
pn boiling or addition of lime water, these operations 
i*emove temporary hardness. Calcium carbonate is 
decomposed, on heating, into quick lime, CaO, and 
oarl:>on dioxide; also it dissolves in acids forming 
carbdh dioxide, water, and thg calcium salt of the 
m;id. Calcium Sulphate, CaSO^ : Usually met with 
as CaS0^2H^0, iSife Gypsum, Alabastee, Selenite. 
A white solid soluble to extent of 1 in 480 of water. 
When present in water it causes 1'ebmanent Hard- 
ness. May be prepared b}' adding sulphuric acid to 
a solution of calcium chloride and washing the 
precipitate^ When Oypavm, CaSOa'ilTjO, is heated, it 
forms I^^ASTEB OF Pauis, 2CaSO^ . H.,0, which, when 
mixed with water, “ sets,** owing to re-formation of 
(4pS0^2H20. The sulphate heated with carbon forms 
Calcium Sulphide, CaS~, a white powder which, 
when exiKised to sunlight and then removed to a dark 
room, becomes luminous (Canton’s Phosphobus). 
CALciin« Phosphate, (pee PhOkSphoeite, 

Apatite, Estramadurite), is* tlie principal con- 
stituent of bone ash (^y.r.) May bo prepared by 
adding ammonia and solution of sodium phosphate 
to solution of calcium cldoride. Vhite solid, insoluble 
in water and soluble in acids. Wlion treated with 
sulphuric acid according to the equation Caj,(P04)- + 
2H28O. s=: CaH^(PO^)2 2CaSO^, the resulting mix- 
ture ot calcium acid phosphate and calcium sulphate 
is called JIupebphobphatb op Lime, and is largely 
used as a manure. Calcium Phosphide is obtained 
along with calcium phosphate w^hen vapour of 
phosphoms is ]:)assed over heated quick lime. Water 
decomposes it, forming spontaneously inflammable 
phospboretted hydrogen, which bums with a bright 
white liglit ; •lienee the use of tlie phosphide for 
signal lights at .sea. 

Calender (Paper Manvfav,') A stack of super- 
im^Kised rolls used for imparting a polished surface 
to finished paper. 

(Textile Manufac.) A machine used in the 

starching and dressing of cotton fabrics. It consists 
of .a number of rollers under pressure and in contact 
with each other. 

Calendered Paper. Paper with a glazed surface, 
generally used for the printing of illustrated works. 

Calender Rollers ( Woothi'orltlng'), The rollers by 
which wood is fed into various forms of wood- 
working machinery. 

Calf (Bitid.y A superior kiud of leather made 
from calfskin and used in bookbinding. It is 
frequettly coloured or marbled. See Vellum. 

, Box (Leather). See Box Calf. 

Calf Kid. Calfskins dressed with alum, salt, 
flour, and egg yolk. Afterwards dye<l black on grain 
side. Formerly largely used for uppers of boots. 

Calibration (Pltye., eto.) A determination of the 
oorreot value of tlic graduations of a scale or some 
measuring instrument; or a determination of the 
dimensions of an object which is to be used as a 
standard of measurement. 

Caliche (Ckem.) A name given to Chili Salt- 
petre : naturally occurring s^iam nitrate. 


Calioe. A cloth in which the e«rp and waft are 
^temately interlaced^ thus forming a strong abd 
OTmly bound cloth. It is used in its grey itate, 
also in the dyed, printed, and bleached states. Its 
method of interlatdng is known as a “ plain weave.** 
The name is derived from the town of Calicsut in 
India. 

Callga (ArchtBol.) The strong heavy shoe worn by 
Roman soldiers. 

Caliver (Arm.) A light gun resembling an arque- 
bus, but liaving a wider bore. It was used first in 
the sixteenth century. 

CUlx (Arohisol.) A shallow Grecian drinking 
cup hav ing two handles : hence chalice. 

Calking or Canlkl^ Filling the openings 

of the seams of a ship, boiler, etc., either by burring 
the edge of the plates or by driving in some 
substance to fill up the crevices. 

Calligraphy. Handwriting or penmanship. Per- 
haps the finest examples of handwriting are to be 
found in the manuscripts of the middle ages. 

Calliope (Png.) A modulated steam whistle used 
on American steamboats. 

Callipers. A tool for measuring the internal or 
external diameter of objects. Two varieties, known 
as Inside and Outside Callifebb, are commonly 
used : these resemble in principle a pair of com- 
pisses, but the legs are curved so as to turn the 
points outward in the first case and inward in the 
second. A more modern form consists of sliding 
trammels (^.r.) on a straight bar, resembling a pair 
of beam compasses (q.v,) The bar is often gradu- 
ated, and one of the trammels fitted* with a fine 
vernier (q:t .) for exact measurements. 

Callipygian Venni (Art). The name of a cele- 
brated statue of Venus in the Famese Palace, Rome. 

Calmato (Music). Calmly. 

Calme or Came (Bmldmg). The bars of lead- 
glazed windows, in which the glass is fixed. 

Calomel (Min.) Mercurous chloride, HgOl. It is 
rattier a rare mineral ; the di-ug of the same name is 
an ai’tificially prepared compound. See also Mebouby 
Compounds, 

Calopescenoe ( Heat, Light). The absorption by a 
substance ot radiation of a given wave length and 
its subsequent emissiou as radiation of less wave 
length; e.g. invisible infra-red radiations absorbed 
by a piece of platinum foil can cause it to become 
incandescent : the energy of the long and invisible 
waves is given off as risible waves of shorter wave 
length. 

Caloric (Phys.) Heat was at one time regarded 
as an elastic fluid, and the name Caloric was used 
to denote this substance. 


Calorie (Phye.) The unit of heat generally used 
in scientific work. It is (for most practical purposepi) 
tuo amount of heat necessary to raise 1 gram df 
water through 1" C. For very accurate work it 
is necessary to specify the exact temperature at 
wliich the water is taken, as the specific heat of 
water varies. The temperature most usually agreed 
on is 4*^ C., but other temperatures have been used 
from time to time. • . 


Calorific Value (IleaU etc.) The measure of the 
amount of heat obtainable from a given weight of 
fuel. It is usually fournl by direct experiment, the 
fuel being completely burnt and the evolved, 
measured by some form of caloi^mete^ 
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OaJorlmeter (Phys,) An instrument for measuring 
actual quantities of beat. In its commonest form 
it consists of a thin metal vessel, in which a known 
mass of water (or other liquid) is placed. The rise 
or fall in temperature of this liquid (due to the 
introduction of a hot or cold body) is observed by 
means of a thermometer. The vessel is usually pro- 
tected from loss or gain of heat through radiation 
by means of an outer vessel. See also Bunsen’s 
Ice Calorimeteb, Steam Calobimeteb, etc. 

Calotte etc,') A term for the smaller section 
of a sphere, not used in scientific phraseology. 
Also used to denote the small Skull Cap of an 
ecclesiastic. 

Calpis {Pot,') A Grecian earthenware vessel of large 
aize, having three bandies, used for holding water. 

Caltpap,GaltPop,orGalltrap(^lr<;Aie 0 f,^'f<r.) (l)An 
instrument of iron with sharp projecting points, 
laid on the ground in battle to wound the feet of the 
enemy’s horses. (2) A trap or gin. (8) Sometimes 
used as a charge in heraldry. 

Calumba Root {Botany), Jateorhiza ealumha 
(order, Mcnispci-niact^at). The tonic drug is prepared 
from the dried roots of a trailing plant from the 
forests ef East Africa. 

Calyx {Botany'). The outer whorl of floral leaves 
(Sepals) in a flower. It has usually a protective 
functiem. 

Cam {Eng,) An eccentric rotating plate, or a 
projection, or a slotted rotating shaft, used to produce 
some required reciprocating motion of an intermittent 
or irregular character. 

Camaieu. (1) The same as Cameo {g.v.) (2) A 
painting or engraving in monotone. 

Camall {Armour^ etc.) (1) The chain mail armour 
attached to the hascinet helmet, worn during the 
fourteenth and fifteenth (jenturics. It protected 
the sides of t he head and the neck, and covered the 
shoulders like a tippet. (2) A headdress which was 
worn by priests in winter. 

Camber {Build.) The extent to which a 
boriztjiital beam is curved upwards in the centre. 
For cast iron, | in. ; wremght iron and steel, ^ in. 
to every 10 ft. of span. Also a general expression for 
the amount of curvature of an arch, etc. 

Camber Arch {ArchUert.) An arch rising ^ in, 
to every foot of span, and straigljt on the top. 
In some cases the curvature is entirely omitted; 
the separate voussoirs then form a straight structure 
which serves instead of a single large stone or beam. 

Cambered {Carp^ Build.^ etc.) Raised in the 
centre : slightly curved or arched. 

Camber Slip {Build.) A mould or template {g,v.) 
used for cutting a camber arch. 

Cambium {Botany). The? layer of living formative 
tissue lying between the wood and soft bast of a 
vascular bundle in a Dicotyledon. The layer which 
gives rise to the cork is termed Cork Cambium or 
Phellogen. 

Cambrian System {Oral.) A group of ancient 
rocks, cbiefiy consisting of marine sediments, which 
waq^ formed after the ch)se of Arcliman times and 
before the Ordovician j^eriod. The lowest beds are 
usually characterised by* Tbilobites Ojf.v.), allied to 
Olewllvs, the middle by Paradoxidrjtf the upper by 
Olmw, These rocks are of great interest as showing 
examples of each group of invertebrate animals, even 
though they lie at or near the base of those which 
yield traces of life. 


Cambric* A fine light plain-texture linen material, 
more closely woven than lawn, and chiefly used for 
handkerchiefs. Originally msMle at Cambray in 
Flanders. 

Cambro-SilnriaB Rooka, A name applied by Jukes 
to the rocks now called Obdovigian (y.v.), which lie 
between the true Cambrian Rocks and those of 
Silurian age, and whose included fossils differ 
materially from those of the formations above and 
below. 

Camel Hair. This material is used for artists’ 
brushes. It is also a trade name for a kind of yam 
(‘imposed of wool ard hair, used in the weaving of 
driving belfc.s {q.v.) 

— ' ( WooUen Manu/ac.) The sorted hair of the 
camel usable in the manufacture of yam for weaving 
purposes. 

Cameo. Usually a design in relief, produced .by 
cutting to various depths into a su^tc^oe which 
consists of thin laminae of different colours. It is 
generally a shell (one of the Sfasteropode), but onyx 
is used also, 

Cam4oid {Deo.) A popular relief decoration for 
walls and ceilings, made by moulding paper 
materials. 

Camera (Mtuir). Secnlar, as distinguished from 
ChieSxI, sacred. Concerto di camera was for per- 
formance in a room; Concerto di ehimt for per- 
formance in church. 

Camera Lucida. An optical device by which a 
virtual image {q.v.) of an object (which may be a 
microscope .elide, etc.) is seen on a sheet of white 
paper placed underneath the instrument ; the image 
is usually viewed with one eye, so that a pencil can 
b<* u.scd at the same time to make a drawing of 
the object. The optical effect is usually produced 
by a pri-^m which causes total internal reflection of 
the rays ])rocfcding from the object. When used for 
drawing an object under the microscope, the prism is 
fixe<! at, or above, the top of the tube, vi*th its axis at 
right angles to the axis of the microscope. 

Camera Obscura. This consists of a convex lens 
fixed in an aperture in the centre of the wall, or in the 
roof, of a small rf)om from whicli light is excluded, 
an image of scenery outside being thrown by the lens 
on the opposite wall or on to a table standing 
lieneath the lens. The camera obscura is merely an 
optical toy or curiosity, on the principle of the 
ordinary photographic: camera. 

Camera, Photographic. See raoTOGBAFHic 

CAMERxV. 

Cameron’s Sewage System. See Septic Tank 
System. 

Campaign {Met.) Tlie period during which the 
lining of a blast furnace can lost. 

Campanes {Her.) Bells suspended to charges. 

Campaniform Capital {Architeet.) One of the 
types of capitals used by the Egyptians. Its form 
resen>blc8 tliat of an inverted bell or a fully 
developed lotus flower. See Hathob Headed, 
Clustered Lotus, Lotus, and Palm Capitals. 

Campanile (Architect.) A tower erected for the 
use of bf^lls. ^ The term is applied especially to the 
detached towers built for this purpose in Italy. A 
notable instance was the Campanile of St. link’s, 
Venice, now being rebuilt. 
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Oamphor (Ckimmon or Jajpaii Cunphop). A c<^oiir- 
leflfi trauBlucent cryjstalluie soHa; characteristic 
smell; melts at 175°; 
volatilises even at ordi- 
nary temperatures; sp. 
gr. *99 ; soluble 1 in 700 
water; readily soluble in 
oils, alcohol, etc. Alco- 
holic solution is dexiro- 
rotatory (j.r.) Used in 
medicine. It is obtained 
by distilling wood of 
camphor tree with steam, 
pressing and subliming 
distillate; also by oxi- 
dising Borneo Cam- 
phor with nitric acid. 

Yields Cymene (^.v.) when distilled with phosphorus 
pentoxide ; boiled with iodine, yields Carvacbol (q.v . ); 
reduction converts it 
into Bomcio camphor; 
oxidation yields chiefly 

Camphoric Acid, an H,C I COOH 

optically active di- 
basic acid. Artificial 
Camphor (so-called) 
is PiNBNB Hydro- 
chloride. C^oHi/^l; 
made by passing hydro- * 
chloric acid gas into 
well cooled pinene (jq.v.) 

It is a white crystalline 
mass with an odour like 
tliat of camphor ; melts 
at 125°. Borneo Camphor (Bornbol) is related to 
camphor as shown in the formiilie : 


H 




.COOH 


CH. 

CAMruonH’ Acii>. 


. /CO /CHOH 

r TT ' I ( ’ T1 i 

■ “Vh, ‘ “\c!h, 

Cainiihoi'. Bomeol. 

Its chief source is a tree, Clnnartwnmm camphora 
(order, Lanracetr)^ growing in Borneo and Sumatra. 
It is a white ^olid melting at 203^*, aud smelling of 
cami^hor and peppennint. Can be converted into 
and obtained from common camphor. See above. 

Gamptonite {Oeol.) A name given to one of the 
numerous varieties of Mica Trap {q.v.\ which in 
this case has affinities with the Diobites (j'.v.) It 
has a microgranitic ground mass, an<l contains plagio- 
clase and hornblende (^.r.) Much of -what used to 
be called Gamptonite would now be comprehended 
under the useful general term Pobphyrite. 


Camwood. See Dyes and Dyeing. 

Canada Balsam. A transparent resinous fluid, 
very viscous, and liardening into a clear transparent 
solid, whose refnictive index is about equal to that 
of glass, 1*53. It is obtained from the Balsam Fir 
of North America, Ahies halsamea (^Conifer te). It is 
much used in optics for cementing lenses together, 
mounting microscopic objects, etc. 

Canal ijfiioloqy). A hollow cavity or channel for 
the passage of a liquid or a gas through the tissues 
of an organism. 

— {Ciml JETig,) An artificial waterway with 
liOCXS (q.v.) for crossing raised ground, and a supply 
of water at its highest levels to compensate for water 
allowed to escape from the locks. 

Canary Orau. PlMlarU eanariefieU (order, Gror- 
mineof). The grass is extensively grown in England, 
and also imported from other countries. The seed is 
used for cage birds. 


Canary Wood. See Woods. 

Cancels (Pypog*') Pages that have been reprinted 
owing to an error, literary or technical. IJstially 
indicated by an asterisk at the foot of the page. 

Cancer^ Tropic of (Astron,) See Trofios. 

Candelabrum. A candlestick, generally an orna- 
mental one. A lM*ancbed candlestick holding a 
number of candles. 

Candle. Formerly candles were made from 
tallow by repeatedly dipping the wicks, suspended 
from a frame, into a tank of tallow kept in a liquid 
state by heat. Tallow candles are still made, princi- 
pally for use in mines and in workshops, a coloured 
thread being often introduced into the wick to 
distinguish the works in which they are used and 
to prevent pilfering. Candles are now usually made 
from stearin or paraffin wax {q^v.\ or a mixture of 
both, by moulding in special frames or machines. 
Sometimes small quantities of ozokerite cere- 

sine, and other waxes are employed. Candlemaking 
machines are mostly arranged in such a manner that 
a continuous supply of candles is produced. The 
wicks are run off from bobbins, passed through 
orifices, and are held exactly in the centre of a series 
of hollow^ cylinders equal in diameter to the caudle. 
The molten wax enters the moulds, cold water is 
then admitted into the space surrounding the moulds, 
aud quickly cools the wax, and the candle is formed. 
The candles are raised out of the moulds by means 
of a lever, the wicks following ready for the next 
moulding. Some machines make a conical (;ap or 
end to the candle to hold it more firmly in the 
candlestick. The wicks are usually plaited, and are 
treated with a solution of borax and sulphate of 
ammonia, w'hicb causes them to burn without 
guttering or leaving an ash. Candles are now made 
in a large variety of shapes and sizes, special mix- 
tures of waxes being employed for those intended to 
be used in hot climates. As illuminants candles 
occupy the lowest place, on account of the impurity 
they add to the air during combustion. A caudle of 
standard size yields on combustion nearly half a 
cubic foot of carbon dioxide^ and water. See also 
Artificial Illumination. 

Candle Flame. See Flame. 

Candle, Standard. See Standard Candle. 

Cane {Botmig). Calavim — various species (order, 
Palviw), Under the name of cane the stripped 
stems of various slender palms are imported for 
making chair bottoms, ba'^kets, etc. The term 
K ATT AN Cane is also employed. 

{Silk Manufae,) See Warp. 

CanephoruB, Canephora. In ancient Grecian 
fc-stivals one of the maidens who carried on their 
heads the implements of sacrifice, etc. 

Cane Sugar Occurs 

in juice of sugar cane (20 per cent.), of the beet (10 
to 20 per cent.), of the maple and other plants. To 
obtain the; sugar the juice is extracted from the oane 
or beet by a process of diffusion. It is then treated 
with milk of lime to separate albumins and mfu- 
tralise acid ; with sulphur dioxide to prevent fermen- 
tation; and then decolourised by filtration through 
animal charcoal. After concentration it is eva- 
porated in vacuum pans {qv,) till it deposits, on 
cooling, sugar crystals termed Baw Sugar. The 
uncrystallisable syrup is called Molasses. The raw 
sugar is refined by what is practically a repetition 
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of the above treatment of the juice, Bagar may be 
obtained from the molasses by a process of diffusion 
or by adding strontia (SrO), which forms a solid with 
the sugar St the molasses, insoluble in cold water. 
This solid (Cj^HaOjiSrO) is filtered, washed, pressed, 
suspended in water, and decomposed 5^, by carbon 
dioxide, giving insoluble strontium carbonate and a 
solution of sugar which can then be crystallised. 
Sugar is a white crystalline solid soluble at the 
ordinaiy temperature" in \ part water ; its solution 
is dextrorotatory (^.v.) Sugar melts at IfiO”; 
allowed to solidify, it forms barley sugar. Heated 
above its melting iK)int it loses water, and about 200^" 
forms a brown substance called (/ahamel, which is 
an indefinite mixture of compounds soluble in water, 
precipitated by alcohol, much UFe(i in colouring 
sweets, soups, etc. Cane sugar has no reducing 
properties (tf. Maltose and J^ctose), Dilute acids 

invert ** it— change it to a mixture of Dextbose 
and l^ABVULOSB {q,v,) by addition of water, C,5jH220,| 
+ HjjO = CijlIiaOu CfiHjjjOg. This mixture is laevo- 
rotatory, hence the term* inversion.” Yeast first 
inverts cane sugar and then ferments the dextro.so 
and lasvulose, forming chiefly alcohol and carbon 
dioxide. Cane sugar yields an acetate with acetic 
anhydride; a nitrate with nitric acid. Heated with 
excess of nitric acid, it gives oxalic ai'id. 

Cannel Coal. See Coal. 

CannetB Ducks without feet or beaks. 

Gaanon (En/jf.) In engineering, a hollow sliaft 
through which passes another shaft, which ha^ some 
motion independent of tiiat of the cannon. 

Cannon Pinion The pinion to 

which the minute hand of a watch is fixed. 

Canon (Art^ tSofe?wet eto.) Denotes rule or Ihw. 
It is applied to any art or science that is governed 
by fixed laws. The laws of the Church are called 
Cakons. 

(ifime). A composition in wliich th<f 

strictest imitation of the opening passage or pattern 
is maintaiiiod at various intervals, and may be in two, 
three, four, or any greater number of piirts. In 
some cases all the voices take part in Capon, as in t lie 
well known grace, Bynl’s “Non nobis Domino”; in 
other cases only a part of the voices are in Canon, 
whilst the accompanying parts are free, as in Tallis’s 
Hymn-Canon Glory to Thee, my l»od.” The study 
of Canon is especially useful to the student for Fugal 
writing. Canons are “ Infinite ” wdicn they lead 
back to the beginning, and “ finite ’’ when ending 
either naturally or by moans of a Coda. 

(,Typoff,') One of the largest kinds of type. 

^Tvpb. 

Canopic Yase or Canopus (Archmol.) A vase used 
by the Egyptians for preserving the viscera of the 
dead. 

Canopy {Architect,^ etc.) An ornamental roof ur 
covering over niches, etc., used in Gothic architecture. 
A covering or hanging suspended over a person or 
object. See Baldachino and Tabeunacle. 

Cant iCarp.., etc.) (1) An obtuse angle. (2) A 
slope, tilt} or inclination. 

Cantabile, Cantando (^Mmic). In a singing 
nmniicr. 

Cant Brick {Build.) A brick cut on the splay — 
at any angle other than a right angle. 

Gantharides (Ifool.) Cantharis v^siratoria (orfler, 
Coleoj^ra). The dried beetle Bpanis h blister fly ”) 
is luted in medicine as a blistering agent. 


Cantharus CPot.) A Grecian two-handled drink* 
lag vessel varying in form and dimensions. Bacchus, 
the god of wine, generally is represented with one.. 

Cantilever {Civil A projecting beam or 

girder, suT)ported at one end only; it is usually built 
into a wall or other structure. 

Cantilever Bridge {Civil Eng.) A bridge con* 
structed of two or more Cantilevebs which 
meet in the centre of the span, but do not depend on 
each other for support. The Forth Bridge, Edin- 
burgh, is the finest example of a cantilever bridge in 
the world. 

Canting {Eng.) liilting or causing a slope. 

Canting Arms ( Uer.) Allusive armorial bearings ; 
also called a Bebv.s. 

Canto Fermo {Music). Fixed song or melody; 
that meloily to wLiich other melodies are added in 
oounterix)int. 

Canton {Her.) A division of the shield, and one 
of the honourable ordinaries. It is placed in a 
corner of the shield, and its size is one-tliird of 
the chief. ^ 

Cantoned {Architect.) A term applied to a build- 
ing or pior which has its angles emphasised by means 
of pilasters, columns, or rustic work. 

{liar.) A saltire, or cross, jdaced between 

four chtorges is sai<l to be cantoned. It also 
denotes a single charge placed in the first quarter 
of the sliiold. 

Canton's Phosphorus {Chem.) See Calcium 
Sulphide, wuler Calcium Compounds. 

Cantoris {Music). That side of a choir on which 
the cantor, or chanter, sits. The opposite side to 
Decani. It is the left side, looking east. 

Canvas Wall Hangings {Dec.) A plain canvas 
material hn\ ing a speciall}’ prepared surface formed 
by rolling the fabric, and an adhesive backing to 
facilitate hanging on walls. Buulap, CbAisH, and 
Fabeikona are the best known varieties. Made in 
various colours, and often u.sod vvit^^, a stcmcilled 
frieze dune in bright colouis upon the fabric. 

Caoutchouc. I'he South American name for the 
Ctiagulated milky sap of sevoml plants of trojiical 
origin belonging to the order Evphorhiaceee. Thoiie 
are over fifty v arietio.s of Caoutchouc which may be 
rouglily classed in order of importance aa African, 
South and Central American, Asiatic and Oceanic. 
It is an elastic gummy tenaciou.s substance. Being 
impervious to the action of water and atmosphere, 
and largely so to a<uds and alkalis, it is used in many 
arts and manufactures. Originally used for erasing 
pencil marks, it is now very extensively employed 
industrially. The material is obtained "by cutting 
incisions in the trunk and collecting the juice ; it i» 
dried by raroful exposure in thin layers to the bent 
of a smoky flame. When pure it has the formula 
on distillation it yields Isoprene, 
undergoes oxidation on exposui'e to moist air in 
presence of light ; heated above 120® it softens, and 
docs not again become hard. It is soluble in benzene 
and its homologiies toluene and xylene, in turpentine, 
petroleum spirit, carbon disulpliide, chloroform, etc. 
Treated with chloride of 8ulx)hur or with certain 
metallic sulphides and sulphur {e.g^ antimony penta- 
sulphide, Sb^S^), part of its hydrogen is replaced by 
sulphur, and tlic product is Vulcanised Hubbeb, 
Vulcanised rubber deteriorates from slow oxidation, 
the rubber becoming brittle, owing to formation of 
resinous substances. See Rubbee. 
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Cap (Blttd.) An envelope of paper to protect the 
edge's of a book while being bound. 

— — {Builds) The coping stone on the top of a 
Bhaft or pier. See aUo Capital. 

(Carp, <vihd Join.) The turned end of a 

hatidrai] tlmt ia fixed on top of a Nbwel (^.v.) 

{Miff.) A general term in engineering for a 

cover, or the loose upper part of an object — c.ff. the 
iili])er part of a plummer block or shaft bearing, 
whh h holds the brasses in position. 

{G^aefittinff, etc.) A tubular cover with a 

female thread to stop the end a gos or water pipe. 

{Mining). Hook, covering the ore in a vein. 

Capacity, Electrical. The quantity of electricity 
required to charge a conductor up to unit potential 
{q.t\) ; or, in other words, the ratio of the charge on 
a conductor to its potential. 

Cap-a-Eie (A-rm., Her,) Completely armed, from 
head to foot. 


Caparison (.4m., He.) (J) Tlie defensive armour 
which w'as used for horscis. (2) Au ornamented cloth 
for covering a saddle : al.so the housings or trappings 
covering a horse, especially on Htatc occa&ions. 

Capers {Botany). The cjipers of commerce are 
the 11 )wer buds oi Cajtparis apinom (order, (Jappari- 
tlaacfe). The plant grows in Southern Europe. 

Capillarity. The sinface of p. liquid behaves as if 
it consisted of a thin film, capable of being stretched 
to an infinite extent, but always exerting the same 
tensile fonje across each contiinetre. This fojx;o is 
called Surface Tension ; its value varies wdth 
'diffc'ront liquids: for water it is 81 dynes per centi- 
metre, if* the water is clean and in contfict with 
air. If a solid which is not wetted by any given 
liquid is lai<l upon it, the cxi.^rcnce of this film 
becomes apparent ; for example, a piece of iron 
laid upon men'ury shows clearly the kind of holloAV 
which would be produced by an object lying on a 
slightly stret»*]ed membrane, and the same thing 
can even be seen if a needle with a slightly greasy 
surface be laid upon water, when it will remain 
held up above the surface, which can be seen to 
curve down under it. If a tube be pushed down into 
a liquid, one of two things will occur. If the liquid 
docs not wet the tube, as in the case of a glass tube 
plunged int^ mercury, the* level of the liquid inside 
will be lower than the level outside. Tliis is termed 
Oapillaby DBPKBS.S10N. The greater the diameter 
of the tube, the less the depression. This is much 
the same result as would obtain 
if we pressed a similar tube 
down on a stretched elastic 
membrane. The analogy, how- 
ever, is not completely true', as 
the hydrostatic pressure ijf the 
liquid has to be taken into ac- 
count. Tlie efEeot of this is 
shown in fig. 1. A is the level 
of the liquid outside the tubq 
and B the level inside. At the 
level B there is a hydrostatic 
pressure upward, due to the 
column of liquid of height ab. 

In the absence of any tension 
of the film on the surface the liquid at b would rise 
to the height A, and become equal inside and outside. 
But as the tension is present, the liquid inside rises 
to such a height that the upward pressure is just 



balanced by the downward force due to the t^sipn 
of the surface. In fig. 2 is shown the case of a tuW 
immersed in a liquid which wets 
its surface. In this case the 
liquid tries to spread itself out 
over the greatest possible amount 
of surface of the tube, and this 
results in an upward force at AA, 
which draws a column of liquid 
of height ab up the tube. The 
upward force clue to surface ten- 
sion is exactly counter-balanced 
by the downward force due to 
the weight of a column of liquid 
AB. if r is the radius of the « „ 

tube, then its circumference is Capillaritv. 

2irr ; if T represent the tension 
across 1 cm., then the total tension at AA is 2irrT, 
as it exists right round the circumference of the 
tube. The weight of the liquid column is equal 
to its volume multiplied by its density— that is, 
vt‘Vip{f. We thus get tho following equation : 

2ir7*T = nY^hpff 



therefore 


T « - 


2irr 


, = h^^ipff 

From this we can calculate the amount of the surface 
tension, as all the quantities on the right hand side 
are easily ob.served. It is also evident from the 
equation that the product rh is constant ; therefore 
the diameter of the tube and the height of the column 
are in inverse proportion — i.c. the narrower the tube 
ihe higher the column of liquid which rises in jt. 
Capillary {Zoology). Minute thin-walled blood- 
vcs.«‘ls winch ramify in groat numbers through the 
tissues. 


Clp^pillary Electrometer {Elect.) A form of 
electrometer {q.v.) depending on an alteration pro- 
duced by a change in potential in the surface tension 
between mercuiy and dilute sulphuric acid. It is 
chiefly of scientific interest, and is rarely used in 
I>ractifc. 

Capital {ArchiteH,) The uppermost member of 
a column or pilaster between the shaft and the 
feature supporreth. When one feature crowns 
another the former is sometimes referred to as the 
capital of the latter, e.g. Capital of Gutt® {q.v.) 
Sec Architecture, Orders op : Column : Doric, 

etr. 


Capital Letters {Typog.) See Caps. 

Capital of Outts {Architect.) The fillet between 
the guttae and the tenia in a Doric entablature. The 
depth of this fillet is much smaller in Homan than 
in Greek examples. See Gutt.® : Trigltph : ARCHI- 
TECTURE, Orders of, and Entablature. 

Capital of Triglyph { Architect.) The fillet im- 
mediately above and projecting over the triglyph in 
a Doric frieze. The projection of the capital beyond 
the triglyph is smaller in Greek than in Homan 
examples*. See Triglyph : Abchitbctubd, Orders 
OP, <md Entablature. 

Capituliun {Botany). A compact form of inflor- 
escence simulating a single flower. The '^head** 
consists of a shortened axis (flat, convex, or concave) 
bearing many stalkless flowers (florets). The oapi- 
tulum is invested by a number of scaly bracts. 

Cap of Maintenanco or Dignity {Coet.) A cap 
borne before the sovereipis of England at their 
coronation as one of the insignia of office. Such a 
cap is also borne before the mayors of certain cities. 



CAP 


86 


CAB. 


Cftp of Maintenanoe or Dignity (Jfer.) A cap 
need instead of a wreath to plaoe a crest upon. 
Sometimes borne as a charge, 

Cappagh-Brown (Dre.) Manganese brown : a 
pigment manufactured from bituminous earth, 
coloured by oxide of manganese and iron. 

Gapping (^Carp, and Join,) The moulding on the 
top edge of a screen, the strings of stairs, etc. 

{Eng,) The Shrouding (g,v.) of gearing. 

CapricoiOBO (Musw). In a capricious manner. 

Caprices (ArQ. Drawings or engravings, extrava- 
gant and fanciful in composition, such as those of 
Goya. 

Capricorn, Tropic of. See Tropics. 

Caproic Acid {Chem.) CH 3 . (CH,), . COOH. A 
liquid boiling at 205^*; it occurs combined with 
glycerine in butter ; isS a decomposition product of 
albumin; its amide is Leucine (^.r.) 

Oapi iJ^pog.') An abbreviation of the word 
“ Capitals,” usually* indicate^, by throe lines beneath 
the letters to be so printed, thus 7* Small caps 
are indicated by two lines 

Capsicum {Botany). Capsicum mmimum (order, 
Solanacret). The dried ripe fruit.s form the well- 
known Chillies, and when ground form Cayenne 
Tepper. 

Cap Spinning {Woollen Manufac.) In the cap 
spinning frame each spindle is mounted with a metal 
cap, and the threads whirl round the rim as thc} 
pass on to the bobbin. 

Capstan {Eng,) A vertical rotating cylinder on 
which a rope is wound. Tlie name often includes 
the machinery or engine by whi('li tlie (capstan is 
driven, as in the steam capstan of modern ships. 

Capstan Headed Screw (Efig.) A screw with a 
large bead, through which are drilled transverse 
holes, into which a small lever, or “ tommy,” is 
inserted to turn the screw. 

Capstan Lathe (Eng.) A lathe with a rotating 
tool bolder on the slide re.st, by which varlr»u.s tools 
can be brought into action on the w’ork in succession. 
Jt is also termed a Turret Lathe. 

Capsule {Botany), A class of fruit that opens 
by means of valves, pores, or slits to set free the 
numerous seeds. 

Caraguata ( Botany). Erynghm pandani- 

folmm (order, Umhellift rce). A fibre from the leaves 
is used under the trade name of Caragfuata. 

Caramel. St^e Cane Sugar. 

Carapace. The hard outer shell or exo-skoleton 
of certain animals ; e.g. the sliell of the tortoise. 

Carat. (1) The standard of weight used by jewellers 
in weighing diamonds and other precious stones.. It 
is equal to about of an ounce troy, nr grains. 
It is divided into 4 “ carat grains.” (2) The standard 
of fineness of gold. Pure gold is said to be •• 2-1 
carat.” STANDARD Gold is “ 22 carat ''—i.c. 24 
parts by weight of the alloy contain 22 parts of pure 
gold. Similarly, 18 carat gold contains 18 jjarts of 
gold out of 24 parts by weight of the alloy, and so on 
for 15 carat, 12 carat, etc. 

Caraway {Botany),, Carumcarui (order, Umbel- 
lifetiB), The so-called “seeds” arc the mericarps 
(g,v.) or half fruits; they yield on distillation oil 
of caraway. 


Carbamide {Chem,) The systematic name for 
Urea {q.v ,) ; the name arises from urea being the 
diamide of carbonic acid. 



Carbonic acid. Garbamido. 


Carbazole {Chem,) aH, <> C„H, 

(1:2) NH (1:2) 

Occurs in coal tar, and thus in crude anthracene; 
forms colourless plates, melting at 238^; readily 
.sublimes. Is a feeble base like pyrrol, and also gives 
the pine-shaving reaction {q,r,). Nitric or nitrous 
acids give a blue colour to its solution in sulphuric 
acid. • 

Carbazotio Acid (Chem,) Picric Acid (^.r.) 

Carbides {Chem.) Compounds formed by the 
union of carbon and a metal, directly or indirectly. 
Some of the important carbides are Calcium Car- 
bide, CaC.,, obtained pure in golden yellow opaque 
crystals by heating pure lime and siigai«cliarcoal in 
the electric furnace. The crude product is obtained 
from limestone and coal or coke. With water it 
gives acetylene {q.v.) Barium and stroniium form 
similar compounds. Aluminium Carbide, CgAl^; 
yellow transparent crystals obtained by heating 
caibonand aluminium, or •calcium carbide and alu- 
minium, in the electric furnace ; it i.s decomposed by 
water, giving methane. CH,. Iron Carbide, Fe/:?, 
has been obtained ))y elect ro Is .sis from steel ; also 
in brilliant white C 5 r}stals from bwodisb iron by 
heating in a carbon crmuble in the electric furnace, 
and subsequent purification of the produ't. Its 
formation and doct^mpo.sition probaVdy play an 
important part in the Umipeiing of steed. 

Carbine or Carabine (Arms), A firearm which 
came into use in tlsc sir" rii century. ‘It had a 
wiieel-lock, and wide bor was shorter than the 
ordinary hand gun. Generally used by cavalry. 

Carbinol ( Citv.m.) A name given to methyl alcohol 
in a .s 3 "Stom of nomenclature wliich names more 
complex alcohols as derivatives of methvl alcohol, 

H 

the simple.st ^X)ssible alcohol. Thus, H — C — OU is 

II 

>1 


methyl alcohol, and CH^ — C— OH would be called 


methyl eebyl carbinol. 

Carbohydrates {Chem.) Tlie carbohydrates are 
naturally occurring compounds containing six or a 
multiple of six carbon atoms, combined with hydro- 
gen and oxygen, the proportions of those last two 
elements being the same as in water. Carbohydrates 
containing six carbon atoms arc called AIono.seh or 
Monosaccharides— -examples are dextrose, lai\u- 
lose, galactose ; those containing twelve carbon atoms 
are called IJiosES or Di. saccharides— examples aie 
cane sugar, lactose, maltose; those containing (C„)n 
are called PoLYosKsor Polysaccharides— examples 
are starch and cellulose. Tiie functions of carbo- 
hydrates in tlie animal ay'stem are the production of 
heat and energy. Tliey are also a source of fat, 

Capbolic Acid or Phenol. A powerful antiseptic, 
obtained from coal tar by distillation. It constitutes 
a great part of the tarry fluids on the market whicli 
are used for disinfecting purposes. The “carbolic 
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acid ” powders and Boai» are preparations containing 
tlie acid. Great care is necessary when using the 
acid, owing to it being so violent a poison. In 
chemical language it is termed Phenol 

Carbon ( Chem,\ C. Atomic weight, 12. An element 
met with in three allotroplc forms — viz. Diamond 
( y.t?,), Gbaphtte (g'.r.), Amorphous Carbon. Char- 
coal is one form of amorphous carbon, but it is not 
pure carbon; it contains ash and occluded gases. 
Lamp Black is another impure ft^rm, containing oil. 
Bone black or animal charcoal is another impure 
form Bonh Black). Coke is another form con- 
taining the ash of tlio coal from which it was made. 
I’ure amorphous carbon can hi obtained by heating 
cane sugar out of air, then passing chlorine over the 
strongly heated residue, and allowing to cool in as 
good a vacuum as 2)osBible. Tlie amorf^hous forms 
of carbon absorb gases, and take up coloiirir.g matter 
from many coloured solutions ; they arc powerful 
reducing ageuts — hence the use of coke in many 
metallurgical operations. Tarhon is insoluble in all 
solvents, and is infusible; the tcniporatiire of the 
electric arc tho amorphous fomi.s pass into graphite. 

Carbonaceous Rocks {Gtol.) Strata into whose | 
com] K)si lion carbonaceous matter of any kiiirl enters. • 
Besides the numerous varieties of coal may he | 
mentioned Oil Shalij. Black Band Ironstone, 
and even Graphite Schist. 

Carbonado {Mw,') A very hard native form of 
<mrbou from Brazil. It isi as Jjarrl as diamond. 
Psed for truing-up emery wheels. 

Carbonates {Chrm,^ The salty of carbonic acid. 
Gtx (/ARBON Dioxr ‘‘ As carbonic acid is dibasic, 
it gives rise to tw( of salts— tlie nrirmal and 

acid carbonates (wise oalU.d Bioarbonatbs) Thus: 

O = ~ nonna^ sodium cfirbonate; 

O • ~ NalU'O arid sodn-m carbonate or 

^ ^ sodium l.»icarbonate. 

Tho carbona^sof sodium, ]K>lassium, nod ammonium 
are soluble in water; the other normal cuihunates 
are insoluble in water. Acid carbonates are soluble 
in waU'F. Sodium and jiotassium normal carbonates 
are not (lecomjiosed on heating ; tlicy melt. Barium 
eaihonaie is dccom])Osed witli <lifticult v hy heat; the 
remaining carbonates more or less readily, ISlauy 
carbonates ofcur naturally. Sec Ghalk, Marble, 
WlTHBRITB, StHONTIANITE, SPATHIC IKON OBE, 
CERUSSITE, thVLAMlNE, DOLOMITE, MAGNESITE, 
RhODOCROSITE, ete. 

Carbon Black {a-Uo called Gas Black). A valu- 
able serie.^ of jugments ma-^lc princiiially from 
natural gas at Pittsburg and elsewhere in the 
United States. They are very fine, intensely blank, 
and are used largely in the manufacture of printing 
inks, paints, etc. 

Carbon Cores {Mould in gy Cores (^.r.) of carbon 
are .sometimes used in a* mould where very heavy 
l>rf‘ssures are produced by the fluid metal during 
casting. 

Carbon Dioaide or Carbonic Acid Gas {Chem.) 
COg. A colourless heavy ga.-^ having slight smell : 
water dissolves its own volume the gas at ordinary 
temperature and pressure. Only substances with 
an extremely powerful affinity for oxygen, such as 
potassium and magnesium, can burn in tlie gas ; for 
similar reasons, tJiough it contains nearly 73 per 
cent, of oxygen, animals are asphyxiated in it. It 


is liquefied at the ordinary temparatare under a 
pressure of 53 atmospheres, and liquid carbon 
dioxide is now used in icemaking, aerated frater 
manufacture, etc. The gas is a product of com- 
bustion and respiration (jrss Atmosphere), also of 
processes of fermentation and decay. It may be 
obtained by the action of an acid on a carbonate — 
e.g, hydrochloric acid and marble. When carbon 
dioxide is dissolved in water, part of the gas corn* 
bine.M with the water to form the weak and unstable 

acid, carbonic acid, O ** C » O-fH^O » 0 =« C ’ 

Orthocabbonic Acid would have the formula 
it has not been prepared, but its organic salts 
are knowm — c.ff. ethyl orthooarbonate, CCOOgHj)^. 

Carbon Dioxide in Air {Hygiem), The amount 
of this gas present in air averages about 4 parts in 
10,000 part.s of air. Its presence is due to respira- 
tion, artificial illumination, combustion, and manu- 
facturing processes. Every individual exhales,, 
while at rest, 0*6 of a cubic foot per hour. This 
amount increases from 0‘9 during light work to 
1*8 of a cubic foot during hard work. It is found 
that there is always a coD.stant ratio between the 
quantity of carbon dioxide and other impurities 
present in the air. In estimating the punty of air, 
the anioAnt of carbon dioxide is determined, since it 
fornislies a convenient index of general contamina- 
tion. 'J he action of plants on this gafi i.s interesting. 
Every plant which contains chlorophyll has the power, 
under the influence of stmliglit, of splitting up the 
gas into its component parts— namely, carbon and 
oxygen. I’he plant retains tho carbon for its own 
uses in tissue building, and liberates the oxygen. 

Carbon Disulphide or Bisulphide {Che7n,\ CS,^ 
A colourk'ss highly refracting liquid, having pleasant 
smell when perfectly pure, but ordinarily smelling 
like rotten cabbages. Boils at ; its vajxjur is 
very intlammablc ; iii.soluble in wat(ir. Largely ust?d 
as a solvent for ninny organic substances, .such as 
fats, oils, iiidiarubbcr, etc. ; also readily dissolves 
sulphur and iodine. It is prepared by i»a8aing the 
vapour of sulphur over .strongly heated carbon. It 
is the sulphur analogue of carbon dioxide; with 
alkalis it forms sulphocarbonates, K^CS,, analogous 
to the carbonates Bj.’Oj,. 

Carbon Filters. See Animal Charcoal. 

Carbonic Acid. ^eM:ARBUN Dioxide. 

Carbonic Oxide. Carbon Monoxide (g.v.) 

Carboniferous Rocks. See Coal. 

Carboniferous System {Gvtd.') The group of 
strata which succeeds the Ujiper Old Red Sandstone 
(or its chronological equivalent) and lies beneath the 
base of the Lower New Red. It is so called because 
in Britain it affords coal seams of commercial value. 
It is primarily divided into an Upper and Lower 
suMivision, in both of which occur workable 
coals. Along with the Devonian Rocks and their 
equivalent, the Old Red Sandstones, it constitutes 
tlie Dbutebozoic Rocks. 

Carbon in Food (Hygiene), It is calculated that 
while doing a moderate day’s work a man will 
eliminate from tiie lung.s, as carbon dioxide, from 
240 to 200 grammes of carbon, OtbeT waste pro- 
ducts, such as nitrogen, etc., are also eliminated from 
the body. To replace this loss, it is necessary to 
arrange a projier dietary. Tlie proportion of carbon 
to nitrogen should be 16 to 1. See a,Uo FOODS, 
UJlder SANITATION, 
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Capboniiatlon or CavbiiriBatiO]i (1) The amount 
of carbon present in iron. It varies from a mere trace 
to very considerable amounts. See Iron, Ktebl, vte. 
(3) The destructive distillation of organic matter 
coal in gas manufacture). 

Carbon Monoxide or Carbonic Oxide (^Cheni,\ 
CO. A colourless gas having the same density as 
nitrogen ; very slightly soluble in water. It is In- 
tensely poisonous, and, having no smell, is therefore 
a dangerous gas. It owes its poisonous action to its 
power of 'forming a more stable compound than 
oxygen does with the haemoglobin of the blood, and 
thus causing asphyxia. It bums in oxygen with a 
blue dame, forming carbon dioxide. It is a reducing 
agent Cff-*'*) Unites with some metals, e.g, finely 
(uvidod nickel, on heating, to form carbonvls, e.g, 
nickel^ carbonjd, Ni(CO) 4 . It is produced whenever 
carbon is burnt in a restricted supply of ox>'gen; 
also on beating formic acid with sulphuric acid: 
oxalic acid with sulphuric acid Hu this case equal 
volumes of this gas and carbon dioxide): potassium 
ferrocyanide with sulphuric acid. It may often be 
seen burning at the top of a bright fire, being formed 
from carbon dioxide produced during tlie combustion i 
by union of the heated carbon dioxide and ciirbon, ' 
CO.^ + 0 =« 2CO. The presence of 0 5 per cent, of 
this gas in air which is being inhaled produces 
poisonous symptoms, and 1 cent, is rajndly fatal. 
Carbonic oxide is one of the constituents of coal gas 
(from 5*5 to 7 per cent.), and would therefore find 
its war into the air during leakage. Water gas (y.r.) 
also contains a large proportion of carbonic oxide, 
and as it has little or no smell, the use of water 
requires the exercise of gi’eat vigilance in preventing 
leakage, which is much less readily detected than in 
the case of coal gas. 

Carbon Oxychloride (Chem,) See Carbonyl 
Chloride. 

Carbon Printing (Photu.} Paper is c(»atcd witl^ 
gelatine containing poiassium dichromate. When 
acted on by light, this becomes insoluble ; while parts 
unacted on remain soluble, and may be washed away. 
By impregnating the gelatine with some suitable 
colouring matter a very fine permanent print can 
be made. 

Carbonyl This name is given to the 

group— CO— when in combination. 

Carbonyl Chloride, Phosgene Ga^ or Carbon 
Oxychloride (^Chem,^ A pungent-smelling gas easily 
condensed to a liquid boiling at S*’. It is obtained 
by union of equal volumes of enrbon monoxide and 
cUorine in sunlight, and by oxidation of chloroforiti 
(^.r.) It is decomjwsed by water, COCl.^ + TI^O = 
COj + 2HC1. Used as a re^^ent in organic 
chemistry. Thus with ammonia it gives urea ; with 
zinc alkyls it gives ketones (i/.r.) ; with benzene and 
alumininm chloride it gives diphenylketone. The 
✓Cl 

graphic formula is 

Garbonuidam* A Hilioide of Carbon, 8iC, used 
as an abrasive, harder than emery (which it resem- 
bles). Used also as an infusible coating for furnaces, 
etc. Pirst manufactured by Acheson, at Niagara. 

Carboxylic Acids The presence of the 

grbup carboxyl,- C\Qjj, in an organic compound 

cemfers acid properties upon the compound ; hence 
compounds containing this* group ate called car- 
boxylic acids. Organic aedds are known which do 
not contain this group, e,g, uric acid, picric acid. 


Carbnnele (ilfm.) Bed Garnet cut en 
See Cabochon. 

Carburetter (.Motor Cwre^ OU JEngines). The 
apparatus for turning oil into gas in petrol or other 
oil engines. The two main forms are SPBAY and 
Burp ACE Carburetters. In the former a fine jet of 
oil is sprayed into a hot cliamber, the supply being 
governed by a needle valve actuated by a hollow 
float, w'hich rises and closes the valve when the 
supply of oil is too great. In surface carburetters 
a current of air is caused to bubble through the oil 
in a tank, producing evaporation at the surface of 
the oil and causing a mixture of air and explosive 
vapour to collect in Ifiie upper part of the tank. In 
both forms a further regulated supply of air can be 
caused to mix with the vapour produced in the 
carburetter, in order to obtain the explosive mixture 
which produces the greatest effect in the cylinder. 

Carbylamines. Another name for the Isocyan- 
IDES Oy.r.) ^ 

Carcanet (CtKst,) A collar or necklace nsually set 
with jewels. 

Carcass (Carp, and Jom.) (l)The structural part 
of ii building — i.r. walls, naked floors, partitiims, and 
roof. (2) Tile shell or outer part of any piece of 
joiner’s or cabinetmaker’s work. 

Carchesium (Pot.) A beaker or c\ip used by the 
Greeks. It was slightly contracted in the middle, and 
had two liundles extending from the base to the rim. 

Cardamoms (Mot.) Plettaria cardamtmum (order, 
Xhigiheraccuf), ll.c dried seeds are used in phar- 
macy and as*a condiment. 

Card Clothing Spimitig), A general term 

applied to the wire filleting on the cylinders, doffeis, 
flats, or rolh'rs of a carding engine. There are 
s(‘vcral gauges to suit Indian, American, or iSgyptian 
cotton, 

(W(Hflku Matiufae.) Strips of leather or 

other suitable foundation into which wire teeth are 
iincrted. The fineness of clothing — i.c, number of 
points per square inch* -varies accordia(,j to the posi- 
tion of the roller tr) which it is nailed in the carding 
machine, increasing tou'.'irds the delivery end. 

Carded Yarns (C'>tlim Spinning). Yarns which 
have i.iily b<*cn airviod. Not .so valuable or so strong 
as Combed Yarns (y.r.) 

Cardew Voltmeter (Elect.) See Yolthetbbs. 

Cardinal Planes of Lenses (Light). These are 
the Trinoipal, Focal, and Hymmhtbic Planes 

(q.v.) 

Cardinal Points (Astron.) The N., B., £., and W. 
points of the horizon. The N. and B. points aro the 
jtoints at wdiich the meridian {q.v.) intersects the 
horizon (q.v.) 

Cardinal Points of Lenses (LiglU). In dealing 
with thick lenses, or stems of lenses, the calcula- 
tions are much simplified by the use of a system 
of points on the axis of the lens, termed the 
Cardinal Points. See Principal Points, Princi- 
pal Foci, Symmetric Points, and Nodal Points. 

Carding (Cotton Sj/mwmg). A most important 
process, being the final stage at which cotton is 
cleaned for ordinary cotton yams. A badly carded 
cotton will produce an inferior sjpun thread. Three 
types of cfirders are in use, rhz.i (1) llovolving 
Flats; (2) Wellman’s Btationary Flats; (3) Boiler 
and Clearer Carder. The first is the English system ; 
the second and third the American. The third is for 
coarse and waste spinning. ^ 
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{LiTUHi Mawifoo.) In linen manufacture 
the flax is not carded as cotton is» but is hackled or 
combed. This takes out all the short fibres. The 
waste is called Tow, and is carded and spun, 
making a coarse description of yarn. 

(^Textile Fabriog"), In general, the operation 

of separating and reblending textile fibres. 

Carding Engine {Textile Mamfae.) A machine 
oouRisting of several large cylinders and small 
rollers covered with card clothing (jf.®.) The large 
cylinders, termed SwilfiTS, convey the material for- 
wartb The medium rollers, or Dof^bbs, remove 
it from the swifts. The small rollers, termed 
WoBKEBS and Btbippebs, Jlparate the felted 
meshes of fibres and also assist in reblcnding 
them in conjunction with the swifts. 

Card Lacing {Lace Manvfac,) The operation of 
attaching thejacqiiard cards (tj.v.') to each other in 
the order necessary to produce the required jjattern. 

Card Ni|>perB {Lace Mamtfac.') A hand punch 
for use in correcting mistakes or making alterations 
in the cards, 

Xiard Puncher {Laeo Manvfae.) The person who 
punches the boles necessary in the Jacquard cards to 
enable the pattern to be produced in machine-made 
lace. 

Cards {Lace Mawufac,^ etc.') Stc Jacqvard 
Cards. 

Card Wire {Linff.) A brush of fine steel wire, qped 
by filters for clewlniug out file teeth. 

Carmagnole {(^ogL) The dress afE4’.ted by the 
Jacobins during the French Ite volution of 
Ji consisted of a red cap, blouse, and a girdle of 
blue, W’hite, and red. 

Carmine {Dec.) A beautiful bright red }jigment 
made by precipitating colouring matter obhiiiied from 
Cochineal (y.r.), with a base such as alumina, li 
wf)rks well in oil and water, but soon fades on 
exposure to light. The cob^uring matter is 
Cabminic AC|iP, a complex oiganic compound. 

Camallite {Min.) A chloride of magnesium 
and potassium, MgCl, . KCl . G1I,,0 ; Magnesium 
chloride =» 34'2, potassium chloride = 20 *^8, water 
**Ii8'92. Massive, usually pinkish from impurities 
of ferric oxide. It is very deliquescent aud stifuigly 
phosphorescent. It occurs in considerable quantity 
at Stassfnrt in Saxony, where it is largely worked 
It is used in glass manufacture, etc., as a source of 
potassium. 

Carnation {Paint.) The various tones of pink 
used in painting flesh. It also signifies those parts 
of the bo<ly that are drawn naked. 

Carnauba Wax. The wax deposited upon the 
loaves of the Wax Palm {Copernleia ccrifcra\ 
indigenous to Brazil. The crude wax is obtained by 
bailing the leaves ; it is of a dirty yellowish colour, 
very hard and brittle, being readily reduced, by 
pressure, to powder. Used in admixture with the 
softer waxes, such as paraffin, for making candles aud 
wax polishes 

Camelian {Min^ A red translucent Chalcedony 
used largely for beads and seals. When 
ound, the colour of the masses is very dark, but 
much of the colour is discharged on roasting. 

CamofB Cycle {Heat). The set of ot)erations in 
a theoictioally perfect Heat Engine {q<v.) The 
working substance in the cylinder goes through the 


four following processes in succession ; <1) Adiabatic 
Compression, (2) Isothermal Expansion, (8) Adiabatio 
Expansion, (4) Isothermal Compression. If 4 ^ 10 ^ 
conditions could be realised in a steam or gas 
engine, the highest possible efficiency would be 
attained. See INDICATORS aTid INDICATOR DiA- 
CRAMS. 

Carpentry. The art of constructing and erecting 
the structural woodwork of a building, i.e, beams, 
joists, partitions, roofs, etc., as distinguished from 
Joinery, vrbich deals with the smaller and more 
finished parts, such as doors, windows, and staircases. 
As carpenters* work requires to be very strong 
and reliable, it should always bo constructed on 
thoroughly scientific principles, and it is therefore 
erroneous lo describe it as “ rough ” woodwork. 

Carpentum {Arclueol,) An antique two- wheeled 
carriage, protected by an awning and curtains. Used 
by Roman ladies at festal processions. Carpenta 
were also used by the Gauls and Britons. 

Carpet. Woven or felt floor covering. Woven 
carpets are of two great types: (1) An ordinary 
woven fabric, e.g. Scotch or Kidder carpets; (2) 
Pile woven fabrics, e.g, Brussels, Axminster, 
Persian, Smyrna, etc. 

Carrageen Moss {Botany), Clmidrug crigjftit 
(class, Rhodoyhyeefc). This red seaweed is used 
in the preparation of a nutritive jelly. 

Carpara Marble. A metamorphosed limestone of 
sedimentary origin. It is of exceptional purity and 
uniformity of composition. Usually regarded’ as a 
member of the Trias {q.i\) It is chiefly obtained 
from the quarries at Carrara, in Italy, and is much 
used for sculpture. 

Carriage {Carp, and Join.) The rough inclined 
timber supporting the steps of wooden stairs. 

{Lace Manu/ae.) A thin flat piece of steel, 

roughly triangular in shape, with a segmental base 
and a circular hole central with the body of metal 
forming the receptacle containing the brass bobbins. 
The two combined form a ShuttlBw 

Carriage Gain ( Cotton Spinning). See 
Patching. 

Carrier {Bfig.) A liolder wdnch can be attached 
to a round rod, etc., when being turned in the lathe, 
to enable the driving chuck to rotate the work 
between the centres. 

{Optical LanterrC). A frame of convenient 

form which holds the small unframed slides w’hich 
are usually matle at the present time; the carrier 
remains fixed in the lantern, and enables the slides to 
be placed in position accurately and quickly. 

Carrollite A copper and cobalt sulphide, 

CuH . C(jg Bj,. Isometric. This rare mineral is chiefly 
of interest from the recent discovery in it of traces 
of Radium. It is found in the United States. 

Carte de Yiaite {Photo.) The small size of print 
commonly used for portraits ; it is about in. by 
2j: in., i.e. about half the size of a Quarter Plate 
{q,V.) 

Cartilage {Zoology). An elastic tissue which 
precedes bone as the constituent of the skeleton. 
Tt also forms efficient pads oetween the various 
bones. Cartilage consists of a matrix of Chondrin« 
containing cells and, in some cases, fibres. 

CartlBane. A small piece of parchment placed 
under embroideries to give relief. 
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Cartoon (Art), (1) A study or made on 

paper for a painting of the same size which is to be 
execntod in fresco or oil» especially the former, the 
design being traced through upon the fresh plaster 
of the wall. Cartoons are also executed in colours 
for designs in tapestry, mosaic, stained glass, etc. 
The cartoons of Baphael are well known examples. 
(2) An illustration in a newspaper or perio^cal 
relating to some current topic or event. 

Gartoueh or Cartouche (Architect,^ etc,) (1) A 
moclillion in an internal cornico. (2) Also used to 
denote a shield-shaped, scroll-shaped, or oval orna- 
ment. (3) The oval used in Egyptian hieroglyphics 
to enclose certain characters expressing the names 
or titles of ^vinities and kings. 

Cartridge Paper* Paper originally used in the 
manufacture of cartridges. It is cheap and useful 
for rough drawing. 

• CH, 

0 

SjQSi"" 

C 

CH(cn,), 

Ib an oil occurring in certain essential oils ; boils at 
230®. Obtained by heating camphor with iodine. 

Canring. This term is now usually restricted to 
work executed in wood and ivory, the term 
** Sculpture ” being applied to carving in stone, and 

Chasing ” to metal wrork. Carv- 
ing was naturally practised at a 
date anterior to sculpture, and in 
early, examples of sculptured stone 
the influence that wood-carving 
exercised on the sculptor is easily 
discernible. The Greeks excelled 
in ivory-carving, and some cl rys- 
elephantine statues (q,v.) of mnr* 
vellous beauty w^ere executed by 
Pbeidias. During the Gothic 
period (twelfth to sixteenth cen- 
tury) wood-carving reached a high 
standard, especially as regards the 
interior decoration of churches. 

The most celebrated w’ood-carver 
this country has produced is 
Grinling Gibbons (1G4^ — 1720), 
who, in addition to many other 
notable examples, executed the 
stalls of St. l*aurs Cathedral. 

Efforts are being made at most 
art schools .to revive this art, 
which, like so many other valu- 
able and intere.^ting handicrafts, 
has for several years past unde- 
servedly suffered in tlie comi)c- 
tition with work executed by 
machinery. 

Caryatid (ArehUect. ) A carved 
figure of a female used as a 
column, as in thd' portico of the Erectheum. See 
Atlantes. 

Cascara Sagrada (Botwny), Bkamnuit pvrfthiana 
(order, IVmmnaceee). The dried bark is the source 
of the purgative drug of this name. 

Caiearilla (Botany), Croton Casearilla (order, 
Muphorbiaoeay. The dried bark is used in medicine 
as an aromatic tonic. 


Case (Typog.) The receptacle from which type is 
gathered for composing. There is an upper and a 
lower case. The former, divided into various com- 
partments, contains the capitals and the accented 
and dotted letters ; the latter, likewise divided, 
contains the small letters, spaces, etc. 

, Caaevork (Bind,) Covers, cloth bound or 

otherwise, prepared separately from the book, which 
is afterwards fastened into them. 

Cased Frame (Carp, and Join,) A window frame 
having the sashes hung w'ith cords. 

Case Hardening (gblitg,) The production of a thin 
layer of stool on the surface of iron bodies by beating 
them to a bright red in contact with carbonaceous 
matter. 

Casein (Ckrm.) The essential and characteristic 
albumin of milk. It is composed of carbon, hydrogen, 
nitrogen, oxygen, sulphur, phosphorus. It is an acid : 
insoluble in water, but its salts are readily soluble, 
and it is present in milk as its neutral calcium salt. 
It is precipitated from solutions of its salts by acids, 
even by carbonic acid ,* it may also be salted out by 
common salt and magnesium sulpliate. The food 
IMasmon is said to bo the sodium salt of casein. 
During the last few years casein has been largely 
used as a binding material in the manufacture of 
washable distemper or water paints (g.v.) 

OaBemate or Casement (ArrhiteH,) A large 
hollow moulding used in (iothic architecture, parti- 
cularly in the Per{Hindicular style. 

(Carp, and Join.) A window consisting of 

glazed doors hung to a solid frame, instead of sliding 
sasho''. 

Cashmere. Soft, fine, silky fibre forming part of 
the flee(’C‘ of tlie (.’ashmcTO goat of Thibet. 

(Woollen Mayivfac.) Fine twill dress stulfs 

made of worsted yarn.s. 

Cashmere Goat- Capra Idrcue (ftypily, Bovidof), 
A small variety of goat li?:ving a thick coat of wool 
beneath the long silk\' hair. 

Casket or Casquet. A small c(>lfer or box, gener- 
ally made of .'.o’lie rare or jjrt'Cious material, wood, 
or metal, often highly decorated. 

Casque ( Arm ovr ) . 

A term applied to all 
kim Is o f helraet-s . M ore 
precisely a .species of 
iudinet first worn in 
the reign of Ilcnr}' 

A’ J II. It was intended 
more for parade than 
protection, and was, 
generally, elaborately 
ornamented. It had 
no visor. 

Casquetel (Arm.) 

A small helmet or 
steel cap with out visor, 
but having a pro- 
jecting urabiil, and flexible plates to cover the 
neck. 

Cassel Yellow. Oxychloride of lead— PbCl,7PbO. 

Cassia Bark (Botany), Omnamomvm cania 
(order, Laurarea), The bark of this plant is a 
frequent adulterant of cinq^mun. 



Caiiyatid. 
Fkom Bukctueum. 
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Oasiiterlie (Afin.) An oxide of tiii, SnO^ ; Tin = 
78-38, oxygen =as 21*62 per cent. Often called tin 
stone. It crystallises in tetragonal prisms. Often 
twinned (jf.v.) at an obtuse angle (geniculate twins). 
It is the most important ore of tm. The varieties 
Wood Tin and Toad’s Eyb Tin are those which show 
a concentric banding. Btbbam Tin is water-worn 
Cassiterite. It occurs in Cornwall, Devon, Saxony, 
Straits of Malacca, United States, Australia. 

CaBBOck (Coit.) Originally almost any kind of 
long loose coat w'om daring the seventeenth and 
eighteenth centuries. A long, close-fitting garment 
worn by the Anglican clergy, originally under the 
gown ; at the present time finder the surplice. 
Also worn by any ecclesiastical official, cleric or 
layman. 

Cast (1) A twist in timber due to 

drying. (2) Applied to material suitable for casting 

(S’.®.) 

(1) The name applied to a facsimile 

of sin original piece of sculpture. It is generally 
executed in plaster, csist in a mould. The u.sual 
mfjthod of reproduction is as follows ; The object 
of which a copy is required is first .smeared with 
boiled soft soap ; it is then covered, in sections, 
eitlier with molten wax or wet plaster of l*aris, until 
a mould of the whole has been obtained. This piece- 
mould is fitted together, and plaster and water are 
run into it. Wlten the iiioulil is removed there 
remains a facsimile of tho«. original in plaster. 
(2) The name is sometimes applied to the mould or 
reversed impression in which the cast is made. 

(from Nature). This may be taken cither 

from a living or a dead body, and may be a cast 
of tlK' entire frame or any porthm, such as a hand 
or foot. *The same proce.s^ is followed substantially 
as in makijig a cast from sculpt ure. 

Cast Holes (NutfJ) Holes arc cast to save metal 
or the expense of ilrilling; they arc not accurate in 
size or po.sition, and require careful finishing in exact 
work. • . 

Casting ( Foundry'). ( 1 ) 'J’iic metal object ju-od need 
by pouting molten metal into a mould of requisite 
shape. (2) The operation of jjroducing the above. 

Casting Ladle (Foundry). The large receptacle 
use<l lor earr>iiig and p«)uiing «uit the molten metal. 

Casting On ( Fan ndry). See I JufiN r x o O n. 

Casting UprigRt, on End (Foundry). 'I'he fixing 
of a long mouhl in a vertical position (usually in a 
pit); the metal is then often poured down a long 
tube or channel in the sand, .and enters the mould 
at the bottom. This produces a sound casting, as 
gas bubbles, etc., are driven out at the top of the 
mould ; scoriae, etc., collect in a Head (q.v.) 

Cast Iron. Sec Ikon. 

Cast Iron Pipe (Fny.) Used for uater and gas 
mains, and for steam pipes when the pressure is not 
too great ; the cheapest form of iron pipe. 

Castle. Generally a .scries of strong buildings 
connected together and originally intended to serve 
as a fortress. Such fortressses were chiefij* the out- 
growth of feudalism, and until after the Normjm 
Conquest wore seldom to be found in England. The 
thirteenth century marked the greritcst advance 
in the fortification of castles. Tim strongest part of 
the mediaeval castle was the donjon oi keep, intended 
to form the last retreat o{ the garrison. 


Castoreum* A waxy substance from the anal 
glands of the beaver, CaMor eanadeneU (family, 
Caetoridaf). l^arge quantities are used in mediciikB 
on the Continent. 

Cattov Oil. Oil obtained from the seeds of 
ilieinus oomiUuniB (order, Jihi.phorHaeea)^ a plant 
cultivated in India, the United States, Java, and 
elsewhere. The refined oil is almost colourless, very 
viscid ; thickens and becomes rancid on exposure to 
the air, but does not dry. The best quality is pro- 
duced by pressure of the bruised seed, is used for 
medicinal purposes, and is known as cold drawn.*' 
Second and third qualities are obtained by heating 
the same seeds and again pressing them. These 
qualities are used in the manufacture of lubricants 
and for dressing leather, particularly morocco and 
chamois leathers. Castor oil is expressed in several 
parts of England from imported seed. Sp. gr. 0*960 
to 0*966 at 60" F. 

CaBtB ( Geol.) Properly speaking, this term should 
be restricted to such cases as those where an alien 
.substance has filled a cavity or mould formed by the 
removal of some pre-existent rock, mineral, or fossil, 
and thus imitated its form ; but in practice the term 
is often applied to the mould itself. 

Cast Rteel (Fng.) Ingots of steel obtained by 
breaking up and melting BLISTER Steel in a 
crucible. See Steel. 

Catacomb. A subterranean place for burial of the 
dead, consisting of galleries or passages, the bodies 
l)eing deposited in recesses called loculi ^ excavated 
in the sides. Applied originally to the cemetery 
under the Basilica of 8t. Sebastian, Rome ; it Is now 
used in respect of all of the many subterranean places 
of sepulture in or near Rome, as well as those of 
Cairo, Naples, I'aris, etc. 

Catafalque. A ilecorated platform on which a 
coffin is placed in church during a funeral service. 

Catalysis and Catalytic Action ((Them.) The 
speed of certain reactions is tousiderabJy changed 
by the introduction of a tldrd substance, which itself 
remains unchanged at the end of the reaction. 1’he 
action exercised by .such a substance is called a 
catalytic action or catalysis, ami the substance is 
called a catalytic agent or catalysor. An example 
of sucli a change is the con version of stai’ch into 
dextrose and dextrine by water; by heating with 
water alone the change is very slow, but in presence 
of a little sul}>huric acid the speed is enormously 
increased. Other examples are the conversion of 
cane sugar to dextrose and Isevulose by a dilute acid ; 
the hydrolysis of esters by the same means ; the 
union of sulphur dioxide and oxygen in presen(’-e of 
platinum black; the decomposition of hydrogen 
peroxide also, by finely divided platinum. The 
amoiiui of catalytic action is, up to certain limits, 
proportional to the amount of catalysor present, 
and it is also dependent on temperature. See also 
Enzymes. 

Catch Bar (Lacc Manufac.) An approximately 
square iron bar long enough . extend over the 
whole width occupied by the carriages. A brass 
blade attached to the bar engages with certain 
projections on the carriages, and motres them all 
simultaneously. 

Catch Plate (Fug.) A small face plate (q.v.) for 
a lathe : it carries a pr«\ieeting pin, which engages 
with n carrier fixed on the end of a bai*, etc., which 
is being turned in the lathe. 
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Gatohvord {Typog,) The first woi-d of tho 
following: pa^e of a book, inserted at right-hand 
lower comer in the “ whiteline.’* Not generally 
used now except In encyclopeedias and dictionaries. 

Catechol, PyFOoatechin,OrthodihydFoxybe]izeiie. 

C^H^(OH White crystalline solid, soluble in water ; 
melts at 104®, Gives, like all orthodihydroxybenssene 
derivatives, a green colour with ferric chloride ; it 
occurs in beechwood tar and catechu (r/.w.) Obtained 
by heating protocatechnic acid {q.r,\ and by heating 
either 1 : 2 bromphenol or 1 : 2 phenolsulpbonic 
acid with caustic potash. 

Oatecho. An extract of the leaves and young 
shoots of Vihcaria. Gambia (Singapoie, etc.) and 
from Actwia catechu. The juice is evaiiorated ami 
is made into cubes which have a reddish-brown 
colour; it contains catechu-tannic acid, catechin, 
and catechol. On distillation it giNcs catechol. 
Used in dyeing and calico printing, and as an 
astringent in medicine. See Dyes and Dyeing. 

Catenary. The curve which a heavy cord or chain 
assumes when suspended between two points. 

Cateract A hydraulic arrangement for 

regulating the valves in Cornish pumping engines ; 
very little used now. 

Catgut. Tough strings made from the prepared 
intestines of .sheep. A strong driving-cord for 
machinery is made from the inte.stines of horses and 
asses J^e aUo Waste 1*rodx;cts. 

Cathedral Glass. A name commonly applied in 
the building triwhs-s to combinations of coloured glass. 

Catherine Wheel Window (Architect,) See Hose 
Window. 

Cathetometer {Physiof), A microscope or tele- 
fiOOi>e mounted horizontally on a vertical stand. It 
can bo either raised or lowered, but it alway> 
remains horizontal. The rise or fall can be accumiely 
read on a finely divided scale, thereby giving measure- 
ments of vortical Iscights 'which do not exceed th<i 
range of the scale of the instrument. 

Cathode or Kathode {Elect,) The conductor, or 
Slectbode, by which an electric current leaves a 
liquid or gas; it is usually a piece of carbon or 
metal in the shape of a fiat plate, disc, rod, etc. 
Cff, Anode. 

Cat’s Eye (^Min.) A variety of Qdabtz (y.r.) 
showing a fine fibrous structure, so that when cut 
en eahochon it gives a sudden flash of light in certain 
directions. Fine exami^les come from Ceylon and 
Malabar. Hce aho J^eecious Stones. 

Cat^B Head (Architect.) A Norman ornament, 
resembling the beakhead, Imt having a protruding 
tongue instead of a beak. See Beakhead. 

Caulicoli {Architect.) The eight stalks which 
spiiug from the upper row of leaves in a Homan 
Corinthian capital. Tins term is also used to denote 
either the volutes in which these eight stalks ter- 
minate, or the stalks and scrolls together. It is also 
written Oauiiculus, Oanlicolns, and Caulecolc. See 
Abchitbctueb, Oedeks of, and Coeinthian. 

Caulk 09* Calk {Plumb.) To run lead into the soc- 
ket of an iron pipe and hammer it in with a caulking 
chisel See also Calking. 

Cattsla {Arohaol.) A broad-brimmed hat worn by 
%he ancient Homans. Originally worn by the 
Macedonian kings. 


Caustic (JUght). A curved line or surface pro- 
duced by the intersection of rays from lefiecting 
or refracting surfaces of 
certain forms. For ex- 
ample, in a spherical 
mirror the reflected rays 
do not puss through 
any one focal point, but 
touch a curve with a 
“ cusp,** whose point is 
on the axis of the 
mirror. The caustic pro- 
duced by the reflection 
of parallel rays fPorn 
a spherical mirror is 
shown in the illustra- 
tion. The rays near 
the axis of the mirror 
OA intersect at or very 
near a point F, which is 
the princii>al focus of 
the mirror. The dis- 
tance af is half the Cacbtic lcuve. 

distance AO, which is the radius of curvature t»f vho 



Caustic Alkali. See Alkali. 

Causticising Pan {Paper Manvfuc.) A cylindrical 
vessel, usually fitted with agitators, in which car- 
bonate of soda i.^ converted into caustic soda. 


Caustic Potash. See alkalt. 

Caustic Soda. See Alkali. 

Cave Breccias {Geol.) A cemented mass of 
angular fragments of any kind (not usually lime- 
stone or bone) which have fallen into a subterranean 
cave or a fissure, from above, or have been waslied 
into it by forrenis. It may be of any age,* but it is 
usually of comparatively recent origin. 

Cave Earth {(mcoI.) A general term applied to 
the loam, sand, or clay which has foun<l its way into 
caves (usually in those of limestone districts) by the 
action of running water. ^ m 

Cavendish Experiment (Phtfsics). An experiment 
of Henry Cavendish for finding the absolute force 
hetwcjori two attracting ma.sscs. From tliis absolute 
force it is possibh^ to calculate the mass of the earth. • 
Cavendish found it to be ,>*448 times the msis-s of an 
equal volume of water. This experiment lias been 
repeated by later observers with different forms of 
nptiaratus, and the latest results olatained sliow that 
the actual density of the earth is about 5*527 times 
that of water. 


Cavern ( Geol.) Generally used as a synonym for 
cave ; but it would be conducive to clearness if the 
term cave were restricted in geological phraseology 
to the subterranean (diambers formed by the solvent 
action of wat(Ts upon limesione, and if the name 
cavern were u.sed for tlie natnral underground ex- 
cavations, such as those which are prodnoed by the 
mechanical action of the sea. I’he term grotto 
might in that c^e be employed for the rock cavities 
often left in lava beds. 


Cavetto {Architect.) A 
hollow moulding. In Homan 
work its sec-tion is a quarter 
circle ; a Grecian cavetto has Cavetto. 

a more graceful contour. 

Caviare. A Hu&sian food preparation made from 
the roe of the sturgeon, Accipvnser sturio (sub-order, 
Ckendrostei). , 
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CaTO-Ball^vo (ArckfUat*) Scalpture, in which 
the highest part of the relief is level with the general 
surface of the stone ; much used in Egyptian scnlp- 
tnre. See Basbo-Helibvo, Alto-Eblibvo, Mbzzo- 
Emlibvo, aTtd Intaglio. 

Cawk (Jifin*) A miner's term for Babytbs (q.v,) 

Caatan* Any book printed by William Cazton, 
England’s first printer, is known as a “ Caxton.” All 
his productions are in black letter, and were issued 
between the years 1474 and 1491. Although a most 
prolific printer, copies of his publications arc now 
both rare and valuable. While many of his later 
publications have disappeared^ altogether, several 
copies of the first edition of ms earliest and best 
known books, TAe Reouyell of the HUtoryee of 
Troye and The Game and Playe of the.' Cheeee 
are still extant. His greatest work, Golden 
Legend^ published about 1484, was profusely illus> 
trated with wood cuts. Of the first edition of this 
work many copies remain. Tlie finest collections of 
‘‘ Caxtons” are those in the British Museum and the 
Ry lands Library, Manchester. 

Cayenne Pepper. See Capsicum. 

Cd (Chem.) Symbol forCADaiTUM (q.v.) 

Ce (Chem.) Symbol for Cerium (y.r.) 

Cedar. See Woods. 

Cedar Wood Oil. Cedrvs^ .several species (order, 
Cmiferee), An oil obtained by di.'st illation from 
cedar w«»od shavings. 

Ceiling Joists (Carp,) The timbers (below the 
floor joists} to which the lath." arc nailed. See also 
Floors. 

Celadon (Pot,') Porcelain in which the colour is 
mixed with the glaze and burnt in at the first firing. 

Celebe (Pot.) A Greek vase in form resembling 
an urn and having two handles. 

Celestial Equator The Great Circle 

(5'.r.) on the celestial sphere, whose poles are the 
celestial i)oles.* 

Celestial Poles (Astron.) The two points about 
which the celestial sphere appears to ruvohe. 

Celestial Sphere (Astron . ) An imaginaiy hollow 
sphere, whose centre is at the eye of the observer. 
A line drawn from the centre to each of the heavenly 
bodies cijts this .sphere at a point which is the 
apparent position of the body in Question. 

Celestine (J/m) Htrontiuiu sulphate, SrSO^. 
Stroutia 56*4. sulphuric acid = 4i»T> ],<‘r cent. It 
crystallises in rhombic tables. The crystals are 
colourless, or more often pale blue, very brittle. It 
is found frequently in association with gypsum, roc‘k 
salt, and sulphur. Bristol and Lake Huron are two 
of the principal localities. 

Cell or Celia (Arohitert.) The space enclosed 
within the walls of a Grecian temj)le. Sometimes 
this space was undinded, and formed the principal 
ehamber, or Naor, in which was placed the statue of 
the deity. In other cases the cella was divided into 
two portions — the larger portion, the Xaos, in the 
front, and a smaller chamber, called the Opistho- 
DOMirs, used as a treasury, at the back. 3'hc naos 
was approached through a columnar porch, tlio 
pronaoB; the opisthodomus through the r.nir porch, 
the PostlOUM or Ep:naos. The term cell Is also 
used to denote the filling in between the ribs of 
Gothic vaulting. JSee Severies, Nave, ami Ant a. 


Cell (fr Celia (JSwlogy), The unit of: an animal or 
plant organism. It consists of a mass of protoplMa 
containing a nubleus, and may, or may not, baye a 
cell wall. 

Cellar Dwelllnga (Hygiene), Use of a cellar as 
a dwelling is absolutely prohibited by the PubliO' 
Health Acts. A cellar may not be occupied at all 
unless it accords with the requirements laid down in 
the Acts. These relate to height, drainage, sanitary 
accommodation, ventilation, light, etc. 

Cells, Primary. The primary cell is a means of 
obtaining electrical energy by the actual consumption 
of some metallic element, usually zinc, which is 
turned into its sulphate or some other compound. 
The cell cannot then be used again without intro- 
ducing an entirely fresh material, thereby differing 
from the storage cell or accumulator (y.v.) It may 
l)e compared to a kiud of furnace, in which the zinc is 
the fuel. The essential parts of a cell consist of the 
negative plate, which, as mentioned above, is almost 
invariably zinc ; a positive plate, which is commonly 
platinum, coi)pcr, or carbon ; an exciting liquid, which 
acts chemically on the zinc; and finally some material 
which may bo termed the “ depolariser.” The function 
of the latter body is to furnish a regulajr supply of 
oxygen in. tbe neighbourhood of the positive plate, 
and thereby to destroy the free hydrogen which 
would be liberated there, and which if allowed to 
accumulate would stop the action of the cell. The 
main essentials of a good cell are as follows : ( 1 ) 
The electromotive force should be constant ; (2) The 
internal resistance of the cell should be as small as 
l>ossiblc ; (3) The cell must bo free from polarisation ; 
(4) The chemical action in tbe cell should cease when 
the current is no longer flowing. The first condition 
(electromotive force) depends entirely upon the 
chemical nature of the materials employed, and is 
always constant so long as the nature and condition 
of tbe materials are the same ; it is perfectly inde- 
l>eudent of the size of the cell or distances between 
the jdates. The internal resistance of the cell, 
however, <lepc*i\ds very largely upon its size and the 
distance between the plates, and can be diminished 
by making the plates large and bringing them close 
together. Freedom from polarisation depends (in 
the majority of ca.ses) upon a sufficient and regular 
supply of oxygen being Uirnishcd by tbe polarising 
agent. The hmt condition is one of difficulty m 
attainment in most classes of cell ; and in the more 
active forms of primary cell it is necessary to with- 
dmw one or both plates from the fluid. The chief 
forms of cell in common use are as follows ; 
( 1 ) hichrimafe Cell: This consists e-ssentially of a 
plate of zinc and a plate of carbon, the exciting 
fluid being dilute sulphuric acid, and the depolariser 
a solution of potassium diebromate which fs mixe'i 
with the acid. This raixtui'e is \eiy active, and it is 
absolutely necessary that the plates should be with- 
drawn when the cell is not in Instead of 

potassium dichromate, chromic anby<lrid€‘ ((VO 3 ) or 
potassium chromate (KA-rCM may be used. An 
improvement may be made by putting the carbon 
plate and the potassiiun dichromate solution into a 
I)orous pot, leaving the zinc in the dilute sulphuric 
acid : in most cases, however, the fluids are xuiAed. 
The electromotive force of this cell is about two 
volts. ( 3 ) Grm'.rs Cell : The positive plate is a piece 
of platinum foil, which is immersed in a depolarizer 
consisting of strong nitric acid in a porous pot ; 
the negative plate is zinc in dilute sulphuric acid. , 
This is a veiy good cell ; but the use of nitric acid ia^ 
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fioxnewhat objectionable both from the dangers uf 
handling the acid itself, and from the corrosive 
fumes of the oxides of nitrogen T^hich are given 
off as the acid parts w'ith a portion of its oxygen. | 
For this reason a Grove’s battery will require to j 
be kept under a hood with a steady drauglit to 
carry off the fumes. The electromotive force is 
about 1 '9 volts. (3) Bumcn's Cell : This resembles 
Grove’s cell in all respects biit one, viz. that the 
positive plate is a rod of carbon instead of platinum 
foil. Its electromotive force and other properties 
are much the same as those of Grove’s cell. (4) 
DamelPs Cell: The negative plate is zinc in sul- 
phuric acid, as before. The positive plate is copper 
in a saturated solution of copper sulphate, the two 
fluids being separated by a porous pot. In this case 
no hydrogen is actually set free, but the copper 
sulphate is acted upon by the nascent hydrogen, i 
metallic copper being formed, and deposited upon | 
the copper plate. This deposition of copjjer does not i 
alter the nature of the positive plate, and there- • 
fore there is no alteration in the electromotive | 
force. The cell yields an electromotive force of 1*07 . 
volts, and is remarkably constant in its action ; on * 
this account it is a very great deal used in telegraphic i 
work. (5) Leclanchi Cell : Tiie negative plate" is zinc 
acted on by a solution of ammonium chloride. Tlie • 
l>o.sitive plate is a rod of carbon packed in a mass of ■ 
manganese dioxide, which furnishes a supply of i 
oxygen, and therefore acts as a depolariser. When • 
this cell has been running for a very short time, it j 
becomes polarised, and it is some time before the 
mangiuicse dioxi<le can destroy this polarisation. | 
If, however, the cell bo given a comparatively long ; 
rest between short intervals of use, it easily recovers, i 
and will last a very long time with no furl her 
attention than the addition of a little w*aler. It is ; 
chiefly used for intermittent work, such as the ring- | 
ing of electric bells. (6) Drp Celh : The so-called dj^ ! 
cells really consist of some form of l/eclanch6 cell, in 
which the exciting fluid is mixed wdth some material 
to make it into a kind of damp paste, as a perfectly 
dry cell would be useless. There are many modern 
forms of dry cell, most of which have for their object . 
the reduction of the internal resistance, which | 
naturally tends to become very great when the cell no I 
longer contains a mass of fluid. (7) JLaUinde'i Cell : 
This is a zinc and copper cell^ but the polariser : 
consists of a mass of copper oxide surrounding the ' 
copper. The zinc is acted upon by a solution of j 
caustic potash, KOIl, in which the metal dissolves. 

It has a low electromotive force, about *8 volts, i 
but is a reliable and constant cell. In addition j 
to the above, certain primary cells are v'onstructed j 
for the purpose of serving simply as a standard of 
electromorive force. In all these the object is not to 
obtain a current at all, but to ensure that the voltage ; 
shall be as constant as possible. Clark's cell {q-v,) is | 
one of the best known and most reliable forms. 

Celluloid* Is a mixture of camphor and pyroxylin 
(a mixture of the tetranitrate and jjentanitrate of 
cellulose). The camphor is dissolved in alcohol, and 
the pyroxylin added, and the mass worked together 
between rollers ; then warm-pressed. Celluloid is | 
highly inflammable, but not explosive ; it may be | 
coloured by adding the required colour before work- i 
ing up the mixture. Largely used as a substitute 
forivoiy, horn, and bone in combs, various ornaments, 
etc. 

OeUulofC, (CQH,o 05 )n. Examples of very nearly 
puce cellulose are good Swedish filter paper; well 


washed linen ; purified cotton wool. It has an oigan* 
ised structure ; its chemical constitution is unknown. 
A solution of copper hydroxide in ammonia (Schweit- 
zer’s reagent) dissolves cellulose, and a hydrated 
cellulose is obtained by evaporating the solution or 
precipitating it by 'salt or acids. This fact has 
received several important technical applications, 
as in papermaking, making artificial silk (Instra- 
cellulose), making boards wliich are used in build* 
ing. Zinc chloride and alkaline sulphooarbonates 
also dissolve cellulose ; the solution in the latter case 
is called Viscose. Both these solutions are used in 
making artificial silk (lostracellulose). Strong 
solutions of caustic lioda, (NaOII), act on cellulose, a 
compound, (Ci 2 H 2 oO,„Na, 0 )n, being formed which, on 
washing, gives a hydrated cellulose. When cotton 
goods are treated in this way, and tightly stretched 
to prevent shrinkage, the cotton is Mebcebised — 
it becomes lustrous and dyes better, especially with 
turkey red. The action of a mixture of nitric and 
sulphuric acids is very varied, fke fJoLLODION, 
Guncotton, Pyboxylin, Ceij.uloid, When filter 
paper is dip])ed in sulphuric or nitric acid of 
proper strength. . and then withdrawn, it becor^s 
toughened ; with a rather stronger sulphuric acid, 
unsized paper gives Pabchmekt Papeb ; with con- 
centrated sulphuric acid the cellulose dissolves — on 
dilution of the product and boiling, glucose (a sugar) 
is produce<l. Tliis is the origin of the popular 
expression “making sugar from rags.” Bleaching 
powder solution in presence of air, boiling dilute 
nitric acid, ferric coiripouiids in presence of light 
oxidise cellulose — the last producing the well known 
“ iron stain ” on linen. Cellulose is not digested 
when taken with food ; hence the necessity of cook- 
ing starchy foods, the cell walls of which, consisting 
of cellulose, are burst by the process of cookings 

Celsius* Scale (Beat), The Centigrade Scale 
{(j.v.) 

Celt (Arc?ia?ol,') An implement of stone, bronze, 
or iron, with chisel-.*»haped edga, found among the 
remains of prehistoric man, A Socket or Pot Celt 
is one with a hole at the end for reoSving a handla 

Cement (Build,) See Cements. 

Cementation (Muallurgy'). The older • process 
for the manufacture of steel. Bars of wrought iron 
arc packed in firebrick boxes or troughs, termed 
CoNVEBTiNG J’OTS, along with charcoal powder, and 
heated in a furnace for some days. A part of the 
carbon is gradually absorbed by the iron, converting 
it into steel. The process is now largely superseded 
by the Bessemer Pbocess (q,v.) See also Steel. 

Cement Fillet (Build.) A strip of cement put in 
the angle wlicre the roof joins the wall, instead of 
lead flashing; it serves to make a wateriight joint 
between the roof and the wall. 

Cementing Materials in Rocks (Oeol,) As a rule 

the cement which unites tfie particles of rocks of 
clastic origin is silica, lime, or iron ; but various other 
mineral substances occa.sionany occur along with 
these, or may occur quite alone. lu nearly all cases 
the cementing matter has been carried in by the 
action of percolating waters. 

Cement Joggle (Build.) A V-shaped recess out 
in the vertical joints of stonework, and filled in with 
cement to strengthen the joint ; it serves as a kind 
of connecting piece or Lowell, 

Cements (Build.) Of these, by far tbe most 
important is ordinary mortar. This is defined in the 
building rules of the London County Council as 
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eonsisting of one part of freshly burned lime, mixed 
with three parts of clean sharp sand free from 
earthy matter. Lime itself is produced by beating 
chalk or limestone, which is a more or less pure form 
of calcium carbonate. On heating, calcium oxide, 
CaO, is left behind. When this is “ slaked or 
treated with Wjster, a portion of the water becomes 
chemically combined with it, forming calcium 
hydrate, CaCOH)^. The setting of the mortar in the 
masonry appears to be duo mainly to the absorption 
of carbonic acid gas from the air, which converts the 
calcium hydrate into calcium carbonate ; but there 
is no doubt that the silica in the sand also enters 
into some kind of combination^ lielping to produce 
a hard mass which adheres firmly to the stones or 
bricks between which the mortar is placed. Hy- 
draulic Lime : If a limestone contain a certain 
amount of clay, or material resembling clay in 
chemical composition, the lime made from it has 
the peculiar prt)perty of being able to harden under 
water to a greater or less extent ; such lime is termed 
HYDltAXTliic Lime. Its action appears to be due to 
the formation of a compound between the lime and 
th^ silica contained in the clay, and this hardens 
indei>endently of any absorption of carbonic acid, 
and therefore iloes not require exposure to the air. 
The same property is, however, possessed in a greater 
degree by the following cements. Portland Cement : 
A mixture of one part of lime and two parts of clay 
is tboronglily incorporated by grinding together. 
It is then dried in the air and cut into blocks, which 
are placed in a suitable kiln and burned at a glowing 
heat. Care must be taken in this operation that the 
materials are n<^t actually melted, as, if they were, a 
glassy substance would be produced, wViich would 
be quite ^alue]ess. ^ftcr burning, the substance is 
ground to an extremely fine powder. This part of 
the process is very important to the successful action 
of the cement, and it may be noted that the greater 
part of the product from the grinding mill ought to be 
sufficiently finely ground to pass through a sieve with 
se venf y-six meshes per linear . inch. Portland cement 
may be mixed jfith a considerable quantity of sharp 
sand, and forms an extremely durable and strong 
cement. Portland cement is frequently adulterated 
by the addition of foreign materials, of which the 
chief are gypsum, slag, slate, and unburned lime- 
stone. These have a very deleterious effect on the 
strength of the cement. Htwio/zi Crmnit : A cement 
m:ide from material somewliat inferior to Portland. 
It is about a third of the strength of Portland 
cement, and is about two-thirds of the price. Its 
]^incipal advantage is that it sets more quickly. 
Planter of Parin ': This consists of gypsum which 
has been heated lo drive off its water of hydration. 
It gives a beautiful white and smooth surface, but 
has very little strength. Keens Cement : This con- 
sists of burned gypsum, which has been heated with 
a solution of lime, driefl, re-burned, and ground. It 
is very much harder and stronger than plaster of 
Paris. Parian Cement : Plaster of Paris mixed with 
a 10 per cent, solution of borax. Stucco : Plaster of 
Paris treated witli a solution of gelatine or glue. 

Cement Stone Group ((real.) A subdivision of 
the Scottish Lower Carboniferous Hocks which cor- 
responds to tlie Pallagan Beds of the west of Scot- 
land and the Lower Limestone Kbalc. The name 
was given on account of the occurrence, in the 
shales of these rocks, of thin bands of argillaceous 
limestone like those found in the Lias. They arc 
mostly quite useless for the manufacture of cement. 


These rocks were erroneously supposed to be of older 
date than any carboniferous rocks known in England, 

Cement Tester etc,') A small TsfiPriNa 

Machine used for finding the tensile strength of 
samples of cement, which are moulded into a specaal 
form for the purpose. See Testing Machines. 

Cendal. See Sendal. 

Censer (Arekecaht etc.') A vase or vessel for burn- 
ing incense. The heathen oenscr generally stood, 
and was in form of a tripod. The Christian Church 
uses a swinging censer, hung by chains. In the 
Homan Catholic Church they are called Thubibles. 

Centaur {Myth,) A ^ 

fabulous creature hav- 

ing the body of a horse ^ 

and a man's torso, ^ r 

head, and arms issuing , I 

from the neck of the ak 

animal. Often intro- 
duced in Greek and / 

Homan sculpture. 

Centering or Cen- /ST ^ 

tring (Build,) The ^ ^ 

timber frame support- 'V 
ing an arch during the f 

process Of constrnc- ^ 

(Eng,) Mark- 

ing the centres on 
work for the drilling 

machme, or the ends Cbntack (ifjrt/..) 

of the axis of a piece of 

work to go into the lathe, by means of a centre punch. 

Centigrade Scale (Heat). The scale of tempera- 
ture universally used in science; the difference in 
temperature between the freezing and boiling points 
of pure water is divided into 100 equal parts, the 
former being marked 0®and the latter 100®. The scale 
thus obtained is extended by means of equal divisions 
or degrees above and below the fixed points. 

Centimetre. See Weights and Measures. 

Central Load (Enq.^ Build., etc.) A weight whi(;h 
is concentrated at the centre of a beam or other 
structure. 

Centre Chuck (Eng.) A chuck (q.v.) which auto- 
matically adjusts work of a cylindrical or circular 
form, so that its axis coincides with the Une of 
centres of the lathe. The jaws .are moved by a 
screvr, lever, or other device, and are so connected 
together that however they are moved they are always 
equidistant from the central axis of the chuck. 

Centre Flower (Plagt.) A plaster ornament in 
the centre of a coiling. 

Centre Nailed (Build.) Slates having the nail 
holes near the centre of their length. 

Centre of a Lene (Light). In the case of a very 
thin lens, the centre is the point at which the axis 

cuts the lens: a ray 

passing through this \ A 

point will not be / V / ''"c 

bent by the lens, {.-*•) f 

whatever its direc- - j \ ^ -*■ [ ■■■ I > - 

tion. In the case of / / I I 

a lens of finite thick- Jp*/'**^ \ \ 

ness it is a point \/ \ \ 

(which is not neces- v— a 

Nvrily within the Fic.l. Fio. 2. 

lens) such that any Ceotbb or a Lens. 

ray passing through it is undeviated. Let AO be a 


Fic. 1. Fw. 2. 

Centkb of a Lens. 
undeviated. Let AO be a 
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K;obmal Cy.f.) to one surface of the lens at A, and BD 
be the iunmnl to the second surface wliich is parallel 
to AC, Join AB, then the jjoiiit o is the centre. 

CentFe of CitrYatare* If two normals be drawn 
to any cui\e, they will intersect on the concave side 
of the curv’e. If the two points from which they 
are drawn approach one another till they are at an 
indnitesimal ^stance apart, then the point of inter- 
section of the two normals is called the Oentbis of 
CUBVATUBB of the curve, and the distance from 
the curve to this centre is termed the Badius of 
CCBVATBBH. 

Centre of Gravity (PZ/y-s., Merhatwa), A point in 
a body through which passes the resultant of all the 
parallel forces exerted by gravity on the particles 
composing the body. In more practical language 
the centre of gravity may be said to be a point about 
which the body would balance in whatever jjosilion 
it might be placed. 

Centre of Oscillation {Physiat). See Tendulum. 

Centre of Pressure {Phys.') When a tiuid pressure 
is applied to any surface, a jioint can be found through 
which the resultant pressure (or resultant of all the 
forces exerted on c\ery element of area of the sur- 
face) acts. This point is the Centre of Pressure. 

Centre of Suspension (Phys?rsy Str Pe^'dulum. 

Centre Piece (Pinni.) See Centhe Floweb. 

Centre Plates (^Pattem Mak\ny\ Metal plates 
used for holding together parts of a jointed pattern 
while being turned in the lathe. 

Centre Punch {Bug.) A punch used for marking 
the point where the centre of a hole is to be drilled, 
or as a guide for some other measurement. 

Centre Square {Eng,) A form of square with 
two studs on the stock. W*hen these studs touch the 
oircumferGuco of a circle, one edge of the blade of 
the square passes through the centre of the circle, 
so that by marking a lino with two positions of the 
square the centre 
of the circle can 
be found. in 
another form 
there are two 
straight edges 
fixed at an angle 
with each other, 
forming a wide 
V, between the Cunt he Squakes. 

arms of which 

the circular object can be placed. The blade of the 
square is fixed so that one edge bisects the angle of 
the V, and therefore passes through the centre of the 
square. Both forms of centre square are shown in 
the illustration. 

Centre Weighted Governor (Eng.) An engine 
governor whidi has a heavy weight 'attached to the 
central spindle, so that it is moved up and down when 
the speed varies. ' /fee Govehnob. 

CentrlfiigAl and Centripetal Force. When a 
body is constrained to move along a curve, it exerts 
a force along the outward-drawn normal to the curve. 
This force is termed the Centrifugal Force. Its 

amount is where m is the mass of the body, 

p its velocity, and r the radius of curvature of the 
path. The force which causes the body to continue 
in its ourveil path is equal in amount, but opposite 
in dli'ection, to the centrifugal force: it is ofteu 
termed the CEVTBiPETAn Force. If a mass, attached 


to a string, be whirled round in a circle, the centric 
petal force is the pull exerted by the string. 

Centrifugal Pump. A pump in wMoh a high 
velocity is given to the water by the blades of a 
rapidly rotating fan. Its continuous action and the 
absence of valves are its chief advantages. 

Ceramics, See Fotjeby and roBOELAiN: 

Ceramography. Historical and technical desetip* 
tion of pottery. 

Cerebellum {Zoology). The term applied to a part 
of the hind brain. It fumrtions in maintaining the 
balance of the body. 

Cerebrum. The fhass of nervous matter forming 
the anterior portiou of the brain. In the higher 
vertebrates it constitutes the largest part of the 
brain, and in man fills nearly the whole cavity of 
the skull. 

Ceresiue. An earth wax obtained from Ozokebitb 
{q.v.) Used principally for mixing with beeswax. 

Cerium (6Vitfw.), Ce. Atomic weight, 140. A rare 
metal resembling iron in appearance ; it occurs as 
silicate in the rare mineral Cebite ; it belongs Jo 
the same group of elements as carbon in the Periodic 
System (y.r.) Tlie dioxide Cet\ forms 1 per cent, of 
the Welsbach Incandescent Mantle {q*v.) The 
crude sulphate made from ccrite is used in dyeing ; 
the oxalate is used in medicine to prevent vomiting. 

Cerography. (1) Writing, painting, or engraving 
on wax. (2) The encaustic painting of the ancients, 
(d) Painting in wax colours. 

Ceroplastic. Tlie art of modelling in wax. This 
art was pract ised in early times and in the llenais- 
sance, the figures often being coloured. Home of the 
finest c^xamplc'S are Michael Angelo’s studies, now at 
South Ken.singt«>n. 

Cerulean {Paint.) Of the coIr)ur of the blue sky : 
azure, 

Cerulein. See Dyes and 

Cerussite {Mio.) Carbonate of load, l^Oj. 
Oxide of lead ^ 8:^*5, ca»bonic acid r? 16'5per cent. 
Usually in rhombic crystals, but also massive. The 
lustre is peculiarly brilliant. Twinning often pro- 
duces a radial arrangement of the individual crystals. 
It is probably derived from the decomposition of 
Anglesite in many ca.«?es. In quantity it is a valuable 
ore of lead. Found at Caldbcck Fells, Alston Moor 
in Cumberland, Comw^all, Dumfriesshire, and many 
places abroad. 

Ceryl Alcohol. C^H^jOII. A white crystalline 
mass ; melts at 79°. Combined with Cebotic Acid, 
C^Hj^Ojf, it forms Chinese Wax, . H^jCOOC^H^j. 
It belongs to the same series of alcohols as common 
or ethyl alcohol. 

Ceupoolfl {Hygiene), Cavities to receive the 
sewage from hou^e3 in districts where the water- 
carriage system for the removal of waste mattej's 
has not been adopted. They should fulfil the fol- 
lowing conditions : Be absolutely watertight, well 
ventilated, placed a safe distance from wells and 
streams, regularly emptied and cleansed, and without 
overflows. 

{Plumbing), A box lined lyith lead, at the 

end of a gutter. 

CestUB {Arclttsol,) A boxer’s glove, used by the 
Greeks and Romans. It was generally formed of 
thongs of leather wound round the hand and wrist. 
Metal bosses were sometimes added, or the leather 
was loaded with lead or iron. 
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Cetyl UoohoL CjoH^OH. A white orjstalline 
mass ; melts at 49*5^. dumbmed with palmitic acid, 
formingcet 7 lpalmitate,Ci 5 H„ 0000 ,,H|^ itis the chief 
ingredient of Spebmacbti. It belongs to the same 
series of alcohols as common or ethyl alcohol. 

C.F. {Myitio), Abbreviaticm for canto fermo. 

Chabazite ImH,) A rhombohedral Zeolite (q.v.) 
occmrring in drOsy cavities in basic lavas. Com- 
position, a hydrous silicate of aluminium, calcinm, 
and potassium. Found at Ciants’ Causeway, Ireland, 
Greenland, United States, etc. 

Chain* A number of loops of metal linked to- 
gether. Each loop is welded up, in the <‘a.se of laige 
chains ; in smaller ones it may b^ brazed, soldered, or 
merely bent into form, according to its material and 
the purpose for which it is required. 

(^Surveymg, etc.) In Kurve 3 *ing, the sur- 
veyor’s chain is tlic instrument most frequently 
employed for the direct measurement of distances. 
It is in the form of n chain of one hundred links of 
iron or steel, wire. Its length is usually 66 ft. Sec 
aUo Weights and Meahuees. 

Chain Adjustment ( Cycle). The device by which 
the hub of the back wlieel and the sprocket wheel 
on it can be moved farther from the crank axle to 
** take up ” tlie slackness due to stretching of the 
chain. The back axle is moved in the fork ends by 
means of the ‘‘adjusters,” and held in place by the 
nuts which screw tiie collars on the axle closely up 
to the slotted fork ends. 

Chain Barrel (AVf/.; A cylinder on which a chain 
is wound up in some forms of machinery, such as 
cranes. It may have a groove in which the chain 
can lie, or may be a jdain cylinder. 

Chain, Driving (^Cycles and Cara), There are two 
chief types : ISlock (.'haixs, in which the two side 
links arc connected to a solid piece or “ block,” and 
Koller Chains, in wdiich the screwed pin on which 
the links hinge runs tltrough a tabular roller, wliich 
can revolve as it passes over the teeth of the chain 
wheels, thereby diminishing the fri6lion. Many 
special forms of driving cliains are now' made for 
the cycle, motoF, and engineering trades. See also 
Cycm^s. 

Chain Moulding {ArchiUet.) * An enriched mould- 
ing re.senibling a chain, used in Norman work. 

Chain Pillars (Mhiiny). Masses of rook left on 
eacli side of a gangway or principal level to prevent 
the collapse of the roof. 

Chain Pump {JSng.) A pump in which a number 
of discs, fixed on a chain, run through a cylindrical 
barrel, and serve as a siicce.ssion of j)ist.ons for 
raising water up through the barrel. 

Chain Riveting (A>y.) An arrangement of rivets 
in parallel rows. 

Chain Survey* A survey carried out b}' means of 
the chain only, no theodolite, etc., being used. 8(*v 
also Tbi angulation. 

Chain Warp {Cotton ireaviny). A Warp (q,v.) 
of considerable length and fewer threads than a 
balled warp. It is looped or linked in the form of a 
chain so as to facilitate its progress during dyeing 
and sizing ox)crations. Usually prepared on a chain 
or lease warper. 

Chain Wheel ( Cycles and Motor Cars, etc.) A 
wheel with teeth of a suitable form to engage the 
links of a driving chain without shock or undue 
friction. The block or roller {see Chain, Driving) 
must be able to lie between two teeth with the 
necessary clearance. 


Chair {£!ng.) Tiie iron casting by which a rail is 
fixed to the sleepers on a railway. The rail drops 
into a wide opening in the chair, and is fixed by 
wedges of wood. 

— — {Glass Memufac.) A group of workmen in a 
glass manufactory who attend to a certain number 
of crucibles. Cf, Companionship 

f Cnrule. A folding seat 

used by K^mian officials as a 
mark of distinction. It was 
generally richly decorated with 
ivory inlay, gold, etc. Those 
entitled to use such a seat were 
called Cwmle magistrates. 

Chair Rail {Carp.) A wood 
moulding fixed to the wall 
to protect the plaster from Chair, Cubuls. 
injury by the backs of chairs. 

Chair, Sedan. So called from Sedan in the north 
of France, where first used. A closed vehicle for 
carrying one person. It w'as glazed at the sides 
and in front, often elaborately decomted, and was 
borne by two men by means of sh(mlder straps 
attached to two long poles. The Sedan chair was 
extensively used in this country by the wealthier 
classes during the seventeentli and eighteenth 
centuries. 

Chalcanthite {Min.) Hydrous sulphate of copper* 
OuSO^.SHjO. Oxide of copper— 31 *S, sulphuric an- 
hydride = 32’1, water = 36*1 per cent. Also called 
Blue Vitriol. It occurs in sky blue crystals of the 
anortldc system and in encrusting mjisses. It rchults 
in nature from the decomposition of copper pyrites. 
Found in Cornwall, Ireland, the Harz, etc. 

Chalcedony {(rool.) A mixture of Colloidal 
{q.v.) or opaline silh’a with a microcrystalline form 
whose exact nature is as yet imperfectly known. Pro- 
visionally this crystalline const ituent is referred to as 
Quabtzine. Chalcedony forms the chief constituent 
of agates, and it is also the basis of flint, chert, 
jasper, carnelian, bloodstone, sard, etc. In many 
ca.ses it has originated through the deposition of 
silica derived from the decouipositioii of silicates. It 
often occurs as a content of the steam cavities of 
lavas, sometimes in stalactitic forms. When de- 
posited in horizontal lay'ers it is called Onyx. The 
onyx of jewellery is produced by allowing the more 
porous layers of such chalcedony to take ui^ a solution 
of sugar, which is then blackened by exposure to 
sulphuric acid. 

Chalcocite {Min.) A synonym for Coffee 
Glance {q.v.) 

Chalcography. The art of engraving on copper 
or brass. See Engraving. 

Chalcolite {Min.) A svnonvmforC’OPPBRURANiTB 

ChalcopypitcB {Min.) A synonym for Copper 
Pyrites {q.v.) 

Chalcotrlohlte {Min.) A variety of Cuprite, the 
red oxide of copper (q.v.) 

Chalcotript* One who takes rubbings of 
** bras.'<cs.” 

Chalice* A name generally given to the cup in 
whicli the wine for consecration is placed at the cele* 
bration of Holy Communion. Chalices are generally 
mad© of either gold or silver, and are often of 
beautiful design and elaborate workmanship. 

Chalk {Geol.) A term applied exclusively to the 
marine limestones of the Uf^r Cretaceous Bocks of 
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Britain. Typical chalk is soft and earthy in 
texture; but this type is confined to the south* 
east of England. It is a rock of deep water origin, 
formed from a deposit analogous to the recent fora- 
miniferal oozes. It ranges in thickness from a hundred 
feet or so to more than ten times that amount. See 
eileo Calcium Compounds. 

{Faint) Chalk is often prepared and used 

for drawing. The name is then generally used in 
the plural. Applied also to other coloured prepara- 
tions resembling chalk used in the form of crayons 
for drawing. 

Chalk Draving. A drawing sketched and filled 
in with black or coloured crayons. 

Chalking {Dec.) A condition of wlute or light 
paint work in which white lead has been used, and 
whore the paint has a chalky appearance and may 
be rubbed off with the hand like whitewash. Chalk- 
ing is common near the sea. It may be ]ireveuted 
by adding zinc white {q,v.) to the white lead. 

Chalk Line, A long ]>iece of string (on a reel) 
chalked and diawn tight, for marking straight lines 
on long pieco-s of work. 

Chalybeate Waters. VVaters containing iron in 
the form of ferrous carbonate held in solution by 
carbon dioxide. Famous waters of this kind are 
those at Ilomhurg, Spa, Tunbridge Wells, Harrogate. 

Chalybite {Min.) Carbonate of iron, also called 
SiUDBiTE. It occurs massive or in rhombohedral 
crystals with curved faces. Usually weathers to 
a brownish or black colour. It is an important 
ore of iron, containing (U) i»er cent, of iron and 36 per 
cent, carbon <lioxide, and often a little calcium, et(‘. 
tit is often found as a replacement product of lime- 
stone, calcium being replaced by iron. Found in 
Cornwall, Alston Moor, and Creator Moor in Cumber- 
land, in i^axony, the United Slates, etc. 

Chambered Core {Fomulry), A C’oke (jr.e.) 
which is larger at it.s central portion than its ends. 

Chamfer {Carj}.. He,) A narrow flat surface 
formed along the edge of a piet-e of material by 
removing the sharp edge or Akuts O/.r.) 

Chamfer Plane. A plane with guides or fences 
that can be set so as to form a chamfer of any 
required width. 

Chamfron {Arm.) The armour for protecting the 
fore|)art of the head of a warhor>c. 

Chamois {Zool.) JB/kiprieapra Iroffun (family, 
JSovida?). A well known goatlike antelope of 
Houtbem Europe. The skin originally furnished 
Chamois Lbathbe (</./•.) 

Chamois Leather er Wash Leather. Originally 
obtained from the chamois ; now made from the 
fiesh-split of a sheepskin. It is first split, 

then put into machines, sprinkled with cod-liver oil, 
and pummelled, more oil being added at intervals. 
The skins are then allowed to heat until they turn 
yellow. They are then washed free from excess of 
oil. It is largely used in various trades and for 
domestic purposes for cleaning. 

Ohampleve {Enamel),, See Cloisonne. 

Chancel {Architect.) See Choir. 

Chance's Process {Cltem.) A method of recover- 
ing the sulphur from Alkali Waste. See Alkali. 
There are two stages in the reactions of the process. 
Carbon dioxide is passed through a series of vessels 
containing r the alkali waste suspended in water. 
In the earlier . ve8.(<el8 the carbon dioxide forms car- 
bonate of lim^ "(which can be toasted to yield fresh 


supplies of carbon dioxide) and sulphuretted hydro- 
gen. thus; CaS + H*0 + CO, - CaCO, + 8H,. This 
mixture of CO, and 6H, passes into the succeeding 
vessels, where the SH, first forms hydrosulphide of 
lime, which in turn is decomposed by the carbon 
dioxide, yielding more sulphuretted hydrogen, thus; 
{a) CaS + ra,=*Ca(SH),; {b) 0a(SH),+H,O + C0,« 
CaCO, + 28H2^ The sulphuretted hydrogen is collected 
in gasholders, and utilised either by being completely 
burned to sulphur dioxide and water, the sulphur 
dioxide being used for the manufacture of sulphuric 
acid (jj'.r.). or it is burned in a Claus kiln with a 
supply of air only sufficient to form sulphur (tech- 
nically known as Recovebed Sulpbub) and steam, 
SH, + 0 = S + HgO: 


Change Wheels (Any.) The gear wheels em- 
ployed in a screw-cutting lathe to connect the 
AIandbel {q.t\) and the Leading Screw (y.e.), in 
order to produce the required traverse or motion of 
the slide rest in screw-cutting. 


Changing Notes {Music). Dissonant* notes used 
in counterpoint, third species, on the second and 
third beats of a bar, a tliird apart ; one above and 
the other below the liarmony note. ^ 

Channel Iron {Eng.) Wrought iron bars rolled 
into a channel-shaped section — i.e. forming three 
sifle> of a rectangle. Used for girders, roofs, and 
other structural purposes. 

Chantry. A chaj)el, altar, or other portion of a 
church endowed for the maintenance of a certain 
number of priests to sing daily mass, generally for 
the .vouls of the founders. 


Chape. (1) The metal mounting of a scabbard, 
pai-t jculai ly that at the tip. (2) The part of a huckle 
by which it is fastened to the strap. 

Chapel {Fgjfog.) A meeting or union of the men 
employed in a piinting works, for the purpose of 
arranging or considering matters affecting them- 
selves or the trade generally. 'J’he term is thought 
to be derived from C’axton\s connection with West- 
minster Abbey. The chairman oa spokesman is 
termed the “ Father ” of the Chapel. 

Chapclle de Fer (Arm.) A plain iron helmet 
with a brim, shaped like a hat. It preceded the 
Dascinet { g . v .) 

Chaperon. A small ornamental shield formerly 
placed on the horses' heads at funerals. 

Chaplet or Stud {Moulding). A metal support 
for a core in the mould. 

Characteristic Curves {Elect Eng.) Curves used 
to show the relation between the CUBEENT and the 
Voltage in dynamos and motors, or tlie relation of 
Torque {g.v.) and Speed in motors. Much infor- 
mation as to the working of the machine can be 
()btaincd from an examination of these carves. See 
also Internal and External Characteristics. 

Charcoal. ' The residue from the destructive <lis- 
tillatioD of wood. Wood heated to a high tempera- 
ture out of contact with tlie air, in order that the 
volatile portions may be driven off, yields very nearly 
pure carbon. Animal matter also yields a very pure 
carbon. See Animal Charcoal. 

{Faint.) Sticks of willow charcoal are 

used as crayons, especially for outline drawing on 
canvas. 

Charcoal Blacking {Moulding). Finely ground 
charcoal for dusting over the surfaces of a mould. 
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GhEVOoal Bump (2^c.) A portable grate in 
which charcoal is burned; used in burning off old 
paint previous to repainting. Is becoming rapidly 
superseded by the buming-off lamp, but is useful 
when the old painted surface is flat and of con- 
siderable extent. 

Chajpcoai Iron etc.) Iron prepared in 

a furnace where charcoal is the only fuel. It is the 
finest and purest variety of iron, and of great value 
for electrical work, such as transformer cores, 
armature discs, etc. Now only made in Sweden. 

Charcoal Plate iEtig.) Thin sheets of iron for 
the production of tin plate, made from iron refined 
with charcoal instead of with coke. 

Charffe {Her^) Any heraldic figure depicted on 
a coat of arms. 

{Met,) The mixture of ore and fuel intro- 
duced into a furnace at one time. 

{Eng.) The mixture of air and gas drawn 

into the cylinder of a gas engine at one stroke. 

Charged tMcr.) A shield is charged when it bears 
upon its surface some heraldic figure. 

Charge, Electrical. A quantity of electricity at 
re.?t as distinguished from a current. It is obviously 
necessary to define “ Electricity ” with exactnes.s 
before a “ Charge ” can be properly defined, and this 
has scarcely been done up to the present. See also 
Electbicity. 

, Reeidual {Eleet.) A small charge which may 

usually he obtained from a LfnrDEN Jab or other 
CONDEN.SEB (q.r.) after it has been discharged once. 
Frequently several residual charges may be obtained 
in succession, gradually diminishing in amount nrtil 
too small to be detected. 

Chariot (Arohatol.) The earliest and most primi- 
tive form of carriage, consisting generally of a low 
platform on two wheels and a raised and curving 
protection in front. 

Charles’ Law (Beat). The volume of all gases 
varies a.s their absolute temjKjrature (q.e.) if the 
pressure remain unaltered. Expressed algebraically 
we get, if Vt tflld Vo arc the volumes at t® and O®, 
respectively (on the Centigrade scale) 

__ i>7:> -p t 
Vo “■ 27;j 

The same law may be ex].)ress<*d by the statement 
that all gases have (approximately) the same co- 
efiicient of expansion, which is about -00367 of the 
volume at 0®C. 

Charlton White {Dec.) A valuable white pig- 
ment. See Orb’s Zinc White. 

Charm {Archaol.) See Amvtlet. 

Chase {Build.) A channel cut in a wall to receive 
pipes, etc. 

{Typog.) An iron frame for holding type 

when set up for printing. 

Chated. The term is applied to metal or plate 
embosse<i and engraved in relief. * 

Chaie Mortise {Carp, and Join.) A mortise with 
a sloping surfacie to slide a tenon into. 

Chaser {Efig.) A tool used for cutting .screws by 
hand in the lathe ; rarely used except in light work, 
such as that of opticians, who have to cut. fine screws 
on thin brass tubing. It consists of a flat blade 
having a number of teeth at the end, which corre- 
spond in shape to the grooves l)etween the threads 
of the screw which it is required to cut. The chaser 
is moved along the top of the T-Rbst (g.v.) as the 


work rotates in the lathe. To adjust the rate at 
which the tool must be moved at first in order, to 
** strike the thread requires considerable skill,; but 
when the thread has once been started, the finishing 
process is not very difficult. On this account the 
ohaser is often used for finishing off a thread whioh 
has been struck or started by means of STOCKS AND 
Dibs {g,v.) or by other mech^ical means. 

Chase Wedde {Plmibing, etc.) A hard wood 
wedge with a handle. Used for bossing sheet lead. 

Chasing {En^.) The process of catting screws 
with the Chaser {q,v.) 

Chasuble (Cost,) The chief ecclesiastical vest- 
ment, worn by all grades of tlm clergy. Its original 
form was a circle, with a hole in the middle for the 
head to go through; but later the sides were cut 
away to give freedom to the arms. It is worn over 
all other vestments. 

Chatter {Eng.) The waviness produced on the 
surface ot work by vibration of the tool, etc. 

Check {Eng.) (1) A general name for a joint in 
which one part fits into another. (2) A disc on 
which is marked a number assigned to each work- 
man for convenience in timekeeping. The check is 
left at the timekeeper’s office by each man on 
entering the works. 

Checking Motion ( Cotton Weaving). A mechanism 
for automatically changing shuttle boxes on a loom, 
Ko that sliuttles containing different colours of weft 
may be brought into action to give any desired 
colouring or check effect. Two distinct systems 
are in use : (1) Rising and falling boxes. (2) 
Revolving boxes. 4 

Check Nut or Lock Hut {Eng,) A subsidiary nut 
screwed on a bolt on top of the ordinary nut to 
lessen the chance of its working loose. 

Check Pattern {Teartiles). Applied to all patterns 
I consisting of squares, whether of colour or vreavc. 

Check Rail {Eng.) A third or subsidiary rail laid 
on the inner side of a sharp curv-e on a railway ; it 
just touches the side of the flange of the wheel, and 
relieves the pressure on the outer raiL 

Check Valve {Eng.) A valve which prevents the 
escape of water through the feed pipe of a boiler. 

Cheeky {Her.) A shield divided into small 
squares, generally six rows, sometimes less, the 
squares being alternately of different tinctures, like a 
chessboard. 

Cheek {Carp., etc.) (1) The piece forming the 
side or jaw of a carpenter’s bench screw or vice. 
(2) A general term for the sides or flanks of various 
objects, e.g. the sides of a tenon. 

Cheese (Foods). Prepared by curdling, by moans 
of some kind of acid, whole milk, skimmed milk, or 
milk to which cream has been added. Re.vnbt 
(^. r.), which is obtained from the fourth stomach of 
the calf, is generally used for the purpose. Cheese 
is highly nutritious, containing a large amount of 
proteids and fat. A substance call^ Annatto is 
much used for colouring cheese. Cheshire, Cheddar, 
and double Gloucester cheeses are made from whole 
milk, and Stilton from a mixture of milk and cream. 

Chelsea. The Porcelain Manufactory at Chelsea 
was established about the year 1745. In 1769 the 
business and the works were sold to Williaai Duesbury, 
of Derby, and the manufactory was .jsiosed in 1784. 
During its forty years of existence the Chelsea factory 
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produced some of the most beautiful of English 
Soft Pastk. The porcelain was celebrated for its 
beautiful glaze, its brilliant colours, flue painting, 
and rich gilding. The Dabk Blub of Chelsea is 
especially famous. For marks, are nnder Pottbby 
AND POJtCELAIN. 

Ohemioisl Aotlon* Wlien one substance or when a 
number of substances react under such conditions 
that one or more new substances are produced, 
chemical action is said to have taken place. The 
oconnence of chemical action is dependent on 
many conditions ; e.y. (1) Temperature : e.g, arsenic 
pentachloride can be maile by passing chlorine into 
tlie trichloride belou' — 25® ; above this the penta- 
ohloride cannot exist.' (2) PrexKvre ; e,g. in Brin’s 
oxygen process (^.r.) barium dioxide is formed at 
TOO** under a pressure of two atmosplieres, but at the 
same temperature it is dccomposcrl under a pressure 
of a few inches of mercury. (3) Maa.^ : e.g. when 
steam is passed over red hot iron the magnetic oxide 
of iron (Fe,0^) is produced and hydrogen liberated ; 
but if hydrogen is passed over heated magnetic oxide, 
iron and steam are produced. Hence it is clear that 
for a given mixture of iron and magnetic oxide the 
direction the reaction will take will depend on the 
relative masses of steam and hydrogen passing over 
the mixture. (4) Light : equal volumes of hydrogen 
and chlorine may be kept mixed together in the 
dark indefinitely, but light brings about union 
between them, (h) CeUalytic Aetwn. Catalysis. 

GhemicaJ Affinity. See Affinity, Chemic al. 

Chemical Engineering. See Physio-Chemical 
Enoineebino. 

I Chemical Equations. A chemical equation is a 
collection of Chemical FoBMULiE ig.r.) so 
arranged as to indicate what substances take 
part in a reaction and the relative amount of eacli, 
and what substances result from the reaction and 
the relative amount of eacl; ; also an equation is 
always an expression of the principle of the 
Indestructibility of Matter; r.g. Zn + TT^SO^ 
■B ZnSOj + Hj, indicates that (55 parts by weight 
of zinc acted on by 98 parts of sulphuric acid will 
give 161 parts of zinc sulphate and 2 jjarts of 
hydrogen, i,e. (65 + 98) « (161 + 2) : but the equation 
does not indicate whether hexit must be applied ; 
W'betherbeat is evolved or absorbed; that the acid 
must be dilute ; and the zinc in coiitaet with a less 
easily oxidised element (carbon, iron, copper, or 
platinum) than itself. Sometimes in.^tead of the 
sign of equality — , the sign ^ is used ; the latter 
sign means that the reaction will take place in 
either sense according to the conditions, i.e. the 
substances denoted by either of the two sides of the 
equation may combine to produce those on the other. 
S(^ Chemical Action, 

Chemical FormulaB. A formula is a group 
of Chemical Symbols (g.v.) intended to denote 
a particular oom|K)und ; the formula also always 
stands for one molecule of the comjjound and 
therefore a certain relative weight of it, and from 
the symbols composing the formula we learn what 
elements are contained in the compound, while from 
the numbers suffixed to the symbols wc learn the 
number of atom.s of each element in a molecule of 
the compound. A for/niihi wrbich tells us no more 
than this is an Empirical Formula (y.r.) A 
formula so vvritten as to imlicate some of the 
reactions of formation or decomposition of a 
compound is called a Constitutional Formula. 
A formula so written as to show the supposed 


mode of union of ail the atoms in the molecule of 
the compound with each other is called a Graphic 
Formula : e.g, HgSO. is the empirical formula for 
sulphuric acid ; is a constitutional formula, 

and suggests, among other things, that it is a diha»ie 

acid. H graphic formula, and, 

ignoring spacial considerations, represents the 
probable mode of union of the atoms in the 
molecule. See aho Stereoisomerism. 

Chemically Formed Rocks. A.s the term Ls 
iisually employed these comprise but a small 
variety of rocks, of wdiioh the chief are KocK 
Salt, Gypsum, and Dolomite iq.v.) Strictly 
speaking, these shoilld bo regarded as Minerals 
ratlier than Rocks (//.?’.) 

Chemical Pulp (^Pap&r Mairnfac.) I*ulp made 
from wood or oilier crude cellulose by treatment 
w'ith caustic soda or bisulphite of lime. 

Chemical Symbols. A chemical symbol is a letter, 
or two letters, used to denote a particular element, 
and it also denotes one atom, and consequently a 
particular relative weight of the element. AVheu the 
symbol, not being joined to other symbols, has, a 
number suffixed to it, the number indicates the 
number of atoms supposed to be united to form the 
molecule of the element. Thus H stands for 1 Atom 
of Hydrogen ; Hjj for I Molecule of Hydrogen, 
llg stands for 1 Atom of Mercury (^Laf, HyoKAK- 
OYRUM) and also for the Molecule of Mercury. 

Chenille (^Fahrie), A figured pile fabric, such as 
tabloi;overs, curtains, carpets, composed of chenille 
weft yarn. 

{Thread), This is a w(»ven fringed thread, 

consisting of a few cotton or founclation threads tf> 
which the vveft is adf(ed in a prescribed order of 
colouring. 

Cheniscus {ArrhepoL) The termination of the stern 
or prow of <»reek and Roman ships which turned up 
like a goose’s neck and frequently had a goose’s 
head, carved at the extremity. 

Chequers {Fng., etr.) (1) ^Projections of 
re<itiingular or <liainorid shape on plates of motal 
forming a tloor. (2) An uiHjnwork arrangement 
of brickwork throuirh which the hot gases pass 
in Re(}bnkbative Furnaces {q.r.) 

Cherry. The stone fruit of Prunns oerasm (order, 
Rosacea* ), »Sr aho Woods. 

Cherry Coal. See Coal. 

Cherry Red. A bright red heat (y.f.) 

Chert {(ieuL) Usually occurs in the form of 
concretionary nodules in liino.stoue in the same 
manner as flint occurs in clialk. Both flint and chert 
consist fundamentally of a mixture of opaline 
and eryptocrystalline silica, which is knowm as 
Chalcedony ((?.v.) ; but various impurities ar« 
present in bf)th. Those in chert are usually more 
or less calcareous. Like flint, cliert has been formed 
from w(;ak sflliitions of silica derived in the first 
instance from organic structure, such as the siliceous 
spicula? of sponges. 

Cherub {Art.) The head of a beautiful child 
angel, winged at the neck. 

CheBsylite (il/ia.) A synonym for Azubite (y.w.), 
<!erived from Chessy in Frant^e, an important locality 
for the mineral. 

Chest {Fmn.) A lai^c box or coffer. A very 
common article of furniture in the middle ages; 
often made of oak and carved. 
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CSieitnut. Cti9taaim vtdjfarU (order, Mgaeeai). 
The sweet cliestnut is of value not only for its 
edible fruits, but also for tne bark, used as a tanning 
agent. The prepared saplings form the walking 
sticks known in the trade as “ Congo sticks.” 
See aho Woods. 

Cheval de Frlse (ArcHteet.) A wood or iron bar 
from which spikes project. It is frequently use<l as 
a means of protection on ground floor window sills 
and on parapet walls. 

CheYiot (Woollen Nanufar.) A fancy woollen 
fabric mmle laigely of cheviot and cross-bred wools. 

Cheypon (Architect,') A reijeating ornament used 
on Norman mouldings. It 1 % also known as tiic 
ZIOZAG, a name wliich indicates the form of the 
ornament. 

— (Tier.) One of the honourable ordinaries. 
Formed by two bands one-iifth or one-third the 
width of the shield, issuing from opposite sides of 
tbe base of the shield, and joined rather above the 
centre. • 

Cheyponel (Her.) Diminutive of the chevron. 

•CheYFonny (Her.) Lines or bands in form of 
cJievrtms dividing a shield. See Chkvbox. 

ChiaroBCUPO (Paint., etc.) The distribution of 
light and shade in a picture. (1) The ai t of estab- 
lishing a right relation between the jjarts of a picture 
whicli arc in liglit and those which are in shadow, so 
that a proper degree of form-definition and tone- 
gradation may be obtained. (2) As a factor in com- 
position, the division of tlie area of a picture into 
liglit and dark surfaces so a.s to pro<luce an agreeable 
optical effect and an attractive pictorial iiattcrn. 
Toe study of eliiarosi-uro was based uixm the atten- 
tion given by the groat artists of the lienaissance to 
motleiling — i.e. to the use of shading, by whicii a 
correct impression of variations of projection and 
recession couhl be created. The chief masters of 
chiaroscuro were Ttembrjindt, Titian, Kubons, and 
tyoreggio.^ Tlie term was, at one time, applied to 
pictures in which only two colours were employed, 
black and wh?¥e. 

ChiaBtolite (Min.) See A.nualu.sitk. 

Chicory (Poods). The powdered root of a wild 
endive (V'lchoriuvi hittjhus). C’hicory differs from 
coffee in containing a mucli larger quantity of sugar, 
a smaller amount of fat, and no caffeine. Substances 
used to adulterate coffee may be employed to adul- 
terate chicory. It is generally added to coffee, the 
mixture being readily detected by examination witli 
the microscope. 

Chief (i/rr.) The most honourable ordinary. 
Placed at the head or top of a shield, and occupying 
one-tliird of tlie field. Formetl by one horizontal 
stmight line. 

Ghiesa (Music), See Camkba. 

Chili Copper (Min.) Ore containing black oxide 
of copper. 

Chili Saltpetre or Caliche (Chem.) Sodium 
nitmte, fouua native in Ohili and largely exported 
as a nitrogenous manure and for use in various 
chemical manufacturing processes. 

Chill (Hng.) A metallic mould used for (,*hillinq 
(q.v.) 

Chilled (Paint.) The varnish on a picture will 
become clouded and dim when hung in a damp 
atmosphere; it is then said to be chilled. 

CaiillieB. Sec Capbicum. 


Ohilling (AVd^.) The hardening of a casting by 
the use of a mould made of mSal. Only oe^n 
kinds of cast iron can be successfully obilled ; when 
properly done, a very hard surface is produced. 


Ohinuera, Chimera 

breathing monster com- 
posed of various parts 
of different animals — 
viz. a lion's head with 
wings, the body of a 
goat, and the tail of a 
ilragori; or other fan- 
tastic combinations. 


(Myth.) A fabolouB ffre- 



ChimjKBa, Lyctan Terhacotta, 
Bkitibh Museum. 


Chimney (Hygiene). The chimney plays an im- 
Ijortant part in the ventilation of rooms, being a 
powerful extractor. When a fire is burning in the 
grate, a constant current of air passes up the chim- 
ney at a rate varying from 3 to 6 ft. per second. 
Chimneys are often tapped near the ceiling for the 
insertion of outlet ventilators, such as Boyle’s and 
Aniott’s valves. See Aspibation, Ventilation by, 
a 7 id Ventilators. 


Chimney Bap (HuUd.) A bar of iron supporting 
the brick ring (arch) of a fireplace opening. 

Chimney Bond (Build.) The Bond or mode of 
laying the bricks used in the WiTHES (q.v.) of 
tthimneys ; all the bricks are laid as Sthbtchbbs 
(q.v.) 

Chimney Breast (Build.) The part of the walls 
containing the flues, and projecting into the room. 

Chimney Shaft (Build.) (1) A tall chimney 
containing one flue. (2) A factory chimney. 

Chimney Stack (^Bvild.) A chimney containing ^ 
number of flues grouped togetlier. In engineering 
the term is often applied to a single lofty shaft, 
though chimney shaft is more correct in this case. 

China (Pot.) (1) A species of earthenware, 
Rcmi-tranKparent, first manufactured by the Chinese. 
(2) Any imitation of that ware. &)e B6TTCHEB 
Ware, Tottery and J*okcelain. 

China Clay or Kaolin. A pure form of clay 
resulting from the prolonged action of subter- 
ranean water upon felspars, cdiiefly those which 
contain ii6tash. China clay is not simply the result 
of the weathering of felspar, as is often thought to 
be the c^iso. It is of considerable importance in the 
arts not only for the manufacture of china and porce- 
lain, but also as an excellent pigment, reciuiring only 
Icvigation and drs’iug to tit it for use. It is largely 
employed in the manufacture of paper, as a filler, 
and as a base in the manufacture of Lakes (q.v.) 
St'e also Alumina. 


Chinchilla. Chinchilla lanigera (family, Chin- 
chillidtc). A small siiuirrel-like rodent belonging to 
South America. The soft fur is greatly valued. 

Chine (S'dk). A silk fabric having a printed 
figure of somewhat, hazy, undefined appearance. The 
silk is first warped and passed through the loom, 
receiving a few loose picks at intends of about 
12 in. ; it is then removed from the loom and 
printed, after which the Holding Wept (q*v.) is 
removed, and it is again placed in the loom and 
woven up with Tabby Tib (q.v ) 

ChineBe Paper. Sometimes called India paper, 
msmufactured from the bamboo fibre. It is very fine 
and of a pale yellow colour. 

Chinese Red (Dec.) Another name for Derby red 
(q.v.) 
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Chinese Wax. See Cbbyl Alcohol. 

Chinese White (Paint,) A pi^nnent used bj 
artists^ consisting wholly of Zinc White (q,e.) It 
is employed both in oil and watei-colonr painting. 

Chippendale Boek Plates. This name has been 
given popularly to the book plates issued between the 
middle and end of the eight(*enth century. They 
possess the following characteristics, as given in 
Warren’s Qiddi\ “A frilling or border of open 
shell work is set close to the rounded outer margin of 
the escutcheon. It is, in fact, a l>order imitating the 
pectinated curves and grooves on the margin of the 
scallop shell.’* It was studiously asymmetrical, and 
in latter days it was enriched (some say debased) by 
the addition of flowers and fmit>, or animals, real or 
mythological. “Chippendale” must not be con- 
founded with “ Ilooaille ” or Rococo,” these being 
French in character; whereas the first named may be 
considered national. 

Chippendale Furniture. A generic term includ- 
ing originally only chairs, stools, tables, bedsteads, 
firescreens, and mantelpieces, made by Thomas 
Chippen<lale, whose father, of Worcestershire 
descent, came up to London and settled as a cabinet- 
maker at No. <>0, ISt. Martin’s I^ane, excelling as .t 
carver of mirror frames. Thomas Chippendale. 
“The King of Designers,*’ pnbli'shed in IT.il The 
Genflemati and Cabinet Walter » JJireetor, containing 
some two hundred designs. Wliilc the rococo style 
of Louis XV. is rcfilected in his bomH fronted 
commodes, and a few of his chairbacks; while, again, 
some of the latter are based on 8ir William 
Chambers’ Chinese style, Chippendale, nevertheless, 
founded a style of his ow'ii. lie ga\e to his bookcases 
Und clothes presses “different” or '‘odd*' doors, to 
his tables and 
moulded chair legs 
“ different ” feet. 

Be divided glass, 
where used, un- 
equally. It is essen- 
tially as a dc>igner 
of chairs that he 
a p p c a 1 .s to us. 

Actual (Tiippcudnlc 
W’^oi'k is in mahogany 
witiumt inlay. The 
wood w'as carefully 
selected and well 
seasoned. Frets 
were made by glu- 
ing together several 
thin pieces with the 
grain running in different directions, thus forming 
a strip giving immense strength, an object further 
secured by joining the “ splat ” of the chair into the 
framework— -a plan .since neglected. The choice 
features of the chairs consist of the carved scroll 
and interlaced “ribband” back>, and the ehiboratclv 
sculptured cabriole legs. Etpially famous are the 
“claw and ball” legged chairs, with finely carved 
“shell and ribband” knee joints. In the armchairs 
the arms often end in lions’ or goats’ heads, dol])liins 
or dragons, or curved endive scrollw(uk. (Fine 
examples are to be seen at Sir John Soane’s Museum, 
where are eight cbair.s, the splats inlaid with 
mother-o’-pearl : Talk)W Chandlers’ Hall, whore are 
thirty-six chairs, with fluted legs ; and South 
Kensington Museum, which contains some thirty 
specimens — V>edstead, mantelpieces, tables, armchairs, 
chairs, and firescreens.) Fraudulent arms have been 


added to many of Chippendale’s chairs; these may 
be recognised by the almost straight designs, which 
should be finely shaped and gracefully curving. The 
term Chippendale furniture has now an elastic 
significance, being applied to any furniture in the 
peculiar styles of the “ Director,” or even of the 
eighteenth century generally. See aUo Shekaton. 

Chipping Chisel (E^ig.) A Cold Chisel (//.r.) 

Ghiretta. Ophelia ohirata (order, Oentianaceee), 
The dried plant is imported from India and used in 
medicine as a bitter tonic. 

Chisel. An iron or steel tool with sharp bevelled 
edge, used in many trades. 

Chiton (Coat.) T]|).e undergarment or vest which 
was worn both by men and women in ancient Greece. 

Chittagong Wood. See Woods. 

Chladni*B Figares (Sound). Figures formed on a 
flat plate when du>t, .^aud, or any fine i>owder is 
.scattered on it, and it is .set in vibration by a violin 
bow applied to its edge. The dust cidlects along the 
lines of least vibration, or Nodal Lines (^.r.) 

Chlamys ( Co»t.) A cloak worn in ancient Greece. 
Tt was oblong in form, and the usual method pf 
wearing it was to .arrange one of the .shoiter sides 
round the neck, fastening the ends on thd' right 
shoulder by means of a clasp, thus allowing the 
garment to hang down in front and at the back. 

Chloral or Trichloracetaldehyde ( Chrm,\ 
rCl,(‘H(). A colourless, oily, pungeiit-smeUiiig liquid ; 
Ixjils at 97’\ It has the reactions of an Ahhchydb 
(q.v.) Treated with alkalis, it vields chlordtfoim and 
a formate, CCl,<;HO -h NaOIl = CC1,,H + HCOONa. 
VVitli water it forms a well cry.stalliscd solid, 
( ’ H LOB A I. IT TOR AT E {<j.r.) It is pi eparocl 1 )y pass i n g 
<?ldorine into alcohol in the cold at first ; then, 
when the chlorine is less readily absorbed, in heat. 
The product so obtained is (.’hlobal AloohoLATE, 

('fy 'II . and the operation la^ts about a fort- 

night. This substance is dccomrv)sed by sulphuric 
and, setting free chloi.'il. whicn can be separated 
and. ])iirilie<l by distillation. • 

Chloral Hydrate CC],CIf Forms 

colourlo.s ])rismatic crystals . has a smell resembling 
that of a melf»n: dccoin]>*'Sod by heat into its con- 
stituents, water and chloral. It is made by adding 
the j)roper amount of water to cljloral and allowing 
to crystallise. It is extcn.si\t‘ly used as a liypnotic 
(sleep producing) agent, but it i.s a powerful iioison. 

Chloranil or Tetrachlorqulnone ( ^ hem . ) Y ellow 
tirv .stall ine pi ates wh ich 
sublime without melt O 

iiig. It results from C 

many benzene deriva- 
tives, such as j>henf)l 
and aniline, when tliey 
are simu Itaneou s] \ 
chlorinated and oxi- 
<lised, as, for example, 
by hydrochloric acid 
and potas.siiim chlorate. 

It is used as an oxidis- 
ing agent in the pro- 
paration of a number O 

of dyes. Otiloranil. 

Chlorates (Chem.) Salts of (7 hlobu^ Acid, HCIO, 
(q.v.) All chlorates are soluble in winter; on heating, 
they evolve oxygen and a trace of chlorine, leaving a 



Ciiiepr-spALr. Chair (Back). 
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chloride behind. The most important chlorates are 
those of potassinm, sodium, barium. See Potassium 
and SODIUM Compounds. 

Chlorhydrins (Chem.') Chlorides of dilijdric, 
trihydric, etc.» alcohols. Thus ethylene chlorhydrin, 
CHfil 

I is derived from the dihydric alcohol glycol, 

CHgOH 

CHjOH 

I by the replacement of one hydroxyl gibup 

CHOH 

by chlorine. 

Chloric Acid ( Ch em . ), HCIO,. Is only kn own in solu- 
tion in water. The solution has^ pungent smell, and 
is a powerful oxidising agent which sets fire to many 
organic bodies, such 'as pai)er or wood ; it may be 
obtained by adding the calculated quantity of 
sulphuric acid to a solution of barium chlorate. 

Ohloride of Lime, {CViem.') See Bleaching 

POWDEK. 

Chlorides (C 7 ietn.') Arc (H compounds of ele- 
ments with chlorine ; (2) compounds of alcohol 
radicals (an alcohol minus the OH group or groups) 
with chlorine ; (3) compounds of acid radicals (an 
acid Aiuus the OH group or grcnips) ; (1) compounds 
ol cjertain other radicals with chlorine. In this article 
only t!>e first of the above groups is dealt with ; the 
other cldorides will be dealt with individually. The 
chlorides of the non -metallic elements are gases or 
liquids, ami most of thorn are (lecom posed by w'ater, 
giving ^ids ; they are not* salts. The metallic 
chlorides are liquids, or solids ; a few (those of anti- 
mony and bismuth, for example) are rlocomposed by 
water, giving Oxychlouides, while the njsl are not 
de(!omposed by water, most of them being dissolved 
by it -only silver and mercurous chlorides being 
practically insoluble in water. Ohlorides may be 
obtained : (1) by direct union of tlie elements; (2) 
in case of many' metals by solution of the metal, its 
oxi<le, hydroxide, or carbonate in liydrochloric acid ; | 
(H) by double decomposition — c.p. the chlorides of j 
lead and si]v<^ and mercurous chloride by adding | 
A soluble chloride to a solution of tljc corresponding • 
nitrate ; (1) those of bon^n, silit^on, aluminium, and 1 
chromium by passing dry <‘hlorine over a strongly 
heated mixture of the oxide and carbon. 

Chlorine, Cl. Atomic weight, 35-45. A greenish- 
ellow gas with poi\erfully irritating smell; very 
eavy (2*5 tiuufs as heavy as air) ; soluble in water 
(1 vol. water at the ordinary temperature and pressure 
dissolves 2 5 vols. of chlorine), Below',! O'’ the saturated 
solution deposits crystals of a hydrate, CljjSHpO. 
This g?is was the first to be liquefied, as the operalfon 
is easily eflected, Tt unites directly with most 
elements, forming chlorides. Pho.^p’ioriis and arsenic 
and some other substances burn in it. Water is 
decomposed by it under the influence of light, form- 
ing hydrochloric and hyiwichlorous acids. It reacts 
with most organic compounds, either displacing 
hi’drogen or adding itself directly to the compound, 
or in a few cases setting free the carbon : e.t;, 
ac.etic acid, CH^COOH, gives iiionoeldoract'tie acid, 
CH.^C1000II ; ethylene, CgH,, gives ethylene chloride, 
CoHjClj,. Some hydrocarbons treated with an excess 
or chlorine in bright sunlight give catbon and 
hydrochloric acid gas ; such are marsh gas, (CH^), and 
ethylene, (Cj,H^), while turpentine gives the same 
result without sunlight. The gas can be obtained 
by Iteating manganese dioxide with hydrochloric acid 
or any other peroxide ; also by beating potassium 


permanganate or dichromate with the same acid; 
also by acting on bleaching powder (a^v.) with an 
acid, and in many other ways. See DsACON^ft 
Pbooess. The principal uses of chlorine are: (1) 
In bleaching (q.v.) it bleaches in virtue of Its action 
on water : Cl, + H20=2HC1 + O, the oxygen liberated 
being the effective agent— oxidising the colour to a 
colourless compound. (2) In the extraction of gold. 
(3) In the preparation of many important organic 
compounds. See Ohlobal Hydbate. (4) As a dis- 
infectant. It is best applied for room disinfection by 
washing the walls with a 1 per cent, solution ; the 
washing should be repeated two or three times. A 
preparation known as “Chloros,” which contains 
10 per cent, of chlorine, is also a good disinfectant. 

Chlorine Carriers (Ohetn.) Iodine, the penta- 
chlorides of antimony and molybdenum, ferric 
chloride, all in dry state, have the power of greatly 
accelerating the action of chlorine on certain carbon 
compounds ; they are called chlorine carriers. 
Carbon disulphide is readily converted into the 
tetrachloride by chlorine in presence of antimony 
pentasulphide. Nitrolienzene reaiiily gives meta- 
chlomitrobenzene when treated with chlorine in 
presence of ferric chloride ; without the ferric 
chloride there is no action at all. 

Chlorine Monoxide ( Chem.), Cl^O. A yellow gas 
with irritating smell : explodes on heating, also on 
contact with organic matter such as sugar or tur- 
pentine. Its>olntion in water forms Hypochlobous 
Acid (^.r.) It is obtained by passing chlorine 
over cold dry yellow mercuric oxide. 

Chlorine Peroxide (f'Vw'/w.), (’10.^. A yellow gas 
with perfectly eliaracteristic smell ; readily explodes 
on heating and on (‘ontact with organic matter ; vory 
soluble i»" water. Obtained by very cautiously heat- 
ing potassium chlorate with sulplmric acid ; also 
obtained, mixed with chlorine, by the action of 
hydrochloric acid on potassium chlorate. 

Chlorite Schist {Geol.) Usually a dynamically 
fornic<l rock whose parent mas.s was one containing 
a largo proiiortion of one or more of the FebBO- 
M AGNESI AN bi LIGATES (generally an amphibole). 
Percolating waters have changed the composition of 
these latter, and the differential movement of parts 
of thorot‘k mass caused by earth-creep has given rise 
to the Schistose Strugtube 

Chlorite Slate (fxeol.) Slates coloured pale green 
by iron in the ferrous condition arc often spoken of 
under this name. Most of the rock now remaining 
which has been called “Chlorite filate” is really 
Chlorite Schist (e/.v.) 

Chloro DerivativeB {Chem,') These are the 
chlorine substitution products of organic compounds, 
6'.^9.Chlobobenzenb, CgHjClisderiveil from benzene 
by r(*placcineiit of an atom of hydrogen by an atom 
of chlorine. Sec Bbomo Perivatives. 

Chloroform or Trichlormethane {Chem.), CHCl,. 
A heavy, colourless, sweet-smelling liquid; boils^at 
61-5°; is slightly soluble in water; an excellent 
solvent for many organic substances. It is a power- 
ful ansesthetic when inhaled. In presence of air and 
light it is oxidised to Cabbony^l Chloride 
a dangerous gas to inhale ; 1 per cent, of alcohol 
preserves it. Heated with alcoholic potash it yields 
potassium formate; with alcoholic potash and an 
amine (c-i/. aniline) it yields the nauseous-smelling 
IsoCYANlDES ({/.»’.) This reaction serves as a test. 
It is obtained from Chloral (5 .v.) ; also by distilling 
a mixture of bleaching powder, water and alcohol on 
a water bath. 
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Chlorophyll (^Botany). The green colouring 
matter of plants. The pigment can be extracted 
from various leaves, and is need as a delicate 
colouring agent forpc^umes, essences, etc. 

Chloroplagtid {Botany^ The agent in assimila- 
tiqo or Photo- Synthesis (j.e.) It is a protoplasmic 
body^ holding a green pigment, cliloropbjll 
which by its action upon light supplies the energy 
needed for assimilation. 

Ghooklng (Jfifwmy). See Chocks. 

Ghooka (^Mining). Supports loosely built in to 
support the roof of a seam when the coal is removed. 
The process is called Chocking. 

Cnioir {ATehiteci.) ITie part of a church to the 
east of the nave, and often separated from it by a 
screen. It is used by the clergy and othei's assisting 
in the services, and is also known as the Chancel. 
See Nave. 

Choir Organ (il/imc). That part of an organ 
chiefly used in accompanying the choir in the softer 
jMLTts of the service, and connected with the lowest 
keyboard of three-manual organs. 

Choke Damp {^Miming), Carbonic Acid Gas 

Choking Coils {Meet. Eng.) A coil of insulated 
wire of low resistance, wound on a core of laminated 
iron or iron wire ; it possesses a large impedance 
and is therefore often called an Impedance 
Coil. It is joined up in series in an alternating 
current circuit t^ prevent too large a current from 
fl<»wiug through the circuit. These coils serve the 
same purpose as a resistance does In a continuous 
current circuit, but do not cause any appreciable 
waste of power if they are properly designed. The 
size of the core and the number of turns on the coil 
are determined in a manner similar to that adopted 
in designing a Transformer 

Gholesterine (^Chem.\ Cjyll^jOn. Forms shining 
crystalline plates ; soluble in alcohol, ether, and 
chloroform. Said to be an alcohol. It occurs in 
nervous tissue and in bile ; gallstones are often 
composed nearly entirely of it. Its chloroform 
solution, shaken with concentrated sulphuric acid, 
tuams red, then violet, while the a(‘id ai^quires a green 
fluores<x‘nee. 

Choline ( Chem.), ^ -CH, 

^ CH, 

• OH 

( OxyetliyUHmeihylwinmonitim Uydroo^e). A thick 
liquid (crystallises with difficulty), very soluble in 
water ; it has a bitter taste. It is a powerful alkali, 
forming salts with aci<ls — even carbonic acid. It is 
a Ptomaine and is found in decaying corpses, 
also in pure cultures of the cholera bacillus. It is 
not very poisonous, being similar in its action to 
Mcsgarine but in much smaller degree. It 

is a splitting product of lecithin, a substance found 
inrall nervous tissue. It has been made artificially 
by the union of ethylene chlorhydrin {%ee Chlor- 
HYDBINS) and I^IMETHTLAMINE (^.r.) 

Chiqpilie ijCmt.) A high wooden clog or patten 
worn on the feet. Obopines were worn in England 
during the fifteenth and sixteenth centuries, being 
introduced from Venice, where, among ladies, the 
height was regulated by the rank of the wearer. 

Chopagle Xonuikieitt (^Arehiteet.) A monument 
erected in honour of the victorious Choragos (^.e.) in 
a Greek choral competition. The Choragic monu- 
ment of Lysicrates at Athens is a fine example. 


Ghopagtum {Arohaol,) The apartment where the 
ohoms was trained in a Greek or Homan theatre, or 
the space where the choral dance was performed, 

Choragufy Choregim {ArcJueel.) (1) In ancient 
Greece the leader or superintendent of the chorue. 
(2) The title of a functionary connected with musical 
studies in the University of Oxford. 

Chord iGeom.') A straight line which joins the 
ex^emities of an arc of a circle or other curve. 

{Music). Two or more notes sounded to- 
gether. 

Chorua. In ancient Greece a band of singers and 
dancers who performed at festivals and in the 
drama. 

Chromate of Lead {Min.) A synonym for 

CROCOISITE {q.V.) 

Chromates {Chem.) Halts of chromic acid, 
(H 3 Cr 04 ). Set^ Totassium Ohromate and DiCH bo- 
mate, PoTASsiiTM Compounds; and Lead 

Chromate, vndet* I^ead Compounds. ^ 

Chromatic Aberration {Light). Since the focal 
length of a lens depends on the index of refraction 
of the glass, it follows that there will •in 
general be different foci for light of different wave 
lengths. Thus an ordinary simple lens will liave 
a focus for violet rays wliich may be separated by 
a considemble distance from the focus of the red 
rays, while the foci of the remaining colours of the 
spectrum will be between these two points. I'his 
dispersion or separation of colours is termed chro- 
matic aberration. It may be corrected by gt^mbining 
two or more lense.s, forming an .\cHBOMATic Lens or 
Combination. The commonest form consists of a 
convex lens of crown glass and a concave lens of 
flint glass placed in contact. Hucli a combination 
can be madei aoliromatic for two colours only — e.g. 
it may bring red and violet rays to a common focus ; 
but if we required rays of a third colour to be brought 
to the same focus, we should require a third lens. 
In practice, lenses required for ’'dsual purposes are 
usually achromatised for rays in the oraogc-red and 
the green-blue parts of the spcctruf i ; while lenses 
required for jiliotograph}^ are achromatised for rays 
near the violet end. 

Chromatic Chord {Music). A chord having one or 
more notes foreign to the diatonic scale. 

Chromatic Notes {Mmic). Those altered by acci- 
dentals. 

Chromatics* The theory and science of colours ; 
the branch of optics that treats of the properties 
of the colours of light and of natural bodies. See 
Colour. 

Chromatic Beale {Music), Consisting entirely of 
semitones. 

Chrome Alam {Chem.) See Chromium Com- 
pounds. 

Chrome Green. {Dm.) A permanent green con- 
sisting of oxide of chromium. See alee CHROMIUM 
Compounds. 

Chrome Iron Ore. . Sec Potassium Dichromate, 
wider Potassium Compounds. 

Chrome Leather. Leather of all kinds which 
has been tanupd with chrome salts instead of with 
vegetable tanning materials. 

Chrome Ochre {Min.) A clay containing a mixture 
of the 6esqni«>oxides of chromium, and occurring in 
association with Chromite (g'.v.), from the decom- 
position of which it probably results. 
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Ohrome Red. See Lead Ohbomate, under Lead 
O oMFOUNDB and Debby Bed. 

Chrome Yellow (. Vee ,') The most useftil yellow 
of the decorator. It condisti of chromate or lead, 
and is made in various shades, such as “ primrose ** 
(the lightest), “ lemon,’* “ middle, ** “ deep,’* etc. May 
be mixed with other pigments, excepting those 
containing sulphur, such as ultramarine (q.r.) and 
cadmium yellow { q . v .) 

Chromite iMvn .) A chromate of iron, aluminium, 
and magnesium (FeO,MgO)(Cr.,Oj,, Al^Oa), containing 
40 to 64 per cent, of Cr^Oj : culno : occurring in iron- 
black octabedra in serpentine, a metamorphosed 
ultrabasic rock. The 1’obphwi Vkbde Antique 
owes its green colour to disseminated chromite. 
Found in the Urals, United States, etc. 

Chrominmy Or. Atomic weight, .62*1. A hard 
white metal : less fusible than platinum : oxidised 
in moist air : dissolved by hot dilute hydrochloric 
and sulphuric acids, forming corresponding chromous 
salts : slowly attacked by dilute nitric acid r obtained 
by heating chromic oxide with carbon in the electric 
furnace, and again heating the product in succession 
with chromic oxide, with quick lime, and finally with 
the dofible oxide of chromium and ealciuni obtained 
in the last process as a hy-produet ; alhO by heating 
chromic oxide with aluininiuni i)owder. AVr Gold- 
SCHMIDTS I’BOCESB. Alloyed with ilon 0*2 to 1*5 
per cent. Or) it forms Ghbomium Steel, used in 
making projectiles, Cliromium docs not o<jeur native ; 
it exists in combination in Ciibomite (y.t*.), Oiieome 
OcHTiE, aTornplex silicate, and Selwynite, a similar 
mineral ft)und in Australia, and in s<irae chromates 
as t’KOCOISTTB O/.r.) 

Chromium CorapoundB {ChenK") Chromium acts 
as a basic elcmcmt, f<»rming two classes of sails 
(fdiromous salts and ciiromic salts), and .also a.s an 
acidic element forming an a<dd oxi<le (chromium 
trioxide ). The Chromous Salts resemble the ferrous 
salts in constitution and bcliaviour; <,</. they are strong 
reducing agents, and dissolve nitric oxide. Chromic 
Oxide, Cr^Oj, iwn dull green powder when made by 
heating the hydroxide or a mixture of jjotassium 
dichromate and ammonium cldoridc; a brighter 
green when nia<le by heating mercurems chromate. 
It is a basic oxide. Heated with alkalies in presence 
of air or an oxidising agent, it gives cljromates, 
2 KgCO, + Cr^Og + 30 =. 2K,CrO^ + 2(;0,. Used as a 
pigment, clironie green, anti in coloui iiig glass and 
porcelain. Chromic Hydroxide : A grey-gieen pre- 
cipitate formed by adding an alkali or alkaline sul- 
phide to a soluble chromic salt. Chromic t"HJ.OBiDE, 
CVCI 3 : A peach blossom coloured salt when obtained 
by pissing chlorine over heated mixture of chromic 
oxi(le and carbon, insoluble in water ; a green 
crystalline mass when obtained by dissolving the 
hydroxide in hydrochloric acid and crystallising 
the solution. (Chromic Sulphate : The hydroxide 
is dissolved in sulphuric acid in the cold, and solu- 
tion on standing deposits violet blue crystals, which, 
heated with sulphuric acid, give red anhydrous 
chromic sulphate, Crj^SOp,. Tlie violet solution 
turns green on heating, owing to formation of basic 
salts. It forms alums (q.v.) Chrome Alum, 
K, 80 ^Cr.j 5 (S 04 )g 24 H, 0 : Dark purple octahefl^ red 
by transmitted light. Solution is dichroic (red 
peen), and turns green, like the sulphate, on 
neating. Obtained by reduction of a mixture of 
potassium dichromate and sulphuric acid by sulphur 
dioxide or alcohol. Used in dyeing and calico printing. 


Chromic Tbioxide, CrO,: Lustrous red prisms, very 
soluble in water ; the solution behaves as an ac-i^f 
chromic acid, CrO* + lIjO « HjCrO^. It is a pow«f- 
ful oxidising agent. Obtained by adding salpBuric 
acid to cold concentrated solution of potassium 
dichromate. Cheomyl Chloride, CrOgClg ; A dkrk 
red liquid boiling at 1 1 8°. With water forms chromic 
and hydrochloric acids. It converts methyl groups 
of aromatic hydrocarbons into aldehyde ^otrps 
(Btard’s reaction) ; e.ff, toluene (q.v.) to bensaldehyde 
iq.c.) 

Chromo Lithography. See Lithography. 

Chromo Bensitive Material (PJioto.) See Photo- 
graphy IN Colours. 

Chromo Xylography. See Engraving : Chromo 
Xylography. 

Chromyl Chloride. See Chromium Compounds. 

Chronograph. A registering timepiece, usually 
having a start, stop, and flyback seconds hand. 

Chronoisothermal Carves {MetcoroL') Carves 
showing the hour of the day at which the average 
tom}>erature at some given point on the earth’s 
surface has the same value at different times of 
the year. 

Chronometer. A finely made timepiece, with 
a balance wlieel specially adjusted to ensure the 
keeping of correct time when the temperature varies. 
It also has a “ dedent ” escapement. For marine 
use the instrument is suKj;ended in “gimbals,” or 
slingh, to preserve it from vibration and to keep it, 
as far as possible, horizontal. 

Chryselephantine (Arehanl,) A term applied to 
works of .^julpture overlaid with ivory and gold, e.ff, 
the statue of Athene by I’heidias. 

- CH 

Chrysene ( Chem . ), \ 

C, 

Forms white leafy crystals with violet fluorescence : 
molts at 25(^^. It ccciirs in the highest boiling 
portions of coal-tar. # 

Chrysoberyl {Min.') Beryllium aluminate, BeO. 
Al.I>y Alumina=sS0’2, berylla* 19*8 per cent. It 
occurs in rhombic prisms of various shades of green. 
Its hard ness =5 s* 5. It is cut as a gem. Found in 
the Mourne Mountains in Ireland, in Ceyloj, Brazil, 
the Urals, United States, etc. 

Chrysocolla {Min.) A liydrous silicate of copper, 
CuSiO^ . 2lljjO, Oxide of copper »2vS to 46, silica *26 
to 40, water * 1 6 to 31 i)er cent. As an ore it only yields 
up to about 10 ])er cent, of copper. It i.s used as an 
ornamental stone. The colour varies in different 
shades of blue and green, perhaps due to colouring 
by impurities. Found in Cumberland, Westmoreland, 
Cornwall, Dumfriesshire, Baxony, Australia, etc. 

Chrysoidine ( Chem.) * x\ - CgH^CKH.,), 

HCl (1:2:4). Shining black crystals, greenish by 
reflected light. It is a dye used for orange shades 
on wool, silk, and cotton mordanted with tannin. 
Prepared by action of diazobenzene chloride {see 
*Diazo'' Compounds) on metaphenylene diamine 
{q.v.) See also DYES AND Dyeing. 

Cihrysolite {Min.) A silicate of magnesinm mid 
iron, 2(MgFe)0 . SiOg. Ehombic. Colour, pale green 
and transparent to dark green and translucent. The 
term is rather confined to the transparent variety. 
Olivine being used as a more general term. Olivine 
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is a common constituent of basic eruptive rocks. 
Chrysolite is cut as a gem. The ^st chrysolite comes 
from the Levant 

ChryBophenin. See Dyes axd Dyeing. 

Chrysoprase (ilTw.) A green variety of Chal- 
cedony (fl'.r.), semitranslucent ; coloured by nickel 
oxi le. It is cut for jewellery, and is supposed to 
bring the wearer good luck. 

ChpyBotile (Min,) A Une fibrous variety of 
Seupentine (q.v.\ usually of rich yellow green 
colour, and of a silky lustre. It is sometimes used 
as an ornamental stone. 

Chaek. (Mng.) A device for liolding work on the 
mandrel of a lathe or for holding small drills. 
There are very many forms, See Cup Chuck, Die 
Chuck, Self-Cextring i^huck, efr. 

Chuffs (Build.) Bricks full of cracks, caused by 
raiii falling on them when being burnt. 

Chureh Bells (Her,) Kopresented in perspective, 
the clapper visible below the rim of the bell and the 
shank visible at the top. 

Chute or Shoot (Mining). An inclined shaft 
through which minerals are allowed to fall to a 
lower level: the term is ahso applied to channel^ 
carrying water, etc. 

Chyle (Zoology). The milky fluid, containing * 
fats, found in the lacteal vessels in the wall^ of i lie 
small intestine. Sec Villi. The fats are formed i 
from the fatty bodies absorbed from the Chyme. 

Chyme (Zoology), The send-liquid mass of food, 
mixed with gastric juice and peptones, after passing j 
through the stomach. ; 

Cibopiura. (1) A chalice or cup with acovei for i 
holding the consecrated bread or host. (2) The 
Pyx {q,v.) (3) The tabernacle for holding the pyx. 

(+) A jxirtable altar. (5) A receptacle for relics. Srr • 
aUo Baldachino. i 

C.I.F. (Cotton). A system of direct shipment to 
spinner by wliicli the pui*cha.ser is allowed 6 per 
< 5 |nt. and free Carriage, lu.surunce, and Freight, ; 

Cimbalo. See Musical Instruments : .string. ' 

Cinchona (Botany). A genus of t.he order 
Bnbiarere, of e(;onomic importance as the source of i 
Peruvian Bark. (\ averimha produces the reel i 
bark; C\ cal'imya^ihQ yellow variety; C. qfiieiftalix^ ! 
the brown variety. See aim Quinine. | 

Cinchonine (Chew.) An alkaloid closely related 
cbemically to quinine (me QuiMNE), but not having 
its valuable medicinal jiropertio.*. : it differs also from | 
it in not gi ving a green ci.lour with chlorine water and j 
ammonia and in not yielding fluorescent salts. It i 
occurs in cinchona bark along with quinine and 1 
many related alkaloids (about thirty) ; and it is sepa- ! 
rated from quinine by making use of the facts : (1) ! 
that its sulphate is more soluble than that of | 
quinine; (2) that the alkaloid is less soluble in j 
alcohol and in ether than quinine. It is a white ! 
crystalline solid (prisms) ; begins to sublime at 22(P j 
and molts at 254° ; bitter taste ; vcjt slightly soluble 
in water. Unlike tlm majority of alkaloids, its I 
alcoholic solution is dextrorotatory. It is a strong | 
diacid base, and so forms two series of salts. It js | 
easily transformed into a number of isomeric 
alkaloids; e.g. by boiling it with acetic acid it yields 
a far more poisonous isomeric "Alkaloid, cincho toxin 
or cincbonicln. The following facts are very im- 
portant in relation to the constitution of this 


alkaloid and the closely related quinine (methozy- 
cinchonine). It is a ditertiary base. See TebtiABY 
Bases. It is an alcohol, as it unites with acid chlor- 
ides to form esters. It is an unsatuiated compound 
(q,v,)t as it adds on two atoms of bromine. It is a 
COOH quinoline derivative, as on oxida- 
tion with chromic acid it yields 
7 -quinoline oarboxylic acid. By 
a somewhat complex series of 
reactions cinchonine has been 
converted into lepidine (7- 
mothylquinoline) and a sub- 
stance, mcroquinino, which is a 
pyridine derivative. On these 
and other grounds fLhe following formula has been 
suggested for cinchonine : 


N 

Ginchonlc .'ictd. 



Quinine only differs from cinchonine chemically in 
luuing a methoxy group, (OOI.,), instead of H, in the 
places marked with an asterisk in the above formul.T. 

Cinctures (Architect.) The annulets on the .shaft 
of a column immediately above the base%nd below 
tlie astragal of ilio capital. The projecting blocks 
wdiich sometimes form part of t lie shaft of a column 
are also known as cinctures. 

Cinder Pig iMetallnry}/). A poor variety of pig 
iron oht.aiaed by rcsmelting slags which are some- 
\Ahat rich in iron. 

Cinder Tap (.l^^^) The slag from puddling or 
re-hcating furnaecN. 

Cinder Tub (M>'t,) A shallow jron truck with 
iijovabh' sido, into which blast furmice slag is run. 

Cinematograph. ?'he common name for apparatus 
for the production and exhibition in rapid icqnence 
of a series of pbotog»’aphh of moving objects, 
creating the illusion known as “ living jiictures'* 
or “animated photographs." Spcjcial forms of the 
apparatus an*, given other names for trade i)urposes, 
a.s the BiDCtRAPii, which is })rol)ably the largest 
and best manufactured at present. The illusion 
dei>cn<ls on persistence of vision, each single picture 
remaining impressed on the ridiria till the following 
one appears. The instrument is :i development of 
tlie Zoetrope and was made possible by the intro- 
duction of flexible film into photography, to take 
the place of glass plates. Edison perceived the ’ 
possibility of moving a long narrow strip of sensitive 
film along the focal plane of a small camera, and 
automatically exposing it to the image formed there 
by the lens, and after some ex])eriment he introduced 
his ** Kinetiscope,” about 1804. His method of 
moving the film is .still employed, but in other 
respects the apiiaratus has been greatly improved. 
The instrument consists of a small camera provided 
with light-tight chambers above and below, and with 
mechanism for moving the film and working the 
sluitter of the lens. The long strip of film wound 
on a drum is placed in one chamber, one end is 
passed into the camera and along its focal plane to 
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an empty drum in the other chamber, the sensitive 
snrface, of course, facing the lens. On turning a 
handle, the mechanism pulls clown a portion of the 
film exactly the size lor the picture, opens the 
shutter of the lens, and closes it again, and goes on 
repeating these operations in the same order at the 
rate of from twenty-five to fifty times a second, the 
film remaining stationary for the fraction of a second 
required for the exposure of each separate picture. 
In the larger and heavier instruments the motive 
power is supplied by an electric motor. The film 
thus exposed in the camera give.s a series of very 
small negative pictures when developed, and from it 
a positive film must be printed for exhibition. These 
films are pulled through the ap|B.ratus by means of 
j^erforatioris along the edge, and the perforations in 
the positive must exactly coincide with those in the 
negative film. Tiie same or similar apparatus, fixed 
in I'ront of the condenser of a powerful magic lantern, 
is used for exhibition and worked in the .same way. 
Wlieu exhibited, the .same pictures are sometimes 
magnified naarly 15, (XK.) times, and 1,200 pictures arc 
stopped and moved on in a minute. In order to give 
a correct record of the scene depicted, the ])if;tures 
alumld he exhibited at the .same speed a.s they were 
takem, but theyare usually exhibited somewhat quicker. 

Cinerary Urn (ArcUteol.') A bcpulohral urn for 
holding tlie ash(ss of bodies w'hich have lieen 
burned. There are many examples in the British 
jMu.'«eiiin. 

Cinnabar (Min A Sulphide of mercury, IlgS. 
Morciuy - Sd-2, sufidiur ^ lli-S per cent, it o«;curs 
in deep refl higldy rofractih; rhombohedral cr 3 '.stals, 
and massive in darker ve<l .shaly masses. It is the 
chief .MiurtiC of mercury. The pigment ViJllMiLiON is 
prcpar('d from it. Ftnind in Idria, Almaden, etc., in 

!ii[s ; Hungary, Mexico, Terii, Oalifornia, dapan, etc. 

Cinnamic Acid O.H ,011 : CH . OOOH. 

/3-p:!(‘n\ laorvlh; acid. White needles or prisms: 
jru lt>^ at I’dii’: .slightly .solubhj in cold, readily in hot 
wjiteT. ft is an unsaturated compound {q.r.), and 
takes up two atom.** of bromine : formerly important 
in the .synthc sis<H)f imligo ; occurs in storax and a 
number of balsams: obtained artithially by acting 
upon benzahleJiyde O/.v.) witli sodium acetate and 
acetic anhydride (Ferkiiis rcactionh (Y,I1',CH<) + 
('lyiDONa = I : CH . OOONa + H.O. There 
are two un.stabh* modifications of it — a'llociimamic 
and isocinnamic acids. Ser Steueoisomi:iiism. 

Cinnamon. Tlie drug and spic.o is the dried inner 
portion of the bark ()f the young branches of 
Cinnamomnin zeylanicvm (ordtT, Laiiracrtr), 

Cinnamon Stone (Min,) One of the calcium 
Aluminium Oaknets (j/.r,), often also called 
Hyacinth; it is an orthosilicutc of calcium and 
aluminium, with the iron in the ferric state. The 
exact com^iosition varie.s. Tlie colour is yellow to 
brown. The hardness is .slightly greater than that 
of quartz. Used as jewellery. It er>stalli.se.s in 
forms of the cubic system. Localities are: 
Aberdeenshire, Wicklow, ("eyJon, etc. 

Cinquecento* Literally 500. but used as an 
abbreviation of “mille cinquecento,” 1500, A term 
applied in Itiily to the sixteenth century, tlie period 
when art revived and classical iniluence was 
paramount. It is also applied to decorative art 
and architecture characterised by the reversion to 
classical forms that commenced about 1500. The 
term is often applied incorrectly to ornament of the 
sixteenth century in general. 


Cinquefoil (ArcHteet,) An opening in Gothic 
tracery formed with five^ foils or spaces between 
ousp.s. Sefi also Foils, OrsFS, Tbefoil, QuatbB' 
FOIL, and Multifoil. 

Cipher. (1) The symbol 0, which denotes zero. 
(2) A cryptographic mark or device. Sometimes it 
takes the form of a monogram. 

Cipolin. A white marble with green streaks. 

CippUB (ArchavL) A small column or pedestal, 
generally rectangular, forming a sepulchral monu- 
ment. It either contained the ashes of the deceased 
or marked the place of burial, and frequently bore 
an inscription, Cippi vore also employed by the 
ancients as memorials of remarkable events, and as 
landmarks. 

Circle. In geometry, a plane figure bounded by a 
single curved line, called the circumference, every 
point on which is equidistant from a certain point 
within, termed the Centbe. 

(Laee MamifacJ) That portion of a twist 

lace machine whore all the most delicate parts of 
the mechanism are sitxiate. The centre of the circle 
is the point where the formation of the lace becomes 
I)erceptible. All tije movements of the threads 
nocessarj'^for its formation take place in the lower 
portion of its circumference. 

Circle of Curvature. A circle drawn from the 
centre of curvature of a curve, with radius equal to 
the length of the normal from that point, to the 
curve, is called the “ < 'irclc of Curvature ” of the 
curve for the point where it is cut by tim normal. 
This circle of curvature may be regartled as the 
circle wliosc curvature coincides with that of tlve 
curve at th.*‘ point where they touch. 

Circle of Reference. i$e(* Babmoniu Motion. 

Circle bn Circle (('arp. and Join.^Hr.) A piece 
of w'ork which is curved both in plan and elevation : 
work t)f double curvature. A door or window with a 
round (arched) top, situate in a round building, is 
an ex:imi)ie. 

Circular Measure. The circular measure of all 
angle is the ratio of the arc of a circle, btmnded 
by the two lines forming the angle, and having iis 
centre at the aj>ex, to tlie ratlins with which the arc 
is describerl. The circular measure of an angle of 

IHO’’ is IT, of 90^, ~. and an angle whose circular 

measure is unity contains ^ , or 57*296° very 
ncarh. This angle is termed a lvAOi.\N, 

Circular Mitre (Carp, and Join.) The intersection 
of a straight and curved moulding of the same 
section. 

Circular Plane (Car^t , Pattern Making). A plane 
for w orking concave or convex surfaces. A modern 
form, made of iron, has a thin steel sole which can bo 
bent into a circular arc of any required radius (with- 
in certain limits), to w*ork on botli concave and 
convex surfaces. 

Circular Polaritation (LiyAt) T'olabisa- 
TION. 

Circular Saw. A saw in the form of a steel disc : 
used lor rapid and liea^ y sawing in w'oodworking ; 
also for metal, in which case the saw is made of 
much thinker steel and the teeth are formed more 
like the teetli of a milling cutter (^.v.) 
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Circulating Pump The pump used to 

keej) cold water flowing* through the Coxdenbee 
of a steam or other engine. 

Circulation in Boilerc, ate. The move* 

meut of water in boilers, etc., due to connection 
currents set up by the fall in density of the heated 
water. It is promoted in boilers by a pri)j^»er 
arrangement of water tubes and by keeping the 
water as much as possible above the heating 
surfaces. In condensers, pumps are necessary to 
keep up the circulation. 

Cirenlatlon of Water (^Mofor Cam^. In petrol 
cars a flow of water from a tank is maintained round 
the water jacket of the cylinder through a 

radiator or condenser {q.v.), the water returning to 
the tank. This keeps the engine cool, and prevents 
injury to the cylinder, as well as loss of power, which 
always occurs if the cylinder become overheated. 

Ciroumferenter (Surveijhif/), A form of Miners' 
Dial Oj.v,) adapted for surveying w'ith the fixed or 

fast ” compass needle. Also called the llocK Dial, 
It consists of a graduated horizontal circle, provided 
with a vernier and sights, and a compass needle 
suspended at the centj*e of the circle. 

Circumflex Accent i’^'ypoy.) A mark placed over 
a hitter thus, e. 

Circumpolar Star {Agtron^) A stat always above 
the horizon, i,r. one whose angular distance from 
the celestial pole is less than the terrestrial latitude 
of the place of observation. 

Circus iArcltteoh) ^ A large oblong building used 
by the limans for horse racing, chariot racing, 
gladiatorial contests, etc., which took place in the 
arena. Around the building rose tiers of scats for 
the spectators. The Homans seem to have established 
circuses where vei they settled. 

Cire Perdue. See Lost Wax. 

Cirque {GeoL') A name usuuUy given to some 
geogmphicul features occurring near the heads of 
valleys in districts that have been heavily glaciated. 
The features in question are shaped like a bowl which 
has been cut in halves from top to bottom. In some 
few cases such a feature may really be due to the 
conjoined action of several adjacent streams ; but it 
is now recognised as being more generally due to the 
erosive action of ice, to which local circumstances 
have imparted a slow rotatori^ or eddying movement. 

Cirro-Cumulus {Meteor oL) See Clouds. 

Cirrus {Mefeorol.) See Clouds. 

Cissing {Dee.') A fault in a varnished surface 
in which small dull spotys appear. Usually caused 
eit- or by minute holes or grease spots. Kemecly : 
thoroughly clean and mb down surface and re- 
varnish. 

Cist OT Kist {A reheeol',) A stone coflSn of pre- 
historic times formed by two parallel rows of slabs 

S laced on edge, with one or more slabs placed 
orizontally across them, boraetimes the cist was 
excavated in the solid rock or formed in a tree 
trunk. See aho Cista. 

Cista {Archatol.) The name given to a small box 
containing sacred objects, carried at tlie festivals of 
Demeter and Dionysus. (2) The ballot box used in 
the Koman comitia. ^ 

Ciatera Barometer. Sec Barometer. 

Cittern Pump. See Force Pump. 


Cittemi {Hygiene^ etc,') Where the water supply 
of a town is on the intermittent pinciple, cisterns 
are necessaiy for the storey of water. They should 
be fixed in a well ventilated place, regularly cleansed, 
properly covered, and constructed of a material that 
will not impart any impurity to the water. It is 
extremely important to see that no communication 
exists Ixitween the cistern supplying the water closet 
and the storage cistern. 

Cithara. An ancient musical instrument with 
from seven to eleven strings, somewhat like the lyre 
in sliape. The modem zither is also derived from it, 
and preserve-s much the same form. 

Citric Acid ( CHjCOOH . COHCOOH . CH, 
COOIL Large colourless crystals: melts at 163®: 
readily soluble in water and in alcohoL It occurs 
free in a large number of fruits, and is obtained from 
lemon juice by precipitating the citrio acid in it as 
calcium citrate (the precipitate only forms on 
heating), and det^ompohing this salt with sulphuric 
acid. This acid has been prepared arti^cially. It is 
much used in making effervescing drinks and to 
im])art. an acid flavour (f,g. to jellies). 

Citrine (Mm.) Quartz of a clear yellow colour; 
also called Yellow Topaz. 

Citron. Sf^e Citrus. 

Citronella Oil. An oil used in perfumery, distilled 
from a species of grass, Andr&pogmi nardm (order, 
Gramine<v\ extensively grown in Singapore. 

Citrus (Botany), A genus of^ the order llutaeeee, 
noted for the economic importance of its species and 
varieties. C, wedien is the citron, whose variety 
Limonnm i.s the lemon, JAmetta, the sweet lime, 
C. auraotium, the oiangc, h.as two varieties — 
Brtyamia^ the Bergamot, and BUjaradla^ the Seville 
oi'ange. 

City Solder. Solder stam{)ed by the Worshipful 
Company of PlumberN. 

Civil Engineering. 'The brnneh of engineering 
d'^aling with railways, rf)ads, docks, haihours, water- 
works, and many other branches of construction, but 
excluding mechanical and elcctrica^ipplianc*es. 

Cl (6%m.) SymbfiJ for Chlorine (gr.r.) 

Clack or Clack Valve (Bny,) The flap or hinged 
valve of a suction pum]), 

Clairecolle or Clearcole (Dec.) An undemoat of 
size employed on plaster surfaces to stop suction and 
form a ground for distemper. Made from glue, size, 
or concentrated size powder mixed with whiting and 
water. 

Clam. Clamp (Eng.) Tieces of wood or soft 
metal (such as Icacl) fitted to the jaws of a vice for 
holding polished or delicate objects without injury. 

Clamp (Briekmaki ng). A clamp is a stack of raw 
bricks, with cinders intermixed, to assist in their 
complete burning. See aho Bricks. 

(Eng.f Carp.^ etc.) An appliance used for 

gripping a piece of work iu order to force its parts 
into close contact ; the requisite pressure is usually 
applied by moans of a screw. 

Clamp Bricks. Brick.s that have been burnt in a 
clamp ; they are also known as STOCK Bbicks. Sec 
aUo Bricks. 

Clamping Screw (Eng.) Any screw for holding a 
detachable tool or x)art of a machine in place. 

Clarendon (Typog,) A bold-faced condensed type, 
generally used in dictionaries. The Tbsms in this 
work are printed in clarendon type. 
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OUufinet or Olwioaet. Soe Mitbical Instru- 
ments ; Wind (Wood), 

Clark Cell (Meet.) The best known form of 
“ Standard Cell ’’ Its positive pole is a plati- 

num wire dipping into mercury. Above the mercury 
is a paste of mercurous sulphate; on this floats a 
saturated solution of zinc sulphate, in which dips a 
rod of zinc forming the negative pole. The E.M.F. 
is 1-434 volts at 15® C., falling slightly as the tempera- 
ture rises. 

Clork’i Proeeuu The object of this x^rocess is to 
soften water. The hardness of water is due to the 
presence of salts of lime and magnesia. In Clark s 
Process lime water is added, and^combines with the 
carbon dioxide; the bi-carbonato of lime is thus 
rendered insoluble and precipitated. The precipitate 
carries down with it any snsx>6nded matters present in 
the water. It is only efficacious in removing what is 
called “temxjorary hardness.” See also Calcium 
Compounds. 

• 

Clai^ (Bind,) A catch formerly used for bolding 
the covers of a l)ook together when closed. 

clasp Nail. A nail used by pattern makers. It 
has projections from the head wliich enter the wood 
as well as the stem or shank of the nail. These 
projections give the nuil a greater bold on tbe wood 
than a common nail would afford. 

Clasp Nut (Btig.) The nut in a slide rest which 
engages the leading screw (q.r.) 'll can be disengaged 
at will, as it is cut through lougitiiditiall 3 % so that the 
two halves can be sejiarated. In some crises only one 1 
half is used, and this can raised out of conW^ j 
with the screw. j 

Classical (1) Pertaining to the art, literature, ! 
antiquities, etc,, of ancient Oreeoe and Uome. (2) j 
Conforming to tile styles of the foregoing, (.‘S) Ax)- , 
plied to a production, either painting or music, j 
characterised by beauty of form, taste, and restraint. ! 

Clauiciim. Tendency towards the classical < 
style. ^ * j 

Glassification of Elements. See Periodic ] 
System. j 

Clastic Rooks (OeoJ.) A general term for rocks 
which have been built up from fragments. Thus 
claj-, sand, sandstone, quartzite, giTiV(d. conglomerate, 
arkose, are all clastic rocks. In cases where the 
chief fragments are direotl}" of volcanic origin, as in 
the case of tuff and agglomerate, th(‘ resulting rocks 
are distinguished as Pyuoclastic. 

Claude Glass. Named after Claude Lorraine. A 
dark or coloured mirror use<l for reflecting landscapes. 
They are useful for artists in selecting and composing 
pictures. 

Claus Kiln. See Chance’s Process. 

Claw Coupling or Clutch {Bug,, etc,) A pair of 
flanges on the opposing ends of two shafts, with 
projections which engage each other when the two 
flanges ai'e brought together, thus connecting the 
shafts so that tht?y turn together. This form c.f 
clutch enables the shafts to \>^ couxfled or uncoupled 
instantaneously. 

Claw Wrench (Bng.) A sjianner or wrench with 
one loose hinged jaw, which grips tighter the more 
the pressure on it increases. A 1’ipjb Wrench is a 
form of claw ^vrench. 


Gla«y ( Oeol,, etc. ) A clastic or derivative rook con- 
sisting essentially of a hydrous silicate of alnminai^ 
'Which is nearly always mixed in variable proportions 
with sand, lime, iron, or other minerals, or even tilth 
organic substances. Dry day gives forth an argil- 
laceous odour when breathed ux>on ; and when it is 
moistened with water it is rendered plastic, and can 
be moulded without subsequently losing its shape. 
In other respects it varies so much that no general 
description can be applied to it. 

Clay Band. See Clay Ironstone. 

Clay Cracked (Pot,^ Ware is described as clay 
cracked if, when removed from the bisque oven, a 
crack i.^ found which is traceable to the clay sfcage of 
its production. 

Clay Ironstone. Nodules or concretionary masses, 
often of a rudely spherical form, 'which are com- 
posed essentially of a carbonate of iron mixed with 
more or less argillaceous matter. They usually occur 
in shales or in clays, and very commonly in close 
association with carbonaceous matter. Cracks are 
generally present in the interior of the nodules, and 
are often lined with calcite. These are then spoken 
of as Kept ARIA. Clay ironstone is, or was, largely 
used for the manufacture of iron. Some clay 
ironstones^ also, are used for making hydraulic 
cement. 

Clay Ppets {^Pot) A press used to squeeze the 
superfluous water from Slip (q.i\), to convert it into 
clay. 

Clay Slate (Geol.) An antiquated term which 
was loosely employed for any metamorphosed argil- 
laceous rock with a tendency to split into thin 
plates. Under this head were included slates of 
argillaceou-^ coinxx>sition, phyllites, graphitic schists, 
and many other rocks of the same general character 
wldoh it is now found convenient to distinguish by 
sx)ecial names. 

Clay Wash (Clay Water) (Moulding). Clay greatly 
diluted with water. In moulding, various objects are 
coated with a film of moist clay by wasliing with 
(day water in cases in which the foundry sand is 
required to adhere to them. 

Cleading (Eny.) Lagg in(S. (q.v. ) 

Clean Casting {Bwf,) One free from faults on the 
surface or skin. 

Clean Cut (Eng., etc.) A cut which is smooth and 
regular, as f)pposed to one which is ragged or which 
slinws chattering (q.v.) 

Cleaner (Eng . eie.) Applied to various tools ; in 
moulding, a flat-bladed tool used for smoothing tbe 
surface of a mould. See Sleeker. 

Clean Fire (Eng., etc.) One which is burning 
brightly and is free from cinders, clinkers, and 
ashes. 

Cleaning Eye (Plumb.) A bra8.s cap screwed Into 
the bottom of a load trap. Befuse can be removed 
from tlic trax) by removing tbe cai>. 

Clean Lift (Moulding). The withdrawal of a 
X)attern from a mould without injury to the latter. 

Clean Timber (Carp,) Timber that is free from 
knots and blemishes. 

Clean Water (Eng.) Water required for use in 
boilers is said to be “ clean ” when it is free from 
visible impuiities; it may, however, contain lime, etc., 
in solution, and therefore produce a deposit when 
used in boilers. 
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Oleuance (1) Xbe amount of space left 

between two parts which have to lit or engage 
together. (2) The space between a piston and the 
end of the cylinder in an engine when the piston is 
at the end of its stroke. 

Clearcole. See Olatbecolle. 

Clearing Hole {Eng,) One bored out to its full 
nominal size ; distinguished from a tapping hole 
which is bored to a smaller diameter in order 
that an internal thread may be cut in it. 

Cleapin|[ Solution (P/wto.') A solution of alum 
slightly acidified, in wuicli negatives may be soaked 
to remove yellow stains produced during develop- 
ment by an alkaline developer. 

Clear Oil {Eng,) Oil purified till transparent or 
of a light colour. 

Clear Span {Build.) The horizontal distance 
between the abutments of a beam or arch. 

Clear Story. See Olebbstoky. 

Cleat. A wood or metal contrivance on which the 
free end of a rope, blindcord, etc., is coiled in order 
to make it fast. 


(Carp.) A piece of wood nailed on the sur- 
face of one timber, and acting as a ** .stop " to assist 
in supporting another timber which rests upon the 
first ; e.g. cleats are nailed on to rafters to support the 
purlins. 

(Mining.) A cleavage in coal, nt>t parallel to 

the bedding plauc, iSV;c al.^o Coal. 

Cleavage ( Oeol.) A term now restricted to the 
parallel and usually closely set planes of division 
with one uniform direc.tion, whicli have been induced 
in certain rocks partly under the influence of intense 
lateral compression. A cleaved rock splits with more 
or less facility in the direction c'f the cleavage quite 
independently of any structural planes originally 
present in the rock. Most ."latcs were clays and of 
sedimentary origin ; but some excellent slates in tlie 
Lake District were originally bedded tuffs, and there- 
fore of volcanic origin. See Flagstone, Phyllite, 
Schist, etc. 

(Mitt.) A term used for the planes of more 

ready division of a mineral, pointing to a weaker 
cohesion along these plane.^. (.’leaviige planes are 
usually parallel to some crystal plane. 

Clef (Mueie). A chafacter representing a fixed 
sound and giving the name of that sound to the 
line on which it stands. There are three clefs: 




representing the middle C of the 


grand stave of eleven lines ; G, a fifth above it ; 


F, a fifth below it. See Stave. 

These are often spoken of as the Tenor, Treble, 
and Bass Clefs respectively. 

Clerestory (Architect.) The uppermost divi.‘>ion 
of the nave wall of a church immediately above the 
triforium or blind stoiy (the space between the 
vaulting and roof over the aisle, frequently u.sed as 
a gallery). The clerestory is pierced with windows 
overlooking the roof of the aisle, and was evidently 
constructed with the idea of increasing the light in 
the nave, the aisle windows being usually in.sufficient. 


Cleveland Iron Ore. An important ore of iron 
occurring in t.ie .Jurassic rocks of Cleveland, York- 
shire, and other parts of the kingdom. 2t consists 
mostly of LiMOKiTE, with a variable percentage of 
iron in the form of Magnetite, It is nearly always 
due to a partial or entire replacement of a ceilcareous 
oolite by ferruginous matter imported into the rocks 
from some source at a higher level. 

Cliche (Photo.) A t^erm sometimes applied to the 
“ negative in photography. 

(7y//<^.) An electro or stereotype pldte; 

especially a inetal stereotype of a wood engraving, 
to print from. 

Click (Eng.) A tmall pawl (^.r.) or catch of a 
ratchet wheel. 

Clicker (Typog.) The compositor who receives 
copy and distributes it to the other compositors or 
companionship of whom he has charge. 

Clinker (Eng., etc.) (1) The residue from a furnace 
or lire from which practically all t'tie available 
carbon has l)ecn burnt out. It is often partly fused, 
and rc.sembles slag. (2) A small hard brick u^ed 
for paving 

Clinkering (Euf/*) The extraction of clinker from 
a fire. 

Clinodiagonal (Min.) An axis of the Mono- 
symmetic System inclined to the vertical axis at a 
definite angle in each mineral of the system, and 
at right angles to the Ort-hodiagonal (q.v.) See Sys- 
tems OF c;ryst.vllogkaphy. 

Clinodome (Min.) A face parallel to the CLiNO- 
DIAGONAL (q.r.) 

Clinograph (Drawing Olfiev). An instrument 
used l>y dm light smell when drawing two or more 
similar anglc.s in succes.sion. It resembles the car- 
jienter’s bevel (q.v.) in principle, but has the stock 
and blade of the same thii^kness. like a footnilc, 
in order that t he instrument m-xy lie fiat upon the 
drawing pajier. I’he (diiiogi-aph is invaluable in 
grapliic calculation in statics, when^eciprocal figures 
have to be drawn. See Graphic Statics. 

vr Clinostat (Surveying). An instrument 

used for dcti'Cting deflections from the vertical in a 
bore liol(* ; it measures and automatically registeis 
tlie amount of the ileflection. 

Clinometer (Surveying). Any instrument for 
raeasLiriiig vertical angles. There arc many different 
forms adapted to various circumstances. 

Clip (Buihl.) A slip of lead or copper to prevent 
slates or tili*.s from slipping on a roof. 

Clip Drum: Clip Pulley (Eng.) A pulley with 
some form of movable clips in the rim. These grip 
the rope passing between them, thus preventing it 
from .clipping over the pulley. L^sed for hauling in 
raim'.s, etc. 

ClipeuB (Armunr). A round shield carried by 
Greek and Homan soldiers, imule of wickerwork 
covered with hide, or of beaten bronze. The Scutum 
was oval » u- oblong. 

Cloaca (Zoolog g). A chamber formed by the last 
portion of the large intestine in the birds, reptiles, 
amphibia, and many fi.^hes. The cloaca receives the 
openings of the genital and urinary ducts. 

Cloanthite (Min.) An arsenide of nickel, NiAs^. 
Nickel = 28-4, arsenic = 70*34 per cent, with traces 



CLO 


111 


CIiO 


of impurities. * Crystallises in tin-white cubes, but is 
often associated with the pinkish tinge of Cobalt 
Bloom, as cobalt usually replaces some of the nickel : 
in fact, a gradation occurs from Cloantbite to Smal- 
TITE (^.e.) Found in Cornwall, Saxony, Bohemia, 
Sweden, Dauphiny, etc. 

Oloekmaking. Watch and Clogkicaking. 

Clock Stars {Axtron,) Stars whose times of 
transit are known ; they are observed in order to find 
the Rate and Ebbob of an astronomical clock 
or A chronometer. 

Glog^ng {Eny.) The hardening or thickening of 
lubricating oil. It tends to check, or even stops, the 
motion of moving parts of machinery. 

CloiSBOne {Dee,) Mosaic work in glass or enamels. 
Japanese cloisson6 is a mosaic of enamel on a metal 
ground. Cloisson6 glass consists of two sheets of 
plain glass, wit>h a design between formed of bent 
copper strips, the whole of the remaining space being 
filled in with glass globules of various beautiful 
colours. • 

Cloister {Arehitect,) The covered way connecting 
a cathedral witli tlie refectory, chapter house, etc. 
It lisufilly forms three sides of the quadrangle or 
gartli, the fourth side being formed by the wall of 
the south nave of the cathedral, as at Wells. ^ 

Close {Architect.) An enclosure around a large 
building, such as a cathcilnil. It is usually sur- 
rounded by houses wliich serve as official residences 
for the cathedml clergy. In many of the English 
cathedrals the close adds greatly to the general 
effect : t^alisbury is perhaps the best example. 

{Mush). Used in the sense of cadence. 

Ftill close ” = perfect cadence ; “ Half close ” = 
imperfect cadence. 

Closed Chain Compounds {Chrvi.) When a 
number of atoms are joined together in a ring as 
distinct from a chain, the system is called a closed 
cljjiin, and its derivatives closed chain compound.'^. 
When all the atoms in the ring are alike, the ring is 
called an IsocYOLic, when they are not all alike, 
a Hetisbocycl» King, Examples: 

CH CH 

IK’ A CH HC A CH 

HC \/ CH lie V CH 

OH N 

Benzene. Pyridine. 

Closod Coil Armature {Elect. Eng.) An armature 
in which there is a complete path for the current 
without passing through the External Circuit: the 
end of one coil or set of turns is joined to the 
beginning of the next. 

Closed Shed {Cotton Weaving). The opposite to 
Open Shed. Between each pick inserted in the 
shed, the tappet, dobby, or Jacquard will allow the 
lieald or liarnciss thread to move to its bottom or 
central position, and thus close its shed previous to 
forming another for the next pick of weft. Sec Open 
Bheddinq, Shedding. 

Closed Stokehold {Eug.) See Fobced Dbaught. 

Close Grain. Material the fibres of which arc 
very rloso together : a purely relative term, incfipable 
of exact definition. 

Close Mouth: Closed Mouth {Eng.) Applied to 
punching machities whose jaws are closed at the 
sides and open at the back and front, thus permitting 
the passage of narrow bars or rails, but not of sheets 
of metal. 


Closer {Build,) A <|aarter of a brick used for 
bonding. 

Close String (^Carp, and Join.) In staircase work 
an outside bTBiNG {g,v,) that is not notched out to 
support the steps. k 

Closet {Her.) A diminutive of the Bar, and 
one half its width. 

Close Test. See Flash Point. 

Close Topped Furnace {Met.) A blast furnace 
{q,v.) whose top is closed by a cone. See aUo 
Fubnaces. 

Closets, Earth {Hygiene). Consist of a wooden 
box with a receptacle for the excreta below, and a 
hopper containing dry earth above. When the plug 
is pulled, the dry earth is thrown on to the sewage. 
Dry earth is a very powerful deodoriser ; the best 
kinds are dried clay, marl, and loamy soil. 

Closing Up {Eng.) (1) The formation of the 
second head of a rivet aft»ir it is placed in position. 
(2) The completion of a foundry mould by placing 
the uppermost part in its final position. 

Cloth {Woollen Manufac.) A woven, knitted, or 
felted structure composed of fibres. 

Cloth Binding {Bind.) Binding in which the 
“boards "are covered with prepared calico, plain or 
embossed with a design. 

Clothed {Her.) A shield almost covered by a 
lozenge, but having the corners uncovered. 

Clothing : Cleading {Eng.) The covering of steam 
pipes and vessels with non-conducting materials. 
Sec aUo 1.AGGIKO. 

Cloth Red. See Dyes and Dyeing. 

Cloud Negatives {Pluto.) Separate negatives of 
clouds, used for printing-in skies in ordinary land- 
scapes in which the whole sky usually appears 
uniformly bright. They are often taken on flexible 
films for greater convenience in handling. 

Clouds {Mctcorol.) Tlie visible form assumed by 
moisture in the atmosphere, identical with Mist. 
C'louds consist of a great number of minute drops of 
water. In certain cases these drops may be frozen, 
so tliat a cloud may consist of particles of ice. 
Forme of Clouds : Clouds have been classified accord- 
ing to the general form which they present to an 
observer viewing them from the earth’s surface. 
CiBBUS Clouds are feathery streaky clouds formed 
high up in the air ; Ktbatus is a form consisting of 
a sheet of cloud of approximately uniform thickness, 
occurring low down ; Cumulus is a billowy rounded 
fiirm, often seen in summer; Nimbus is the rain 
cloud, with well defined edges, generally very dark 
and heavy looking. Meteorologists also use the 
expressions CiRKo-CuMULUS, Cumulo-Stbatus, etc., 
to denote combinations of the simple forms. For^ 
mation of Clouds: It was formerly thought that 
if air containing water vapour were cooled dt>wn, 
either by sadden expansion or by contact with colder 
air, till it reached the temperature at which it 
became saturated, that clouds were necessarily pro- 
duced. It has been shown, however, that this is not 
necessarily the case. Aitken and others showed that 
the presence of particles of dust is of very great 
importance ; in the complete absence of dust the 
first drops would have a i'a<lius compamble with the 
dimensions of a molecule, and in this case the surface 
tension of the drops would cause the rate of evapora- 
tion to be so great that the drop could not continue 
to exist. If, however, fine dust particles are present, 
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tbe dro|>8 arc ftrst formed bj^'Oandikifi^tioh on the 
surface of the particle^ and the drops thus commenoe 
tholr existence with dimensions so much (treaxer than 
those' of the molecdle that the gain in size froin 
condensation more than balances the loss from 
evapoiittioB. This effect is easllj shown by experi- 
ment ; , if damp air from which dust has been 
entirely removed be suddenly cooled by expan- 
sion. no visible condense lion 'will occur: but the 
admibeture of a "very small amount of ordinary air, 
whi^ always contains a great number of dust 
particles (upwards of 100, (MiO per cubic inch), will 
cause a visible' cloud to iip])car when the dam'p air 
is allowed to exjiand sudiicnly. The nssearohos of 
Aitken aud others led to tlic belief that dust was 
always essential to tlie formation of cIoud>; but it 
^has since been shown that the presence of gaseous 
Ions in tbe air is capable of producing tbe 
same result. These ions are charged jiarticlos, some 
'having phurges of negative, others of positive olec- 
tricity^ They may be produced by a variety of 
agencies^d.^. Rontgen, Kathode, and Lcnard rays: 
the radiation from iirapium, radium, polonium; b> 
ultra-violet light. Under normal conditions, free 
ions are alway.s present to some extent in the aii, 
and the numt^r will be increased wlien the air is 
exposetl tc> the action of any of tlio above ionising 
agencies, and the necessary conditions for con- 
' densation and the formation of clouds will be 
set up. 

Cloudy Web ( Cotton Spi n n i up), T "ne von thickness 
In the sheet or web as it comes from the doffer, 
caused by defective carding. 

Clout Nail. A nail with a large hut bead. 

Clove. T)ie well known clove is the dried flower 
butl of an East Indian plant of the Jfyrth family- 
JBuffeiiia caryophyllata ; order, UJyrtacrG*. 

Club {Tier.) A primitive wea))on sometimes u.sed 
as a charge or placed in the hunrl of a savage, 

CluBtered Lotus Bud Capital {Architert,^ This 
Is une of the capitals u.sed in Egyptian architecture. 
The column with which it is used represents a bundle 
of lotus flower stalks banded together at iiitenaN, 
and the capital is a conventional treatment of a 
lotus bud, its main lines following those of the stalks 
in the column. Srr Lotus Flowek «;/// Lotus 
Capital. 

Clustered Pillar ) A pillar consisting 

of several shafts, a common form in (iothic archi- 
tecture. It usually consisted of a large central 
pillar, either circular or sciuare, surnninded by smaller 
Bhfifts. Pillar offd Monostvli;. 

Clutch (ArVi//.) Any device for connecting two 
pie(5es of shafting in line, so that thi'v turn together. 
Sff Claw Clutch, Friction Clutch, /’ tr . 

Co. Chemical symbol for cobalt (y.r.) 

Coach Borov (AVy., Carp,, cto.) A largo screw 
for heavy timber work, with a srjuare head, which is 
turned by a spanner instead of a screwdriver. 

Coal* A stratiliod dejicsit of eomjiressod and 
mineralised vegetable matter ociurring in the fossil 
state. Olianges have occurred in its chemical com- 
position whirh have reduced the oxygen originally 
present to 15 per cent, or less, the rclatiie amount 
of carbon bedrig consequently increased to 70 per cent, 
or more. The stjnictupe present in the \egetable 
matter from which coal has been formed is but 
rarely traceable. Amongst unaltered ^-egetable pro- 
ducts, tbe nearest approach to coal in respect of 


ebetmieal cosipoejtion '4s tq be'fofUji)*d tn caoutoboucH 
gums, and lesin^. Ccial ]>r6sent8 « wide zaoge in 
ohemicai oomdo’^tlon, owing to the variable per>- 
oenta^ of carbon present aud the amounVof 'mineral 
Impurities which it may happen be mixed. 
Tbe percentage of carbou, may rise to 90 or more in 
tbe best fuel,, and may fall to dip or even Idj^s in tlie 
varietic'? which graduate into BroWN ^Oal and 
LidNiTB. !Purthermorc, owing to tlse tact that coal 
s^ams are npt homogeneous from top to bottom, but 
consist of aggregates of thin laminae, each of which 
may vary greatly in composition ftem thoM above 
it or below, it follows that Afferent parta*uf a coal 
seam at the same spot may have quite different 
values as fuel. Th^ variation in this latter respect 
may be still more strongly marked when a com- 
parison is made, of the composition of various 
examples of the same scam taken from- different 
parts of the coalfield in which the seam occurs. 
The variation referred to is usually connected with 
the aggregate i>ercehtagc* of mineral matter, usually 
clay, that originally ontcred into the composition of 
each of the several laminae of which tlie mal soam is 
built up. It may be further afl'ected by the presence 
of mineral matter, such as pyrites, dcvelujX'd within 
the hoam after the oiiginal cou.slituents of the coal 
wore laid down. Thrt*e kinds of coal may be observed 
Ih each exam[>le of most coal seams from strata of 
Carboniferous age. One of these is quite amorphous, 
bright, and v\ith a lustrous fracture like the siirlaco 
of polished jet. This is often refoired to as CiiBRRV 
(*OAL. Another kind is also amorphous, gisc's a 
concholdal fracture, .und the lustre is dull, like that 
of clay. This is C’ANNiiL Coal. The third con- 
stituent, whi<‘h is usually present in much smaller 
propoition. has the general aj)pearance of cluircoal, 
ana distinctly shows traces of \ogctiible structure. 
It iff indeed simply 'icgetable tissue more or less 
mineralised. Thi^ is a niin< ral charcoal, often called 
Motukr of Toal. Carbon if iTous Chetry Coal is 
laigoly com[)os(*d tlie resinous spores of lyco- 
jMidiacoou^. plants ; Cannel Coal represents vegetable 
tissue.-, which have p;issed into a pulpy condition 
thiough prolonged maceration , whyUi Mineral Char- 
coal is the representative oi such of the vegetable 
tis.siie.s as have been able to resist the change 
arising from maceration. Another variety of coal, 
which is of great value us fuel, i.s known as Anthra- 
cite. It contairus a liigh percentage of carbon ; is 
amorphous, lu'avy, liard ; di>es not soil the fingers ; 
and it glve.s off little or no smoke when it is being 
burned. Its peculiarities are duo to changes which 
it has undergone within the Earth’s crust; one of the 
factors concerneil in the change appearing to be 
the pre.sence of water at a high temperature. In the 
neighbourhood of rocks of an intrusive nature, coal 
scams liave undergone more or less deterioration, 
and are, in many cases, thus rendered quite valueless. 
A further cause affecting the commercial value of 
coal seanis is the fact that they tend to gmduate 
horizontally into stratified rocks of other tyjHis, use- 
less as fuel. Thus the argillaceous lamince present ia 
a seam may be small in proportion to the good coal 
at one place, and yet may show a gradual increase 
when followed in the direction of a place at no great 
distance ; the change may even proceed so far as to 
end in a total rcj)lac‘emciit of the coal soam by enr- 
boiiaceous shale, of no commercial use. The coal 
may gra<lually ))ass, in like manner, into clay iron- 
st<me into oil shale. The origin of coal scams 
has been a fertile source of diversity of opinion for 
a long time. Tbe orthodox view is that it has been 
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vogetal^le ^nstituents, and the sorting a(*tion of 
wah^r in motion, are sufficient to aec^mnt for the form- 
ation of the layers pf different composition. The 
most essential feature required for the growth of the 
plants tlidlb give ribo to extensive bods of coal seems 
to l>e a moderately warm and humid climate, which 
han but a small diurnal and annual range of tempera- 
ture. Coal occyrs in rocks of almost all ages, from* 
those of C'arfJhnifeious times — which afford the chief 
Bup]>ly of Western Euroiie-— down to others of com- 
paratwely recent age. Coal of Lower New Red or 
“1‘armian” Jige occurs in Westmoreland, but it is 
of no coufmefoial value. Coals of Jurassic age occur 
in thb Nprth of England, and have long boon worked 
for fuel in Norfb-Eastern Kcotlan<l. Coal of Nco- 


^ Coal Dust (Mmlding^, Mixed with foundry tond , 
for mouldings, and also iised as blaoking or* 

facing for the mould itself. ^ i* ^ 

Coal Oas. See Gas Manvfagtube. ' ^ 

Coal Tar Distillation. See Gab MAnufai^ubb : 

Coal Tab Distillation. ^ t’ 

Coal Tiup Dyesw Siee Dyes and Dyei)¥G. “ <. 

Coarse Hard (^Eng.,rtc.') Ai>plied to emery and 
emery wheels used for rough work. 

Coarse Metal See Coppek. 

Coarse Stuff (Plast.) Lime and sand mixed with 
hail for the (imt coat of plastering. 


comian age is known in the South of England. In 
other parts of the world coal beams in every respect 
like those octtirring in Rritihh (Virboniferous tocks 
have been worked in stratn belonging to all geological 
horirons, ranging from Talaaozoic up to those of Late 
Tertiary age. The coals worked in the Midland 
counties, in Wales, and the parts of England 
arljoining, penaimto the Upper C’aiboniforous rucks; 
but in the North of England, and in Kouthera Scot- 
land, commercially important coal seams also occur 
ill rocks of Lowei Carboniferous age. The coal seams 
worked in Ireland are usually regarded as being 
exclusively of Upper CaiUmiferoub age. Amongst 
the changes which coal has undergone below ground 
is the devohqiment of two (or more) sets of cross 
fra<‘tiires peri»en»flCular to the jdancb of bedding. 
These divide the eoal scams into nearly rectangular 
portions at close hOiizontal intervals. These natural 
divisional planes or joints aic known as the Cleat. 
They are important factors in the “winning” or 
extraction of the coal. Scveial other factors which 
affect the profitable working of coal remain to bo 
noticed. One of the most important i.s the nature 
of the “ roof ” or bed overlying the coal seam. It is 
lra}y)rtant, in this respect, that the roof should be 
rigid enough to stand, without much artificial sup- 
port, over the parts whence the coal has bi*on mined. 
Another factor is the amount of inclination from 
the horizontal position which the strata, in(*luding 
the coal scams, have undergone. The presence or 
the absence of the planes of dislocation (Faults) is 
always an important consideration. The facilities 
which the position of the mine affoitl foi both \entila- 
tion and drainage are, again, of much importance. 
Lastly, the liability of coal scams to be (^ut Out 
(i.s. to disappear, or bo suddenly terminated) has 
to be taken into consideration. One cause of this 
nature is due to old channels of erosion, along which 
the coal has been locally removed w'hile the rocks 
were in process of formation. These are called W Asii • 
OUTB. Another is due to the presence of sandbanks 
or other rising ground, against which the deposition 
of the carbonaceous matter has locally terminated. 
These banks are known as Hobbes. The remaining 


Coat Armour (1) A coat or garment^ 

l>earing armnrlal insignia, which was worn over 
armour. (2) Armorial insignia borne by a gentleman. 

Coating (Pamty A preparation of planter placed 
on the wall for fresco painting. 

Coating Machine (Paper Manufac.) A machine 
j used for making “art” jwper h\ coating onlinary 
; paper with iiiineml mattei, such as China clay, etc. 

I Coat of Arms (Ifer,) As now understood, a 
I complete and distinctive heraldic composition : 

I derived originally from the coat armour (g^.r.) 

I Coat of Mail. A piece of armour for covering the 
upper p.ut of the bo<l}, consisting of interlaced lings 
or overlapping idatcs of iron or bteel, attached to 
a strong linen or l(*ather jacket. The Greeks and 
Romans wore coats of mail, termed respectively 
“ thorax,” and " lorica.” Nrr Abmoub (Mail). 

Cobalt^ Co. Atomic weight, 59. A white metal 
• with bluish shade (sp. 8'7), harder than iron; 
magnetic . melts at 1 .>00^: unchanged in air : slowly 
dissolved by hydiochloric and sulphuric acids, 
quit kly by nitric acid. It is used in electroplating ; 
articles so plated are described as “huperior nickel 
plate.” Obtained by stiongly heating tlie oxalate 
out of contact with air ; or reducing the oxide in 
liydrogcn or by licating it with aluminium powder. 
See Goldschmidt's rsocBss. Occurs with nickel, 
and also combined with arsenic and sulphur. This 
element has not been found native, but it exists 
in combination in nature in the minerals Smaltine, 
CoBALTiNE, Ertthbine, Abbolane, and other 
rarer ones. * 

(Z^ec.) A useful blue pigment of a greenish 

hue. It is quite permanent, and works better in 
water than it does in oil. 

Cobalt Bloom (J/fR.) Asynon>mfor Ebythbike 
( g-.r.) 

Cobalt Compoundi. Cobalt Oiudb, 00,04. 

oxide of this formula is prepared on a largo scale 
for making Smalt (xee below), and fbr oolonring 
glass and porcelain blue, and for |>reparing %obalt 
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salts. The cobalt ore is roasted, dissolved in acid, 
and treated with sulphuretted hydrogen to separate 
arsenic, bismuth, etc.; the solution is then pre- 
cipitate with sodium carbonate, and the precipitate, 
treated with oxalic acid, gives a mixture of the 
insoluble oxalates of nickel and cobalt. On adding 
ammonia and leaving exposed to air, the cobalt is 
dissolved and the solution evaporated, and the 
residue heated in air gives the oxide. Bmalt is 
a double silicate of cobalt and potassium, and is 
made by heating cobalt oxide with potassium 
carbonate and finely divided quartz ; it is extensively 
used as a pigment. Cobalt Chlobide, OoCl^, is 
blue when anhydrous, and pink when in solution, 
and is obtained by action of chlorine on the metal or 
solution of the oxide in hydrochloric acid. Cobalt 
Nitbate, OoCNOj)^, a red deliquescent crystalline 
solid obtained by dissolving the oxide in nitric acid. 
It is used in blowpipe analysis. Solutions of cobalt 
salts are used as Sympathetic Inks— the pale pink 
writing is almost invisible, but when warmed before 
a fire, a trace of moisture is driven off, and the colour 
becomes blue and is visible. 

Cobalt Oreen (Dec.) A pigment composed of zinc 
and cobalt oxides. It is permanent, but inferior to 
chrome green 

Cobaltine {Min.) A sulphide and arsenide of 
cobalt, CoAsS. It occurs in tin-white crystals of the 
cubic system. The crystals usually have a faint 
pink tinge. Also found massive. It is used in the 
manufacture of smalt. Found in Cornwall, many 
localities in Sweden and Norway, in Westphalia, etc. 

Coca* 3tythroasylon Coca (order, Erytkroxy- 
The dried leaves are used for the preparation 
of the alkaloid Cocaine 


Cocaine* A white crystalline solid ; melts at 98” ; 
readily soluble in alcohol, chloroform, and ether ; 
with difficulty in water ; Laevorotatory. It is a valu- 
able local anaesthetic ; very poisonoua Occurs in 
leaves of Erythromylm coca (South America), and is 
obtained from the leaves by treatment with caustic 
soda and petroleum of high boiling point. From 
solution in petroleum the base is extracted by hydro- 
chloric aci(I, pving a crude hydrochloride, which is 
purified. It is also largely produced, synthetically, 
from Ecgoninb, obtained from the mother liquor 
resulting in the preparation of cocaine. The eogo- 
nine is converted into the methylester by methyl 
alcohol and hydrochloric acid gas, and this is then 
treated with benzoy& chloride, yielding cocaine hydro- 
chloride. CcK^aine is recognised by the pleasant 
smell of methyl benzoate, which it gives on warming 
for some time with alcoholic potash, and by its 
numbing action when a drop of its solution is placed 
on the tongue. The following facts are important in 
relation to the constitution of cocaine : Boiled with 
water, it gives methyl alcohol, and benzoyl 

eegonine; boiled with strong acids, it gives methyl 
alcohol, benzoic acid and eegonine; cocaine can be 
reproduced from these (see above). It is a tertiary 
base (q.v.) Eegonine contains a methyl group at- 
tached to nitrogen, as it yields methyla&ine, 
(CHjNH,), wlien heated with baryta ; it is an alcohol, 
as it loses one molecule of water and forms An- 
HYDROECGONINE on treating with acotic anliydride 
and hydrochloric acid gas. Anhydroeegonine is an 
acid, and it is unsaturated because it adds two 
atoms of bromine: also, on heating with hydro- 
chloric acid, it loses carl^n dioxide and forms tro- 
pidine. This last fact establishes the relation to 
atropine. These facts are all explicable by the 
following formulae: 



Tropidikb, Tropinz. Atbopike. 


CoeeuliiB IttdicuB. The one seeded dry fruits of 
a Malayan climber, Anamirta coetnilwi (order, 
Menifipermacifa), Used in medicine and sometimes 
as aa^^ullemting* agent in porter, etc. The seeds 
€onta& an alkaloid, Plcrotoxin. 


Cochineal* The scale insects allied to the common 
plant lice (Aphvt) include the cochineal insect, 
Ofooug daeti (order, Mhynehota), which infests a 
Mexican cactus (*ee Opuntia). The wingless female 
insect, dried, is the source of the colouring matter. 
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The dried bodies are treated with boiling water and 
a small quantity of alum or cream of tmtar, under 
which treatment they yield a rich crimson pigment 
used in the manuf^ture of Cabmtkb and other 
Lakes (^.e.) See Bteb and Dtbibo. 

Ck)ek A general term used in engineering, 

etc., fora tap for the i)assage of water, or other fluid, or 
occasionally for some other form of valve opened by 
hand. The woid ** tap ” (qA\) is applied by engineers 
to a special tool for cutting internal screw-threads. 

CkKskatrfce* A mythical composite creature partly 
serpent and partly cock, identical with the basilisk 
(?•».) 

Cooked Bead i^Carp, and Jmn.) A half round 
bead standing above the general surface of the work. 

Cockling (Tejetiles), liregular weaving of warp 
threads caused by uneven tensioning, thus giving a 
raw appearance to the cloth. 

Cook’s Eyq { Plumb .) See Bibd*s Eye. 

Cook Up Applied to a large type used 

as the initial letter of the first word of a book or 
chapter, the foot ranging with that of the other type 
in the line. 

Cocoa. This article of food is prepared by roasting 
and grinding the seeds of Theohroma cacao (order, 
SterculUicea). The fruits contain from fifty to a 
hundred seeds. Cocoa is nutritious, containing a 
large amount of fat and starch. Its active principle 
is Theobbomine (^.v.) It is often adulterated by 
the addition of sugar and starch, also by mineral 
matter, which is added for the purpose of colouring. 

Coooanut. Cocos nucifera (order, Palmec), This 
tropical palm is the source of many important 
economic products. The fibrous covering of the nuts 
is used for matting, brushes, and ropes. 

Cocoon. See Kilk. 

Cod. The codfish, Gadm irterr/twrt (family, Gadidfc), 
and its near allie.s form an important economic group 
of fcx>d fishes. IJhft oil and skins are also valuable. 
See Coi> Liveb Oil. 

Coda {Music). A tail or ending : that portion of 
a composition or movement which serves as an 
ending. 

Codeine C 17 H 1 g.CH 3 .NO 3 . An alkaloid. It 

forms colourless crystals ; soluble in water (1 in 80) ; 
readily soluble in alcohol and chloroform. It is 
methyl morphine {see Morphine), and its physiolo- 
gical action is similar to that of morphine, but less 
in degree. Occurs with morphine in opium (-3 to 
2 per cent.) It can be made from morphine 

Codetta {Music). A short coda. 

Cod Liver Oil. A valuable oil obtained from the 
liver of the common cod. Of the three varieties, 
pale, pale brown, and brown, the first only is used 
for medicinal purposes, and is obtained by steaming 
fresh livers taken from the flsli as soon as they are 
brought ashore. The other two varieties are obtained 
from livers partly decayed, and are largely used in 
the manufacture of certain leathers. 8 p. gr., 0*922 to 
0'930 at 60° F. 

Ooeffiolent. A numerical quantity (commonly 
obtainetl by experiment) which enters into a formula 
as a multiplier. 

Coeffloient of Elastlci^. See Elasticity. 

QoelBoioiitofEzpuiiioii. {Tltai.) Expansion. 


Coeffloient of Frictioii. See Fbiction. 

Ooeffiolent of Leakage {Eleet. Eng.) The ratio of 
the total number of magnetic lines produced by the 
field magnets of a dynamo, etc., to the total number 
which passes through the coils of the armature. 

OoeJficient of Magnetic Indnotion {Elect.) See 

Permeability. 

Coefficient of Magnettsation {Elect.) See 

Susceptibility. 

Coeffloient of Hntnal Induction {Elect) If there 
be two neighbouring circuits, and unit current in 
one of them oause a certain number of lines of force 
to pass through the second circuit, then that number 
of lines is termed the COEFFICIENT OF MUTUAL 
Induction of the two circuits. 

Coeffleient of Rigidity. See Bigidity. 

Coefficient of Self Induction {Elect.) The total 
number of lines of force tliat. are caused to pass 
through a circuit by a unit current flowing in it. 

Coeffleient of Tpanifopmation {Elect Eng.) The 
mtio of the E.M.F. in the secondary coil of a trans- 
former to the E.M.F. in the primary coil. See also. 
Transfobmer. 

Ccalom ^{^Zoology). A term applied to the body 
cavity of an animaL The coelom is bathed in a 
watery fluid (the serous fluid). 

Coepcive Force {Elect, The amount of 

magnetising force that must be applied to an electro- 
magnet in tbc reverse direction to the origiflal force 
which was used to magnetise it, in order to reduce 
the remaining magnetism to zero. The better the 
quality of the iron the less the remaining magnetism ; 
hence the itss the coercive force necessary. See also 
Hysteresis. 

Coerulein, Cemlein. See Dyes and Dyeing. 

Ccerulcum (Paint.) An artist’s pigment of a 
greenish blue hue. It is made from oxides of tin 
and cul/alt; is perfectly fast to light (i.e, is not 
affected by light). It ma}' be imitated on the palette 
by mixing ultramarine, viridian (q.v.)^ and white. 

Cocur {Her.) Sometimes used to denote the 
centre of a shield ; otherwise called the centre or 
fesse point. 

Coffee. The so-called Coffee Beans are the 
horny seeds of a cherry-like fruit, Coffea arahica 
(order, Ruhiacece). Coffee has a stimulating effect 
on the nervous system, its active principle being 
Caffeine {a.v.) Coffee is frequently adulterated, 
more especially when sold roasted and ground. The 
adulteration can be detected by microscopic examina- 
tion. The addition of chicory is perfectly legitimate, 
providing that disclosure is made of the mixture at 
the time of purchase. 

Coffer {A rchitect.) A sunk panel in a dome, vault, 
or soffit (y.r.) 

Coffer Dam ( Civil Eng.) A water-tight enclosure 
constructed in a river, lake, etc., reaching from the 
bottom of the water to the surface. It is emptied of 
water by pumps to enable engineering or building 
operations to be carried on in the bed of the river. 

Coffered Ceiling {Plast.) A ceiling moulded in 
the form of panelling. 

Coffering {Mining), Lining a shaft with masonry, 
the stones being shaped in plan hke the voussoirs of 
an arch, and built up into successive circular courses. 



OH (jSuild.) See Cooo^D Joint. 

— — The tooth of a gear wheel ; more 

especially a wooden tooth, formerly much used in 
Moetiob Whbblb (gf.v.) 

Cogged Joint 

and A joint 

having a projection, 
termeil a COO, in the 
centre. 

Cogging (i%0 Fit- 
ting the teeth of a 
mortice wheel. 



CoooED Joint*. 


.w — (Met.') The conversion of steel ingots into 
blooms in a cogging mill or rolls. 

Cognioanee (Her,) A badge or device adopted as 
a disnnctive mark, not placed upon a shield, or used 
as a crest ; e,g. the ostrich feathers of the I'rince of 
Wales. 


CognoBoente (Art), A connoisseur. 

Coheiw (Meet.) A form of detector for electric 
waves. See Wibelbss Tblbgbaphy. 


Cobeiion (Phy».) The property of holding together 
possessed by the particles of a solid or (to a less 
extent) by a liquid. 

Coif (1) In early use, a close fitting cap or 

hood tied under the chin and worn out of doors b}" 
both sexes. The head covering of women iu foreign 
countries. (2) A cap worn by serjeants-at-law. after- 
wards represented by a white border or a small patch 
of blacitsilk on the top of the wig. 

Coil (Sng.^ etc.) (1) A number of turns of wire, 
rope, etc, (2) Turns of piping used for the purpose 
of relating heat. (3) In electricity, a number of 
turns of wire (usually insulated) wound either on a 
solid core or on a hollow reel ; esjx^cially an 
Induction Coil (s'.tJ.) See aUo solenoid. 

(Motor Car). Au Induction Coil (^.r.) 

which gives a hot* spark for igniting the explosive 
charge in the cylinder. The coil is usually worked 
by an accumulator of two cells, giving abuut 4 volts. 

Collar (Cotton Spinning). A mechanism attached 
to the canting and drawing machines for coiling the 
strands or Slivbbs {g.v.) in a sjiecial tiibe-shaix.*d can. 

Coins. Flat pieces of metal of various thickness 
and value, generally bearing the image of the 
sovereign, or some symbolical figure or figures. 
Ancient coins, especially those of Greece, are cf 
great importance as objects of art, and they also 
serve to lUnstrate the history of art. See Blanks. 

CoIntiBO (Cost.) A fanciful dross. Tlie peiu.lant 
scarf on ladies’ headdresses; sometimes worn by 
knights on their helmets in jousts as a ** favour.” 

XSofce* The product of the <lestructive dlstillatioTi 
of coal (of. Chabcoal). Gas Coke is the result of 
heating coal in retorts in gasmaking. Oven Coke, 
or HABD Coke, used for smelting and various metal- 
lur^fdoal operations, is manufactured in s|)ccial ovens 
or fumaoe^ The essential re^quirernent in coke used 
for these latter purposes is freedom from sulphur, 
arsenic, and phosphomSi but up to the present time it 
has not bi^en found possible to eliminate all sulphur. 
Coke is also used to a large extent as a medium for the 
bacterial treatment of sewage, for which purpose it 
seems to answer well. 

Caka Bed (Met,, Fmndry, etc,) (1) A layer of 
isok» placed at the bottom of a cupola. (2) A layer 


placed below large moulds, forming a porous mass 
which affords a means of escape for the gases pro-^ 
duoed duripg the pouring of the metalinto the mould. 

Coke Breeee. Crushed coke ; used ^ fuel, as a 
filling for hollow floors in bnilding, and for various 
other purposes. 

Coke Mill (Fo-undry). A mill for grinding coke 
into powtler for use as blacking (q.r.) in a foundry. 

Coke Plate (Met. ) Thin sheet made from ordina^ 
puddled iron. It was originally so called to dis- 
tinguish it from iron refined by means of chatooal. 

Colas* Process (Phdo.) A printing process in 
which the paper ^ coated with ferric salts, whicb 
are converted into ferrous salts under the action of 
light. The print is developed by gallic acid, which 
blackens the portions unacted on by the light. This 
process gives a negative from a negative, and a 
positive from a positive ; hence, in copying a tracing, 
it gives black lines on a white ground. 

Colcothar (Chem.) The commercial name for a 
red pulverulent ferric oxide, (Fe^O,). Also known as 
Rouge. 

Cold Air. See Refbigebatobs. 

Cold Bend (Eng.) Testing iron bar and plate by 
bending. The angle at which cracking begins is a 
test of the quality of the iron ; hence this is often laid 
down in the specifications of contracts for ironwork. 

Cold Blast (Met.) The old method of working 
blast furnaces, etc., by a blast of cold air; it was 
less economical, but produced a better quality of 
iron than the modern Hot Blast. It is now almost 
obsolete. 

Cold Chisel {Eng.) A chisel of strong hand steel, 
made of one piece of metal, and tempered so as to be 
able to cut iron when struck with a chipping hammer, 
but not made so hard as to be liable to fracture under 
the blows. This requires the steel to be tempered to 
a colour varying from brownish yelh;w to light purple, 
i.c. fiom 5d'»“'to F. See Tempbbing. Also 
used for cuttinsr brick, stone, 

Cold Iron Saw {Eng.) A small thick circular 
nuw with the culling edge of the teeth parallel to 
the axi> of the saw ; run at a slow speed. 

Cold, Production of {Physics). See Refbiobra- 

TOBS. 

Cold Riveting {Eng.) Closing up rivets without 
previously luiating them. This method of riveting 
is always used with copper rivets, but is not used 
vrith iron ones, except in the smaller sizes. 

Cold Rolling (Ethg.) The rolling of iron, cold, 
gives cunviderafc)le tensile strength, but lowers the 
toughness ; much greater smoothness of surface is 
obtained tiian when rolled bnl. 

Gold Set (Eng.) A short o', isel fastened to a long 
rod at right angles to its length, used by smiths for 
cutting iron bars Without heating. 

Cold Short (A%., Met.) Iron or steel which is 
brittle “ in the cold ” (i.e. below a dull red), Tliis 
defect is chiefly due to tlie presence of phosphorus, 
arsenic, or silicon. C/. Red Short. 

Cold Test (Eng.) See OoLD Bend. 

Cold Water Test (Eng.) Hydraulic testing of a 
boiler with cold water, as distinguished from tests 
with hot water or steam. The water is forced into 
the boiler under pressure, and the seams, etc., are 
examined for leal^e, yielding, etc. 
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^ ^ either tamed ap 

oat of the solid zaetal or added as a separate piece, 
osually to prevent end play or longitudinal motion 
of the .shaft. ' 

An ornament in the form ofr a 

chain worn round the neck, especially as the insignia 
of an order of knighthood. A collar is part of the 
investitore, and ’is worn by the knights of the follow- 
in^Bnglish Orders : Order of the Bath, St. Michael 
and St. George, the Star of India. 

Collared (iTs*/*.) Wearing a collar. 

Cellaring {Met*) The adhesion of a bar to the 
rollers during the operation of rolling. 

Collar Roof {Carjh) A roof Having a horizontal 
beam (collar) diced to the rafters one-half or one> 
third of the way up, to prevent them spreading or 
sagging. See aUo Hoofs. 

Collate {^Jpog, and IHnd^ To examine or to 
place in (>rder, by their signatures, the sheets of a 
book : a Signature being a letter or figure in the 
white line at the foot of the first page of each slieet 
or section of a book. 

OollaYoce {Mune). With the voice. Used in 
aceoraijaniments. 

Collecting Rings {Meet, Entj.) The insulated 
rings on llie slmtt of an alternate current machine 
by which the current is led away from, or into, the 
machine from the external circuit. They are used in 
most cases when a current has to be led into, or out 
of, any circuit {e,g* a Kotor, fji.v,) carriod on a re- 
volving shaft. Kach end of the wire forming the 
cii*cuit is nttivcherl to one ring ; a brusli or conductor 
of suitable form, Hupported by an insulated holdci, 
presses on each of the rings as they revolve ; the 
eyterniQ circuit is connected to these conductors, and 
through them to the revolving part of the machine. 

Collidines (f^he?n,) The Tbimethyl Pyhidines. 
lYiiibiNE. 

Collodion. A .solution of Pyroxyline (fj.r,) in 
alcohol and ether. It is used in making artificial 
silk, plates for pliotfTgraphy, and for covering small 
wounds to exclude air, elc. C’ollodion-covered or 
** wet ” plates are now hui)erseded in or«linary cases 
by gelatine films, but are still used in certain special 
kinds of photographic work. 

CoUoid (Phgs ,) Substances of the nature of jelly 
(€*g. glue, gelatine, albumen). They are non-crystal- 
line, can only diifuse very slowly t hrough a membrane, 
and probably possess very large molecules. 

Colloidal (Phys) Having the properties of a 
Colloid (g^v.) Many bodies, e.g. silica, can exist both 
in a GiyB^lline and in a colloidal or amor}:)hous form. 

Cologne Earth {Paint.) A deep brown pigment 
prepared from lignite or partially fossilised wood. 
It is transparent and durable. 

Cologne Yellow {Paint) A pigment produced by 
mixing chromate and sulphate of lead with sulphate 
of lime. 

Colon (Typog.) A punctuation mark, thus : 

* Colonnade (Arohiteot) A range of columns either 
attached to a wall or at some distance from it. See 
Portico eiMf Pdribtylium. 

Colophon {Pgpog,) a device or emblem placed at 
the end of a book or manuscript. Formerly (i./'.in 
early printetl books) it conveyed the information now 
given on tbie title page. 


Golosaua {Senlp,, ete*) A statue or figure teeny times 
larger than life siee. Amongst remarkable ^mmples 
aiu the statue of Apollo at Bbodes, the 
Rpbinx, the figure of Osiris, and the modem siltQe 
of IdheAgt from the design by Bartholdi, ezeoted 
the entrance to New York harbour. 

Colour {Betany). Any part of a plant which |g 
not green is said to be “ coloured.” Hence, in botany, 
a white fiower is said to have colour. 

{Build.) In the builder’s use of the word, 

to colour ” is to i^aint either in oil or distemper : the 
term is applied chiefly to work on walls or ceilings, 

{Phya.) The sensation of colour is due to 

the effect (or sensation) produced upon the retina of 
the eye by light of some particular wave length .V.), 
or by a mixture of light of several wave lengths. 
The sensation is only produced by light whose 
wave length varies from about *00003938 cm. to 
•00007594 cm. Waves lying outside these limits are 
not detected by the eye, though they may be detected 
by other means, such as their thermal or their 
chemical effects. A given colour can only be fully 
described by means of three properties which it 
possesses': (1) Hue or Tint, (2) LuwiNOfiiTY, and 
(3) Purity. The first of these depends on its fre- 
quency, and is analogous to the Pitch (tf^.v.) of a 
sound ; tiie second depends on the amplitude of the 
vibrations, and is analogous to the Loudness of a 
sound; the third depends upon its freedom from 
admixture with white light, and is to some extent 
analogous to the Timbre or Quality of a soui^. The 
colour of an object is due to the light which n. sends 
to the eye ; accordingly, in the case of a body which 
is not self-luminous, the apparent colour will 
depend upon the nature of the light by which the 
body is illuminated ; it is therefore not an inherent 
property, and will vary when the object is viewed by 
different kinds of light. In ordinary language, the 
colour of a body means that particular colour or hue 
which it sends to the eye when iV is illuminated by 
sunligjit, either direct or diffused. See aUo COLOURS 
{Pigments). S;pr.CTEUM, SPECTRUM ANALYSIS, etc. 

Colour Base {(hem.) The name given to a basic 
substance which is itself colourless, but whose salts 
are dyes. Thus triamidotriphenyl carbinol, 

C-C*H,NHj 

in 

is colourless, but its salts are dyes of an intense red 
cohuir. 

Colour BlindnoBB {Light). The inability of a person 
to distinguish one colour from anotlier. It corresponds 
to the lack of a musical ear,” which is the inability to 
distinguish tones or sounds of different frequencies. 
Both these defects are usually partial only ; a colour- 
blind person is as a rule able to distinguish certain 
colours, but not all. 

Coloured Screens {Photo.) See Photography in 
Colours awrf Isochromatic Photography. 

Colouring {Paint.) A term used with reference 
to the manner or style in which the colours have 
been handled in a painting, but more especially with 
reference to the general effect produced by the colours 
employed. See Colourist. " 

ColouriBt. A painter who excels or who eims at 
excellence in colouring, i.e. brilliance and harmony. 
The painters of the Venetian School, notably Ti^an 
and Veronese, excelled as colourists, os also did 


lI,NCJl,v 
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Velasquez, llubens, Kembrandt, Eugene Delacroix, 
Ccmstable, and, in recent times, some members of the 
pre-Baphaelite School. 

Ck>loiiFlesi (Botany). A green part of plant is 
said to be colourless. See Colour (Botany). 

GolouPy Local. Tone or colour appropriate to a 
pLiticulax object in a picture ; realistic representation 
of scenes, with proper accessories. 

Coloup Photography. See Photography in 
Colours. 

Colour Printing. See Print rNo ; Chromolitho- 
graphy , the head Lithography ; and Chromo- 
xylography, Wider the head ENGRAVING (Chromo- 
xylography). 

Colour! (PignienU, Der.^ etr.) Tbe won I colour is 
commonly applied to pigments used for imparting 
colour to various objects. The stmly of this subject 
is a very complex one, and is surroimdetl by many 
difficulties, not the lca.st of which is the fact that the 
colour sense varies largely in different individuals, 
while about one ijerson in eighteeu is partially colour 
blind, i.e. cannot distinguish between (‘crtain diifcr- 
ent colours. There is no settled nomenclature for 
colours, and this adds to the difficult 3 \ A consider- 
ation of colour may conveniently be divided into two 
distinct parts, one relating to colour in the scientific 
sense (see Colour), and the other tlie colour of the 
artist, dyer, and lumhc painter. Colour has no con- 
crete existence, but must be considered merely as a 
sensation. A plant, for example, which is of a bright 
green colour when viewed in the daylight, lo^cs that 
colour wholly when taken into a dark room. All 
objects are seen by rays of light reflected from such 
objects on the retina of the eye by means of a set of 
lenses. Certain nerves susceptible to colour are 
excited at the same time, so that a perfect picture 
as to form, colour, and shading is pro<lu(cd. 
Ordinary sunlight is not simple, but complex, con- 
sisting of all the colours in combination. This was 
first demonstrated hy Xewton in his classical expori- 
luent. He pierced a hole through the closed shutter 
of a window upon which the sun was shining, so as 
to admit only a beam of sunlight. Ibi\ing placed a 
glass prism in the path of this beam, he obtained 
a spectrum (q.'e.), having upon it all of the colours 
of the rainbow, each merging into the other imme- 
diately adjacent to it. He tl us ostahlished the fact 
that white light is composed of a number of beams 
or rays of coloured light. The splitting up or refrac- 
tion of light in order to profluce all the colours 
in a spectrum may be done in various ways on a 
scientific basis, such as by a glass jirism, a diffraction 
grating ((f ■»'.), etc. In each case the six-ctrum is 
essentially the same, including, first, red, then red- 
orange, followefl by (>raiigc, orange-yellow, yellow, 
green-yellow, yellow-green, green, blue-green, cyan 
blue, blue, blue-violet, and violet. We have thus a 
series of colours, one merging into the other, and 
giving a very great variety of hues. Iiidecd, it is 
probable that a sensitive cj’e can flLstinguish between 
some two million different colours. No doubt the 
power to distinguish the small diffcretices in iiue is 
a matter of cultivation. Savages are probably able 
to di.stiDguish only the most striking differences, 
such as ' the bright reds, greens, and yellows. It is 
jM-obable, too, that in the early history of mankind 
the eye was uncnltivatcd, and that it is among 
cultured people that the greatest sensitiveness in 
distinguishing colours is found Insects arc without 
doubt susceptible to colour and it is here that 


nature causes colour to play a useful part ; e^f, the 
hue of the petals of a flower is such as to attract (in 
conjunction wnth the perfume) the fertilising insects. 
If any colour in a spectrum be separated from the 
rest (this can be readily accomplished 1;^y piercing a 
screen upon whic^h the spectrum is thrown), and if 
this single colour is allowed to pass through a second 
prism, it will be found that it may again be divided 
up, excepting in the case of rod, green, and viqlet, 
which remain unchanged, and are therefore termed 
the throe PRIMARY COLOURS. As will presently be 
explained, these priniaiy colours do not corrosfKjnd 
with what were formerly' accc})ted as primaries, viz. 
red, blue, and yellow, the latter being based upon 
the results obtained from the admixture of pigments. 
If three magic lanterns are fitted respeotn^ely with 
red, green, and violet glasses of exactly the right 
iiue, and the beams of these different coloured limits 
are allowed to fall upon tbe same spot on a screen, 
white wdll be the result. There is some difference 
of opinion as to tbe exact hue of the three primary 
colours named, but the c-onsensus of opinion is that 
the red is similar to that produced b}' the admixture 
of carmine and vermilion (the well known post office 
rod, for example), wdiile the green is emerald gieen 
(tj.v.\ and the violet somewhat bluish in hue. Tlie 
most convenient method of considering the differ- 
ences in effect produced by coloured lights or 
coloured pigments or dyes is to coiisidet that such 
pigments or dyes are not the colours themselves, but 
the bodies which produce the sensation of colour. 
The accepted theory is that when white light falls 
uixin a green plant, for example, all the rays are 
ab»orb(jd excepting the green raj's, which are retleeted 
to the eye. When admixiurtjs of coloured light are 
made, either by means of magic lanterns or by 
revolving discs, the result is very different from tlie 
admixture of tlie same coloured pigments. Th.us red 
ami green light wdien mixed give yellow, but red and 
gi’ecn jiigments > ield a brown. Blue and yellow lights 
give a greyish white, while, as is well known,' blue 
and yellow pigments give a green. In dj'es the 
difference is even more .striking. David Paterson 
gives a number of instances— rod and yellow- 
green in dyes give a terra- jotta shade when mixed, 
V>ut in the case of light a very pale pink; a deep 
shade of red and green in dyes yields black, and in 
coloured lights a grey. Pilue and red dyes produce 
a deej) red or maroon, but in light a violet jiurple. 
The .same diffenmee is aj^parent in house painters’ 
and artists’ pigments. Fur example, a mixture of 
j'ellow and bl.nck gives a good neutral green. It 
should therefore be considered that the admixture 
of pigments changes their qualities by the absorption 
of light, or at least the reflected rays are, in the aggre- 
gate, changed, and hence the appeamnee is different. 
In practical work the mixture of coloured light is 
generally discarded, although a knowledge of the 
subject is essential to its investigation. When dif- 
ferent colours are airanged si(ie by side in minute 
quantities, and are viewed from a distance, the rays 
of light reflected from each combine, giving practi- 
cally the same result as would be obtained, not from 
an admixture of the different coloured pigments 
emploj'cd, but of the lights they represent. Colour 
printers frequently combine colours in the same way* 
as, for instance, in pinducing a series of red tints by 
“ruling up,” or introducing very fine white lines 
between t he coloured ones. It is stated that experi- 
ments conducted recently with a view to ascertaining 
which colours may be most advantageously employed 
for painting guns so as to render them least con- 
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Bpicnons to the enemy, resulted In the discovery that 
if the primary colours were used in dots and in the 
proper proportion they would, when viewed at a dis- 
tance, he almost invisible, the expUnatiou being that 
the light of the three colours reflected over a long 
distance combined so as to form a white light, and 
consequently the gun was rendered practically in- 
visible. It ha^ already been stated tliat the three 
primary colours or sensations are red, green, and 
violet ; the three primary pigments are usually red, 
blue, and yellow, and it will be observed that the 
term “ red ” is nsed in both cases. It need hanlly 
be pointed out that **red** does not refer in each 
case to the same colour, which is another illustration 
of the inconvenience which arises from a want of 
nomenclature of colours. If tlif position of the six 
colours, viz, the three primary pigmentary colours 
and the three primary coloui-s of light or sensations, 
be taken from a spectrum, it will be found that iliey 
do not coincide. The red pigment is of a somewhat 
violet hue, while the red colour liglit is a distinct 
orange hue, and this explains the whole difference. 
We may thus set out the C(j lours as corresponding 
with the spectrum : Red (pigment), red (sensation), 
y^Jlow (pigment), green (sensation), blue (pigment), 
violet (sensation). The study of complementary 
colours is one which is of the utmost interest in the 
Solution of problems relating to colour harmony, I 
and is indeed the foundation upon which a study 
of the subject is founded. Speaking broadly, a j 
complete colour harmony may be said to consist of j 
such a combination of all tjje colours as, when 
viewed as a whole, one set “of colours tends to 
neutralise the others. Thus the eye is not unduly 
excited by a single colour, or excess of a single 
0 {)lour, as it would be when the combination was out 
of harmony. A room painted in a single colour 
becomes distressing to the eye, because it unduly 
excites the nerves of that particular colour, which 
soon become tired. Setting down i he above-mentioned 
primary colours in regular order, and calling the ”red” 
of the colour sensation “orange/’ we have the following 
table ; 

PltlMABY COL>;W{S. TKIMAKT t’OLOUBS. 

Pigme7iU. JSamaitions. 

Blue is complementary to . Orange. 

Red is complementary to . (.Ircen. 

Yellow is complementary to . Violet, 

If the spectrum bo so arranged as to form a circle, 
that is, the red joining the violet, there will be found 
to be no distinct break between the two, the red 
merging into the violet, as might bi* expected. A 
colour circle of this kind cfin be used by the decora- 
tor to ascertain at a glance the colour comple- 
mentary to any other colour. For example, a bright 
crimson red immediately faces, or is opposite to, 
emerald green, and this emerald green consists of a 
mixture of blue and yellow ; hence we have the three 
colours vrhich form in theory white, or a combination 
of all the colonra in one. Colour Mixino : Although 
tl.\e general understanding is that all colours may be 
made from an admixture of red, blue, and yellow 
pigments, yet in practice it is found convenient to 
use a much more extended palette. Speaking 
generally, it may bo said that the more expe^ri a 
mixer is the fewer number of j^lettes he will require. 
The palettes of well known artists differ exceedingly, 
and each shows some individuality. Professor 
Church gives the following palettes : 8ir Joshua 
Reynolds, (1) Flake white, yellow ochre, lake, ultra- 
marine, black. (2) Flake white, Naples yellow, yellow 


oohre, carmine, vermOion, ultramarine, and black- 
Sir John Gilbert, R.A. (fifteen pigments)^ Chinese 
white, yellow ochre, raw sienna, vermilion, light 
red, Venetian red, Indian lake, cobalt, artificial ultra- 
marine, -indigo, Prussian blue, Antwerp blue, butnt 
sienna, Vandyke brown, ivory black. Church gives 
the following selection as a general working set for 
oils of twelve pigments: Flake white, cadminin, 
yellow aureolin, yellow ochre, vermilion, madder, 
carmine, light red, viridian, artificial ultramarine, 
raw umber, cappagh brown, and ivory black. By 
way of a contrast, the palette of the Hon. John 
Collier may be given. This is as follows : Flake 
white, raw sienna, yellow oohre, orange vermilion, 
Chinese vermilion, rose madder, burnt sienna, emerald 
oxide of chromium, cobalt blue, ivory blac^ and 
raw umber. Many artists’ primary consideration is 
obviously the permanent character of the pigments 
employed and the avoidance of those which will 
destroy one another. With house painters tiie cost 
is of much greater importance. The earth colours, 
such as siennas, ochres, and umbers, and the cheaper 
colours, such as Prussian blue, ultramarine (artificial), 
and the chromes are nsed freely with small quantities 
of vermilion, bla(‘k, and the finer colours. The 
house painter obtains a series of reds by using 
either vermilion or its equivalent, known as flsat red, 
mixed with either white ochre or Venetian red. His 
blues are mostly produced from ultramarine and 
Prussian blue, the former being discarded when the 
base i.s white lead, owing to the fact that it is 
adversely acted upon liecause of the sulphur it 
contain.^. In yellows he has a variety of different 
shades of chroine yellows, ranging from a very light 
“canary” to a deep orange, which is almost red. 
Cadmium yellow (^.r.), although expensive, is most 
useful, while zinc yellows are also used to some 
extent, owing to the fact that they are not affected 
by imijure air, as the chromes are. Drabs, fawns, 
and light browns generally are easily obtained from 
a mixture of French ochre or Italian sienna, mixed 
with white lead, a little Indian red, Venetian red 
or black being introduced where necessary to give 
variety. The brilliancy of a colour in house painting 
is frequently added to by the process knowm as 
Glazing (^^.v.), or giving a coat of transparent 
colour over a suitable ground, such, for instance, as 
sienna and lake on a less vivid but solid colour. See 
also Hue, Tint, 8hadb. A. S. J. 

ColouFB, Blended (Paint.) The harmonious effect 
produced by the gi-adual blending of one tone or 
colour with another. 

, Complementary. Two colours are com- 

I)lementary to each other if, when mixed, they make 
white. It is to be noted that this is true of Colours, 
but not of pigments. St^c Colours (^PigmevU). 

, Heraldic. See Heraldry. 

Colour, Shot (Textiles), A material wov<.n in 
variou.s colours in such a manner that when observed 
at different angles the colours api>ear to ohange. 

Colours of Thin Films (Light). Brilliant colours 
are given by any sufficiently thin transparent film, 
e,g. a film of oil floating on water. The colours are 
due to interference (g.v.) betw'cen light waves re- 
flected from the two surfaces of the film. The colours 
vxmlsh, however, if the thickness of the film become 
small compared to the wave length of the light falling 
upon it, and the film then appears black. 

Colours, Primary (Light), A primary colour is one 
which cannot be produced by the mixture of any 
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two. (or more) different colours. The colours usually 
accepted as the primanes are Bed, Green, and Blue ; 
but there are reasons for considering that Violet is 
primary, rather than Blue. The question of primary 
colours was first studied by artists, who decided that 
they were Bed, Yellow, and Blue, as it was impossible 
to produce pigments of either of these hues by the 
atlmurture of any two other pigments. But a pig- 
ment owes its hue to a combination of the processes 
of reflection and absorption, and experiment has 
«bown that green, and not yellow, is a true primary. 
aho CoLOtTBS (Pigments^. 

Ooloim, Prismatic. See Spbctbum and Hpeg- 
TBUM Analysis, etc. 

— f Seecmdary (Paifit.') Colours resulting from a 
mixture of two of the so-called primary colours (£.u.), 
or, more correctly, pigments of these colours. They 
are Orange, obtained from red and yellow ; Green, 
from blue and yellow ; Purple, from red and blue. 

f Tertiary (PahU.) Various grey colours 

produced by the mixture of two secondary colours 
(gf.u.), such as 

Ted- grey, blue- 

grey, yellow- ^ 

grey; or violet- 
grey, green-grey, \t 

orange-grey, ac- 
cording as the 
primaries or 

secondaries are in M I 

excesa * ® « 

Oolumbier. 


almost invariably fails by bending, not by enkshing, 
of the material, and the^fore the column should he 
designed to resist flexure; the MomBkt OV 
INBBTIA (^.r.) of its croBS seotton should be as large 
as it can conveniently be made. This is best effected 
by making the column hollow. A given weight of 
material then forms a much stiffef* support than it 
does if made into a solid column. 

Columnar Btruoture (Oeol.) A rock structure 
which takes the form or polygonal cedumns, often 
hexagonal in outline. It is clearly traceable to 
the effect of cooling, upon a rock which has been 
at a high temperature: and the longer axes of the 
prisms or columns usually extend at right angles to 
the surfaces of cooking. It is often developed to a 
remarkable extent in Wsalts ; but it is by no means 
of rare occurrence also in coal seaio^, in clays, or in 
sandstones, which have been exposed to heat. 

Colza Oil or Rape OIL (^olza oil is obtained from 
the seed of the Ihipe plant, Brasdea tuxpus (order, 
Criici/rrte)f by pressure. The residue forms OIL 
Cake, used for feeding cattle. The bil is largely 
=- ■ p used for lubricating and illuminating purposes, 
and in lesser quantities for. making soft sogps 
and blacking. When employed for lubricants 
^ it is usually thickened by blowing. Shse Blown 
Oil. It possesses a characteristic taste and 
smell, and when refined is pale yellow ; sp, gr. 0*912 
to 0-920 at 60® F. 

Comb iJec.') An Instrument with wire teeth 

used in Marbling it is also used in de- 

corators’ work. Seo Combing mid Gbaining. 


OiBwing paper 
about 34^x23 in. 
in size. 

Column (A rcA- 
itect») A vertical 
support of con- 
siderably greater 
length than thick- 
ness. In Greek, 
Roman, and Re- 
naissance work 
the column is one 
of the chief divi- 
sions of the order, 
and is again sub- 
divided into three 
parts, the base, 
shaft, and capital, 
except in the case 
of the Greek 
Doric order, in 
which the column 
bits no base. See 
ABCSfTEGTtrBE, 
Obdebs of: 
Do BIO, Tonic, 
Corinthian, 
Tuscan, Compo- 
siTB, Engaged 
Column, aftd 
CabledColumn. 

{JEng., 

etc*") A vertical 
support subjec- 
ted to compres- 
sion. An over- 
loaded column 



Column : Bohan Doric. 


Comb Bar {Lave Mamifac.) A very accurately 
8ha|)ed an<l finished bar of iron, in some cases faced 
with brass, iqion which the “comb leads** are 
scrcwetl side by sich^, thus forming a continuous series 
the width of tbe machine. 

Combed Yarns {(otUm Sjdnning). A good 
quality of spun yarn, usually Egyptian or Sea Island 
('otton, which has undergone the combing process in 
addition to Carding (^.r.) ^ 

ConiJber Board {Cotton Weweing), A length of 
wooti or a number of wood slips placed in a frame. 
They contain finely bored holes, through which are 
passed the harness thread or coupling of a Jacquard. 
Used for keeping threads and couplings in position 
and determining their set or closeness. Also termed 
Compass Board. 

{Silk Blips of wood framed to- 
gether to width of figured harness, and |)erf orated 
with luJes disposed in lines through which the 
couplings or lashes carrying the mails and lingoes in 
niounture arc led. From this point they are con- 
nected by necking cords with the Jacquard machine. 

Combination {Lnee Jdaowfae,) A term used in 
the manufacture of lace curtains, signifying that a 
more complex movement of the threads has been 
necessary than in the case of ordinary ourtaius. 

Combination Tones {SownS). Tones or notes 
sometimes heard wheif two notes which produce 
beats are sounded together. Their frequencies are 
either the sum or the difference of fr^uencies of 
the two separate tones which are being sounded. In 
the first case the tone is termed a SUMMATION Tone, 
in the second a DpFEBENOE Tone. In certain 
circumstances, additional combination tones, t^med 
Beat Tones, may also be detected. 
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OomlMiMid lUpboa (Met) Carbon chemically 
combined with iron occurs in cast iron and steel, 
some form of binary compound— a Cabbibb (^.o.) 
—probably being fonned. See alto Ibon. 

Ooiillll]i( (Cattm Spirndn^X Combing is a very 
important and necessary process where fine yams of 
good quality arexequlred to be spun. The object is 
to eliminate all* fibres under a certain length, so tliat 
those remaining may be uniform an<l placed pai|i|»llel, 
thus producing a regular and clean sliver. The most 
sncoessfnl is the Heilmann cximber. Others in use 
are Hiihnor*s, Imb*s, Staub & Montford’s, Belette's, 
OegaufE, Nasmith’a 

— — {Dee.) Graining done with a comb, a flat 
flexible metal plate divided up into parallel tongues. 
See aUo Gbaiking. 

— — ( Wooll&ii Maaufac . ) The process of straighten- 
ing fibres of materials, e.g. wool, mohair, alpaca, and 
cotton, in which the short and nappy fibre is re- 
moved. The straightened material forms the Top, 
and the extracted fibres the Xoil. 

CombiningT Weights m* Combining Ppoportions 
The proportions in which elements or com- 
pounds enter into reaction with eaoh other. These 
proportions are either the same as the atomic or 
molecular weights or some simple multiple or sub- 
multiple of these. 

C(>m\M{Dac^' 3famifao.) In a lacc machine, thin 
strips of iron, brass, or steel, segmental in shape, 
forming grooves on which the carriages work. 

Gombuition (Cltf'm.') The cli^mical union of sub- 
stances when this ** union ” is accompanied by the 
evolution of light and heat. 

CombuBtion Chamber (Eng.) (1) The part of a 
funun-e or boiler flue where the major part of the 
gaseous products are burnt. (2) The part of a gas 
(or oil) engine in which the explosion of the charge 
occurs. 

Combustion, SpontaneouB. See 8po.\tan£ous 

COMBUiSTIO.V. 

Come Prlma (Music), ^s at the beginning. 

Comets {Astror ^M^odies consisting of or analogous 
to swarms of Mbtbobites (tj-v.) which describe a 
parabolic or elliptic orbit round the sun. Cbmets 
moving in space outside the solar system have no 
luminosity ; but this is developed as they approach 
the sun, and the mass gradually becomes differentiated 
into a dense bright part, the Nucleus, and a stream- 
ing Tail pointing away from the sun. The spectrum 
of a comet shows that its luminosity is not entirely 
due to reflected light ; the increasing luminosity as 
it approaches the sun is due to increased activi . 
resulting in increased tempe^rature, and is a(CO - 
panied by modifications in its spectrum. 

(Mer,) A star of six points with a fiery tail. 

Comma (Sound). The difference between a 
Majob Tone (the interval |) and a Minor Tone (the 
interval V) * ^bat is, the interval 

— (i^pog.) A punctuation mark : thus , 

Commordal Ubob of the MicroBcope. See 
Migbosoope, Commercial Uses of. 

Common Coloura (Deo.^ In painters' work, 
common colours are defined os wlrite, black, red, 
umber, ochre, etc. No “ art shades " or colours other 
tlian simple ones in onlinary use are included. 

Common JoiBti (Oarp., Build.) The ordinary 
Joists to which the fioor boards are nailed ; 

they rest on the Wall Plates (q.v.) or on other 
joists termed Bindsbs. See alto Floors. 


Common Salt (l^Ttem.) See BemvH Cblobxok, 
under SoDlUM CoUPOtTNUa 

Common Time (Mutie). That rhythm vrhiefl^ has 
the accents occurring alternately. Originally lOjam:^ 
by a semicircle thus, C » to distinguish it from TbiPlE 
Time It is now printed thus, 

Communicable Disease. Infectious DiSBiuBfi* 

Commutator (Meet. JSng.) The device by which 
an alternating current produced in the rotating colls 
of the armature of a dynamo is converted into a uni- 
directional or continuous current in the rest of the 
cinmit. lu the simplest possible case, where the 
armature carries one coil only, the commutator con- 
sists of two segments, forming the two parts of a 
•Split King. Tlte segments are insulated from direct 
contact with each other, but each is connected to on 
end of the coil. In actual practice the armature* 
always contains a number of coils, and these are con- 
nected to the corresponding segments or Babh of the 
commutator. The bars are strips of copper or 
phosphor bronze, arranged round the surface of a 
drum or cylinder fixed on the shaft of the armature, 
and insulated by means of mica, vulcanised fibre, 
etc. See alto Dynamo. 

Comodq {Mutie). Conveniently, moderately. 

Companionship (Tyj^og.) A number of com^ 
positors working under the management of a ClioBUB 
(q.v.) 

Comparatop ( Phyt.) An instrument for comparing 
a given scale of lengths with a Standard Scale. It 
consists essentially of two Beading Micboscopbb 
(q.v.) fixed accurately at a given distance apart, this 
distance being kept absolutely constant di^ng the 
observatioiisJ, 

Compass. An instrument used for describing 
circles ami for taking measurements. See BeaStI, 
Bow, Hair, Triangxtlar, Peopobtional Com- 
passes ; tee alto Callipers a7id Elliptic Teammeu 

(MuMc). Tlie range of sounds that can be 

prwluced by a voice or instrument ; it is measured 
by the iiitcjwal between the highest and lowest 
notes. 

Compass Board (Cotton Weaving). See Comber 
Board. 

Compass, Magnetic (Elect.) A ma^etic needle 

(q.v.) mounted on a fine pointed pivot in a suitable 
cii^e : a card, graduated into degrees and having the 
ciirdinal points (q.v.) marked upon it, is fixed to the 
case underneath the needle. In the Floating Card 
Compass the card is attached to the needle, so tl at 
the diameter joining the points marked N. and S. 
makes an angle with the needle equal to the magnetic 
declination (q.v.) The card and needle are so 
mounted as to turn together; then, when the needle 
comes to rest in the magnetic meridian, the above- 
mentioned diameter will lie in the true geographical 
meridian. The floating card compass is very con- 
venient for use in an area over which the magnetic 
declination (q.v.) is constant. 

Compass Saw (Carp.) A narrow straight saw for 
cutting iMjrves. 

Compensated Pendolnm (Phyt.) A pendulum 
provided with some means of maintaining a contitant 
length during changes of temperature, i.e. of counter- 
acting the expansion or contraction of the rod. See 
Pendulums (Harrison's and Grahak’s)- 
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Oompeniatiiig Collan (JEng^) Bings or collars, on 
a shaft, that can be adjusted so as to take up ** wear/* 
They are used especially in those machines in which 
there is a longi- 
tudinal thrust on ' 
the shaft, e.g, in 
a drilling ma- 
chine. 

Compensatiiig 
0ear {Motor 
Car$), DIFFE&- 
ENTIAL GEAH 
te.r.) 

Compenta- 
tion salanoe 

( Watchea, ate.) 

A balance de- 
signed to correct 
the errors in 
time due to vari- 
ations in the- 
temperature. 

Complement. 

The difference 
between an angle 
and 90° a 
right angle) is 
termed the Com- 
plement of the 
angle. 

Complemen- 
tary Bows 

( Mfteorol.) Sue . 

Rainbows, £ 

Complemen- CoMroanF. Obueu {ArckiU'ct.) 

tary Colours.* 

See Coi.ouB.s, Complementaki'. 

Complete Combustion A process in 

which all the carbon ar.ii other oxidL^able constituents 
of a fuel arc fully oxidised ; that is, burnt up or com- 
bined with the maximum amount of oxygen, 

Compo {Build.) Mortar made of cement and 
sand : the term is, of course, a builder’s abbreviation 
of Composition. 

Component. (1) A .single separate part of a 
machine or structure. (2) In theoretical mechanics 
the components of a force are the various separate 
forces which, acting together, would produce the 
same result as the given force. A force may be split 
up into any number of components. 

Components {Cyde). Tarts of a cycle such as 
the brackets, hubs, cranks, and pedals which are sold 
machincKl and finished ready for building up the 
frame and wheels ; they are the parts which a small 
maker cannot profitably make for himself, owing to 
the lack of elaborate machinery. 





Composing Machine A mechanical oon- 

trivanoe for setting up type. Ine Linotype ($.v.) is 
one of the best known examples. 

Composing Kule {Typog.) A brass Bima {g.ie.') 
laid in a comix>sing stick, and against which the type 
is set ; it facilitates the process end is shifted as 
each line of type is completed. Known also as a 
Setting Rule. 

Composing Stick (Typog.) An implement in 
which th^ compositor sets type. It has an adjustable 
part which allows the line of type to be set to the 
length required. 

Composite Ordej (Architect.) A Roman modifica- 
tion of the Corinthian order, consisting of a combina- 
tion of the Ionic and Corinthian capitals, the other 
features of the Corinthian order being little changed. 
S(>c Abchitecture. Orders op : Corinthian and 
Ionic. 

Composite Truss {Build.) A Tbuss (^.r.) 
composed of wood and iron or wood and steel. See 
aUu Roofs. 

Composition {Fine Arts). The combination of«the 
.several prirts of a subject in such manner that each 
part is in harmony with and subordinate to the 
whole, the snV)ject being .so presented as to be both 
easily understood an«l agreeable. 

Composition of Forces (Nt clmmcs). The process 
of finding wJiat single force (or Resultant) would, 
if acting alone, produce the same effect as a given 
number of separate forces (the COMPONENTS). See 
rtho Graphic sStatics. 

Composition Pedals (Music). A mcclianical con- 
trivan(‘e for olianging the STOPS {q*v.) on organs. 

Compositor (Typog.) One who sets or composes 
type. 

Compound (Chcvi.) A sub.'^tanre composed of two 
or more elements, chemically united; i.e. so milted 
as to produce a new subtflanc c, w hose chemical and 
physical properties differ iroSj^iiose of its con- 
st ituents. 

Compound Engine (Fng.) A steam engine in 
w'hic-h steam is partly expanded in one cylinder and 
then allowefl to enter a second (or low jireasure 
cylinder), in which it is further expanded. A third 
or even f‘>urth cylinder may be added, the engine 
being then termed a Triple or Quadruple Ex- 
pansion Engine. 

Compound Harness ( Cotton Weavi'ng). A method 
of mounting or tying nji Harnesses (g.v.) on a 
Jacquard, by which economy is anticipated either in 
labour, dt‘signing of patterns, or cost of pattern 
cards. There are sevenil forms, the following being 
the cliief : (1) Bannister; (2) Damask; (3) Double 
cloth or split; (4) Quilting; (fi) Tapestry. 


Compony or Oobony (Her.) A border or other 
ortlinary divided into alternate tincturos. 

.Compo Pipe* Small gaspiping, composed of an 
alloy instead of pure lead. 

Compose (Typog.) To set up type for printing. 

Composing Frame {Typog.) A frame standing 
about breast high, on top of which the type cases in 
use rest at different angles, The lower part of the 
frame contains racks for liolding cases not in use. 


Compounding {Eng.\ The addition of a low 
pressure cylinder to an engine which previously 
possessed a high pressure cylinder only. By this 
means an additional afiioiint of useful work may be 
obtained which was previously wasted when the 
steam was allowed to escape at a high pressure. 

Compound Levero {Eng.^ etc.) A system or train 
of levers in which the short arm of one lever acts on 
the long arm of the next. It is used in large weighing 
machines and in some testing machines. 
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Oompoiuid MloroBCOpe {Light). A combination 
of lenses In which a real and magnified image of an 
object is formed bf one lens (or set of lenses) of short 
focal length, called the Objective ; this real image 
is viewed by a second lens (or set of lenses) called 
the Kye Piece, which forms a magnified virtnal 
image of the iirsf image. By this means very high 
magnification i» obtained. 

Gomponnd Ofls etc.) A mixture of several 

oils, which is sometimes used for lubricating. Thus 
a mineral oil is added to an animal or vegetable oil 
in order to prevent the latter from becoming too 
viscous, or in order to prevent decomposition. 

Contpoond Pendulum {Phys.) ^8ee Tendulum. 

Compound Kadical ( Chem.) A group of elements 
entering into and being expelled from chemical 
combination like a single element. Thus the groups 
(ON), (CH,), ,(OH) are compound radicals; they 
form chlorides, hydroxides, etc., like an element. 

Compound Table (JEng.) A Table (y.?».) of a 
machine toolTo which motion in two directions can 
bo given : a third motion, one of rotation, is some- 
tiityis provided for. 

Compound Time {Music), See Time. 

Compound Train {Png.) A series or set of 
toothed wheels used on screw-cutting Lathes in which 
there are two or more wheels connecting those on the 
mandrel and the lending screw of the lathe. 

Compound Winding {J^rct. IMg.) See Dykamos. 

Compressed Air {Eng) Used for driving 
mntduJKuy, for ventilating, or for excluding water in 
mines, tunnels, and submarine workings. The air fs 
compressed by large pun}p8, driven by power, in a 
central engine bouse, and is led through pipes to 
the machines. In mining operations the exhaust 
air, after leaving the machines, helps to ventilate the 
workings. 

Compressed Gases. Various gases can now be 
oVit .'lined eoinprctisexl into steel cylinders under very 
high pressure, wiiich may be as much as 18cK) lb. per 
square inch or even more. Large quantities of oxygen 
and livdrogen are sent out in this way for use with 
the oxyhydrogen liglit and for other scientific and 
commercial purposes. Chlorine (used in gold extrac- 
tion), carbon dioxide, ammonia, sulphur dioxide, etc., 
can also be obtained in this form. 

Compressed Steel {J^nj.) Ingots of steel which 
have been allowed to solidify under pres.sure. By 
this means the steel becomes homogeneous, and its 
strength is very greatly increased. 

Compressibility of Oases {Pf/ys.) Gases can be 
compressed to an enormous (though not unlimited) 
extent. The relation between the ijrcssure and 
volume is in accordance wnth Boyle's Law ig.r.) .so 
long as the pressure is not too great. Stje also 
Elasticity. 

Compressibility of Liquids {Phijs.) Thi.s is very 
slight, and can only be detected at all by vciy careful 
experiments. For practical purposes (in engineering, 
etc.) it can always be neglected entirely. 

Compressibility of Solids {Pltys.) This varies 
greatly : it is very small, and therefore may be 
neglected in the case of metals and many elementary 
suMances, but with substances of complex constitu-, 
tion or of organic origin (such as wood, cork, rubber, 
etc.), it may become very considerable. See also 
Elasticity. 


Comprossioii {Phys,, JBSng., ete.) (1) The reduction 
of the length or other dimensions of a body by the 
application of external force. (2) The CusHlONma 
or shutting in of a small amount of steam in a 
cylinder just before the return stroke after the 
exhaust port is closed. (3) The reduction in volume 
of the charge in a gas engine by the back stroke of 
the piston before the ignition or firing of the charge. 
This compression of the charge greatly increases the 
efficiency of a gas engine, as can readily be found by 
experiments. In moclem en^nes the charge is often 
compreased till its pressure is over 80 lb. per square 
inch. 

Compression En^es {Png.) Gas engines in 

which the charge is subject to compression {g.v.) 
This is now adopted in practically all gas engines. 

Compression Line {Png.) See Indicator 

Diaobam. 

Con Amore {Music). With love, lovingly. 

Con Anima {Music). With soul. 

Con Brio {Mnnc). With brilliancy. 

Concave Lens {TAght). A lens thinner in the 
centre tiuui at the edges. One face must be concave, 
the other may be plane, concave, or convex ; if the 
latter form is used, its centre of curvature must be 
more dista'ht from the lens than that of the concave 
surface. The focal length of a concavo lens is a 
positive quantity. 

Concave Mirror {Light). A reflecting surface 
which is usually a part of a hollow sphere. I’his 
does not bring a parallel beam to a true focus. {See 
Hphebical Abbbbation.) A Tababolic Mibrob 
{q.r.), which has a true geometrical focus, resembles 
a spherical miiTor very closely as far as appearance 
goes; but its cross section is a parabola instead 
of a circular arc, thus making it «omewhat flatter 
towards the circumference than a spherical mirror. 

Concentric Chuck (Png.) A Self Centebing 
Chuck (y.r. j 

Concertina. See Musical Instruments, Wind 
(Keyed). 

Concord {Musiv\ A chord requiring neither pre- 
paration nor resolution. 

Concordant Intervals {Music). Are the perfect 
eighth, fifth, and fourth, and the major and minor 
third anti sixth ; also called Consonances. 

Concordant Tones (Sound). Two notes or tones 
which, when sounded together, produce no sensation 
of roughness or discord due to beats. Tins is not 
the same thing as the absence of beats; they may 
be present, but not sufficiently prominent to be 
detected by the ear. 

Concrete {Jivild.) A mixture of lime or cement 
mortar with some coar.se material, such as* broken 
bricks, stones, slag, coke, etc. It is nnicb used for 
f.>und:ition.*!, heavy masonry, paving and in many 
kinds of building and civil engineering woi k. 

Concretionary Structures {tL ol.) 1'hese are due 
in all cases to chemical action ; but the precise con- 
dition under which these forces act is at present very 
imperfectly understood. Solutions of various sub- 
stances that happen to be present in a rock tend to 
concentrate around some nucleus, which is not un- 
commonly of organic origin, and the process of 
aggregation often goes on until the whole of the 
substan(a% which happens to be within migrating 
distance of the nucleus has drained from the 
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miTToiinding rock and baa collected around that 
point. Flints, nodules *of chert, and clay ironstone 
are familiar examples of concretions. 

CondeiiBatimi {(Mew,) The union of two or more 
molecules, which may be the same or different, to 
form a new molecule, the occurrence generally, but 
not always, being accompanied by the splitting off 
of water, 'alcohol, etc. Substances which induce this 
kind of change are called Condensing Agents. 
Example of condensation : 

CH,. CHO + CH,CHO - CH.CHOH . CHj,CHO 
Aldekyde. Aldol. 

= CH 3 CIT : Vli . CHO + H,0 
Crrrtun aliit^liyde. 

Examples of condensing agents are zinc chloride, 
hydrochloric and sulphuric acids, aluminium 
chloride. 

(Phys.) The reduction of a gjas or vay)Our to 

Its liquid form by cold or pressure (jr both com- 
bined. See also Liquefaction of Gases. 

Oondeimed Thread {Textile Mauvfae,) See 
Blivee. 

Condenser {Lights, A Microscope ('ondenssr 
is a lens used to* produce powerful illumination of 
the slide or other object which is being viewt^d. A 
Lantern Condenser, (jn the other hand, is not 
required in order to increase the intensity of illu- 
mination of the slide, but to cause the rays to 
converge after passing through the latter, eo that 
they may also pass through the remaining lenses, 
which focus tlie picture on the screen. 

{Phys,t JUng., etc,) Any arrangement for 

condensing gases pr vapours. In a steam engine 
the arriingemcnt for condensing the steam by bring- 
ing it into contact with either cold water or a oold 
surface. The former arrangement, which was the 
one first used, constitutes an Injection tor Jet 
Condenser ; the latter, which is generally used in 
steamships, is known as a Surface Condenser 

— (Cottan Spmniag). A machine used in 
the spinning of coaise wa.ste yarns, attached to a 
carder for the purpose of splitting up the web from 
the doffer into strip>. and at the same time rolling 
it into a ronml stmnd preparatory to the spinning 
process. The yarns are called Condenser Yarns. 
See Carding. 

{Gas ManufacJ) GAS Manufacture, 

( Woollen Manufac.') The delivering section 
of a set of carding engines that di\ide the endle.ss 
^ece of dbres into soft fiuffy threads. See Carding. 

Electrical. Any two conducting surfaces 
separate<J by a Dielectric (g.r.) A sheet of 
glass coated on both sides with tinfoil, or a pile of 
alternate sheets of tinfoil and mica, are common 
forms. Condensers arc use<l as standard^ of elec- 
.trical capacity in various quantitative experiments, 
and are ^so used in Induction Coils, Tesla Coils, etc. 
fy.r.) 

Ooadienter Tubes (A^y.) Tubes used in Surface 
Condensers {g.v.) ; they are usually brass, f in. and 
upwards in diameter. 

Ooudenaint A|[ents (6V^m.) See Condensation 
{Ghe'ffi, ) 

IhniditiCiiliig {Cotton Sjrimiing), When yarn is 
taken from the spindles it usually contains about 3 per 
OeUt. less than its natural moisture. It is therefore 
CoKPi^OKED by keeping a* few days in a damp 
place, as to regain the loss. 


Condaetaace {JSket,) The inverse of resietahoe: 
if the resistance of any conductor be r, then its 

conductance is - . 

r 

Conduction of Electrioity. The passage of elec- 
tricity through the material or ovei^the suiifiace of a 
body. The nature of the process is well understood 
in the case of liquids and gases {see COKDUOTIVXTY 
OF Liquids), and there are reasons for sup- 
posing that the process of conduction in eoli^ 
may he of a similar nature, i.e, it may be due to the 
action of Ions {q.v.) The conductivity of metals 
is much greater than that of electrolytes, but ** there 
does not seem to be sufficient difference between the 
Imcs of condiictioft through metals and electrolytes 
to make it necessary to seek an entirriy different 
explanation for metallic conduction.** — J. J. THOMSON. 

Conduction of Heat. The passage of heat through 
matt(n', without visible motion of the pariiclcs. 
Tiiese particles are probably set in vibration, but 
do not move permanently from their original posi- 
tions or acquire a motion of translation, as in 
Convection (y.r.) 

Conductivity for Heat« Coefficient of. the 

amount «>f heat which tiows in unit time through 
unit area of a layer of subatanee of unit thickness 
when unit difference of te.inperatnr© is maintained 
between the two si<les. If k be this (ioefficicnt for 
any substance in the form of a plate, of area A and 
thickness d, and if ti and t^ the temperature at 
which the opposite sides of the plate are maintained, 
then the quantity of heat Q which flows through the 
plate in T seconds is given by the equation 


Conductivity of Liquids (Phys.) As a rule the 

electri<;al conductivity of liquids depends upon 
charges of electricily being carried through the 
liquiii by tlie formation of lONS (q r.) in the liquid. 
These are atoms, or groups of atoms, into which 
substances in solution or liqindiu'e Irroken up by 
the action of the electricity, ‘'water, if pure, con- 
ducts little, if at all; but the addition of any 
substance wliicli can ce split up into ions, such as 
a mineral, acid, or salt, renders it a go<.)d conductor. 
This process is thus analogous to CONVECTION {q.v.) 

Condy’s Fluid {Chrm.) A liquid prepared by 
adding potassium permanganate to aluminium 
sulphate solution. It is a good disinfectant. 

Cone {Math.) A geometrical solid produced by 
the rotation of a triangle about one side. 

{Eng.) A stepped driving pulley {q.v*) 

{Met,) The cap or cover of a blast furnace 

{q.v.) 

Cone Bearing {Eng.) A bearing in which a solid 
cone on the shaft or spindle runs in a bearing formed 
by a hollow cone of hard steel or braes ; oommonly 
used in lathes as a bearing for the mandrel. 

Cone Clutoh {Eng,) A friction dutch in which 
the respective parts of the shaft carry a hollow knd 
a solid cone, one fitting into the other. These are 
caused to turn together by the friction between the 
.surfaces when they are brought into close contact. 
A cone clutch can be thrown in or oniof gear without 
any sudden shock to the zneohanlsm wit&wh^ j|t |g 
connected. 
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Chm BiittEglft (MpHe). With energy. 

Ooae Plate A vertical plate fixed on the 

lathe bed to eupport the end of cylindrical work, the 
free end of which revolves in a tapering hole in 
the plate, thus dispensing with the nse of the back 
centre, and allowing boring tools or drills to be 
inserted through the hole in the plate, in order to 
act on the woric as it rotates. 

Con Siq^rewicne (MuMc), With expression. 

Ccnfomable Sucoeasion Successive beds 

of rook which have been formed over the same spot 
one after the other (without an; important interrup- 
tion or hiatus, representing strata wliich have been 
deposited in the meantime elsewhere) are said to be 
in conformable saccessibn. If an older set of rocks 
has undeigone disturbance, so as to be tilted from its 
original position, then partly denuded, and another set 
of rocks deposited across their edges, the succession 
is said to be Ukconfobmable. The relationship 
implies lapse 6f time. 


Coitiae, Coniine (Chem,) 

CH, 

H/) OH . CH, . OH, . CH,. 

NH 

An alkaloid : the poisonous principle of HmciiOOK. A 
oolonrlesB liquid ; faint mousy odour, alkaline, dextro**' 
rotatory, sparingly soluble in water (1 in* 90). It is 
a powerful poison, affecting the motor nerves so that 
the limbs become paralysed. It is obtained by 
treating the juice from hemlock seeds with alkal^ 
distilling in steam, and purifying the crude distillate. 
It has been prepared synthetically, and its constitu- 
tion is prov^ by heating it with hydriodic acid, when 
it yields ammonia and normal octane. 

Coning Forming the rims of railway 

wheels in the shape of part of a cone. This taper or 
conical form facilitates the taming of curves on the 
line. 


Con Forza iMtisic). With force. 

Con Fnoco {Musir). With fire : passion. 

Conge {AreJntert) See APOPHi'GE. 

Conger Eel. Conger vulga/rU (family, M'wrasnida:'). 
The conger is closely allied to the true eel, and its 
flesh is much used for making soups. 

Conglomerate (Oeol.) An indurated rock formed 
of rounded and sub-angular fragments of derivative 
origin, worn by the action of water and afterwards 
c<»mpacted by some cementing material. When the 
fragments are angular, the rock is di.stinguished as 
a Bbegoia, Agglomerate is ulw'ays of volcanic 
origin. 


Congo Red 


( 1 ) 




(4» 

(4) 


( 2 » 
. ( 2 ^ 


OH H (0 


A reddish-brown powder. The salt is soluble in water, 
but the free acid is only soluble wdrh difficulty, and 
is blue in colour. It is obtained by union of tetrazo- 
diphenyl — from benzidine {q,v,) — with a-naplitb ionic 
acid. It dyes W(X)1 or cotton red, but the colour is 
changed to bluish shades by acids. It is important 
as an Iepicatob Alkalis turn it a brilliant 

scarlet, while acids turn it blue ; an alcohol solution 
must be used. It i.s also used as a stain in Bacteriology. 
See aiso Dyeb and Dyeing. 


Con OpBzia With grace. 

Conleal. In the form of a Cone (^.r.) 

Co^oal Spring QJSng,) A spring produced by 
winding a strip of metal on the surface of a cone : 
often used in buffers, etc. 

Conieal Turning (£ng.') The production of taper 
work, usually effected by setting the loose headstock 
or poppet of a lathe out of the line of centres, and 
theh taking a cut parallel to the bed with the slide 
rest. As the point of the tdol moves parallel to the 
axis of the lathe bed, the surface of the work will 
be turned in the form of a cone. In other cases, 
when a short oone of large vertical angle is require^ 
the ttpper^art of the slide rest js set at an angle 


Conjugate Condnotors Two conductors 

are said to be conjugate if they are connected (by 
other conductors) in such a manner that an electro- 
motive force in one of them does not produce any 
current ih the other. See also Wheatstonb*S 
Bbidoe. 

Conjugate Foci {Light), Two points such that 
light diverging from one of them and falling on a 
lens or mirror, either oonmrges to the second (which 
is then termed a Beal Image of the first) or else 
appears to diverge from the second (which is called a 
Virtual Image of the first point). 

Conjunction {Astron , ) The position of a planetary 
body when its elongation iq,v.) is zero, i,e, when its 
longitude equals that of the sun ; e,g, the moon is in 
COD junction with the sun at New Moon. 

Con Moto {Music), With motion. 

Connecting Rod (Mig.) A rod which transmits 
the motion of the piston r<>d to the crank pin of an 
engine. Sf'c Steam Engine, etc. 

Connective Tissue {Zoology). The term applied 
to a thill membranous tissue, coa^isting of irregular 
cells and fibres in a soft gelatinoas matrix. This 
tissue covers and supports all the organs of the 
body. 

Conneotor {Oasfitting). A socket on a pipe with 
a long thread and a back-nut; it serves to make a 
joint or connection between two pieces of barrel or 
X>iping, either of the same or of different diameters. 

Connemara Marble, See Building Htones. 

Connoisseur. A good of some branch of the 
fine arts : one having a critical knowledge of works 
of art . 

Consecutives (^Mitsie), Intervals occurring between 
the .same parts or voices. 

Consequent Poles {Elect. Eng,) Consequent poles 
may be regarded as poles [q-v.) produced by the 
junction of two or more similar poles; they. are 
frequently employed in the magnetic circuit (^.e.) of 
dynamos. The magnetising coils are in pairs, one 
coil being on either side of each pole piece, and the 
magnetising forces of these two coils act in opposite 
directions. The effect is analogous to that pi^ucod 
by two cells in parallel {q.v.) ; the lines of force cor- 
respond to the eleotric current, and that part of the 
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laagnetio circuit which consists of the armature and 
the two pole pieces corresponds to the external 
circuit in the case of the two cells, iiee alao 
Tynahos. 


Oonsenratioii of Ener^ (jP%s.) Energy may be 
communicated from one oody to another, or it may 
be changed from one form to another, but it can 
neither be created nor destroyed. 



Console* Abible 
supported by two 
legs placed in front, 
the back being 
fastened to the 
wall. 

{Molutect.) 

An ornamental 
bracket or corbel. 

8w Modillions. 
etc. 

Consolidation of 

F^agm* ntary"or ) 

clastic rocks are in some cases compacted into hard 
masses by the mere pressure of thick piles of other 
rocks which hate been dcj:x)sitcd over them. But 
more generally their consolidation is due to the infil- 
tration of waters holding in solution various mineral 
substances which have been eventually deposited as a 
cement between the particles. Lime, iron, silica arc 
common substances deposited in this way. 

Consonance {Music). Sec Oo^'coBD. 

(Sound). The effect of Concobdant Tonbs 

(f/.r.) 

Con Spirito (Mf^ie), With spirit. 

Constant (.£W., Physics, etc.) A coefficient, used 
in various formula^ which dcpcnids on the dimensions, 
form, or nature of the substance or the material to 
which the formula refers. A constant may cither be 
capable of being calculated or be a quantity which 
can only be found by experiment. 


Constant Current {Elect. Eny.) (1) A current 
whose amount or value is allowed to vary as little 
as possible. (2) A CoNTTNyous Oubbent, as dis- 
tinguished from an alternating current, is often 
(though not very correctly) termed a constant 
current. 


Constant Yoltage {Elect. Eng.) An electrical 
pressure or voltage kept at a uniform value, as, for 
example, when it is required to supply a number of 
lamps in parallel, so that the actuU current in each 
lamp does not vary, even though the number of lamps 
is altered. The ordinary bouse supply of electricity 
is always on the constant voltage system. 

Constitution {Chem?) The arrangement of the 
atoms of the elements to form a molecule of a com- 
pound. Thus, carbon monoxide has the formula CO, 
as is proved by analysis and the agreement of this 
formula with the observed vapour density ; it unites 
with it< own volume of chlorine in sunlight, and so 
the most probable Constitution of the product 

(carbon being tetra valent) is O « c When this 

gas is treated with ammonia wc get hydrochloric acid 
and urea. Hence we infer the constitution of urea 

ia O - C 

Caastitutional Formulas (6%m.) ^^^<9 Chemical 

Formula. 


Contact JDlirerenoe ^ Potential {Elect,) When 
two metals are placed in contact, there is a small 
potential difference {q,v.) between them, which is 
independent of the extent of surface in contact, but 
depends on the physical and chemical nature of the 
metals. Contact differences of potential also occur 
between other substances ; the most important cases 
in practice are those of the metals and carbon in 
contact with various acids. 

Contact Metamorphism {Geol.) A term applied 
to the changes which are brought about in rocks by 
tbe chemical action of the heated waters which are 
present where erui>tive rocks are in process of forma- 
tion. Solution of certain constituents, recombination, 
and incipient crystallisation result from these causes ; 
and the process may be continued in some cases so 
far that more or less complete metamorphosis of tbe 
rocks affected may result. The nature of the new 
minerals dcvclopcfl by the change is largely dependent 
upon tliat of tbe original substances acted upon. 

Contact Printing {Photo.) The itsual printing 
processes in photography in which the sensitised 
surfac'e is placed in contact with the negative to be 
copied during the exposure to light. 

Contact Yein {Mining). A vein which occurs 
between two different kinds of country rock {q.v.) 

Contagion {Hygiene). When disease is communi- 
cated from (me person to another by actual contact, 
the term Contagion is used. It is employed in a 
sense distinct from Infection. By this latter term 
is meant the transmission of disease through the 
medium of air, food, water, etc. Some diseases are 
both contagious and infectious. 

Contemporaneous Erosion {(reel.) Where sedi- 
meniury rocks are in process of formation on the land 
or in shallow water, it frequently happens that a 
portion which has only lately been dcposited|^jnay 
locally undergo removal. Sandbanks in deltas, or 
near the mouth of rivers, are j)articularly liable to 
such accidents, wliich may happen again and again 
on the same si)ot, even withij\«in^hori space of time. 
Hence the phenomenon does not necessarily afford 
any indication of a lax)6e of time, as does that of 
Unconfobmity {q.v.) 

Con Tenerezza k^MusIc). With tenderness. 

Continuous Alternating Transformer {Elect, 
Eng.) A combination of a motor and a dynamo, 
often with the armatures on the same shaft, or even 
with a single armature for turning a continuous into 
an alternating current, or vice versa. 

Continuous Beam {Eng.) A beam which rests 
upon more than two supports. The stresses, deflec- 
tion, etc., are imlculated by means of the theorem of 
Tubes Moments {q.v.) 

Continuous Brake {Eng.) A brake which is ap- 
plied to a number of wheels simultaneously, and is 
controlled from one point. 

Contortion of Strata {GcoL) Piles of strata 
which liave been deix>sited in horizontal positions 
may be carried downward by subsidence of tbe easth’s 
crust, and thus bo subjected to lateral (as well as 
vertical) compression. A continuance of the process 
bends the strata into folds, which may eventually be 
so closely pressed together that crumpling and con- 
tortion may result. Fine examples may met with 
in almost any region where the strata have undergono 
much disturbance. 
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CimtOiiP (Art), (1) The outijdue of a figure : the 
ezpresaion is generally used when speaking of 
rounded or sinuous bodies. (2) The line dividing 
the difiEerent coloured parts of a design. 

Cantoanid iFfer.') Beversed on the field, as when 
a beast is represented with its face towards the 
sinister side. 

Oontonn (Surveying), Lines joining all points 
at the same given height above an assumed level, 
called the Datum Line or Datum Level. 

Contraction. The diminution in length, area, or 
volume of a body, however protluced. 

Contraction of Area (JSng,) This applies specially 
to tlie diminution of tlie cross seefton of a bar at the 
point where it contracts in a testing machine. The 
greater the amount of the contraction the better the 
material, as a general rule. 

Contraotion Rule (Pattern-Making). A pattern- 
maker's measuring rule, on which all dimensions are 
increased in proportion to the amount of contraction 
which a casting will undergo in cooling : *1 in. 
per foot in iron, and *15 in. in brass, is usually 
prd'ided for. 

Contralto {Music). The lowest of the voices of 
women. 

Convection Currents (Ileat). Sec Convection 
OF Heat* 

Convection of Heat. The passage of heat through 
liquids and gases by t)jo actual motion of streams of 
heated particles, which, being lighter than the sur- 
rounding fluid, tend to rise as “ Convection Currents.'’ 
('onvectiori usually plays a more important part tha^ 
conduction in tlie spread of heat through a lJuid ; 
water, for example, is so bad a conductor that if a 
comparatively short column bo heated at the top, the 
upper layers can be made to boil, while the lowest 
layefB are kept almo.st at freezing point. 

Converter (Metallurgy). See Bessemeb Oon- 
VERTEE and Steel. 

Converters ( g . ) Tran sfobmebs (^.r.) 

Converting {Metallurgy). The manufacture of 
steel from wrought iron by the cementation process, 
but al>o applied to the Bessemer process {q.v.) See 
also »Stebl. 

Convex Lens {Light). A lens thickest in the 
centre. One face must be convex, the other may be 
plane, convex , or concave. A convex lens gives a 
real image of an object which is farther ofi tlian its 
First Principal Focus, and a virtual image of an object 
which is nearer. 

Convex Mirror {Phy».) A reflecting surface, 
convex in form, and usually forming part of the 
surface of a sphere. The focal length is negative. 

Cooking {Hygiene). The object of cooking is to 
render food more digestible and palatable. It also 
destroys any bacteria or parasites which may be 
present in the food. The ordinary methods of cook- 
ing are boiling, broiling, stewing, roasting, baking, 
and frying. All cooking ntensils should be kept 
scrupulously clean. - ' 

Cooling {Eng.) The cooling of cast or forged 
metal work should in general bo gradual, as this 
prevents the settingup of internal stresses and greatly 
increases the strength of the object. 

Cooling OaB Engines. See Petrol Engines aiid 
Gas Engines. 


Cooling, Newton’s Law of {Heaf), The rate at 
which a body cools is proportional to the di^terei^e 
in temperature between it and the medium in which 
it is placed. This law is only true when the diNer- 
ences of temperature are not very large. 

Cooper’s Yentilaior {Hygiene). The purpose of 
this is to act as an outlet for the vitiated air. It is*^ 
constructed on the ** hit and miss ” principle, and con- 
sists of several small pieces of glass fitted over similar 
sized openings in the pane of the window. 

Cop {Cotton Spinning). The cylindrical form in 
wldch the yam is built up when spun on the mole. 
It consists of a rounded bottom, with the top or 
finishing part cone shaped. There are three sizes of 
cop spun, viz. (1) Pin cop, (2) Bastard cop, (3) Twist 
cop. 

{Wooll&n Manufac.) The conical form in 

which the yam is spun on the self-actor {q.v.) * 

Copal. The term copal is applied to a number of 
semi-fossil resins, mostly deriv^ from a tree, Trachy- 
lohium verruvosutn {Leguminona), grown in Africa. 
The rosin is found in the soil near the roots. It is 
largely used in the maimhicture of the best varnishes. 
The most esteemed variety for this purpose is Sierra 
Leone copal, which requires a temjiesature of 400'* F. 
to melt it From it is obtained pale and very 
durable varnishes. 

Copaline (Min.) One of the Bitumens (q.v.) It 
is a carbon compound with hydrogen and oxygen. 
I*ale yellow, waxy, occurring in small fragments at 
llighgaie llill, London; also called Highgate*^' 
Ebsin. 

Cope (Foundry). The upper part of a mould. 

((hit.) An ecclesiastical vestment semi- 
circular in form and resembling a cloak. It is worn 
by all grades of the clergy and^sometimes by choir- 
men or cantors. Often embroidered, hooded, and 
adorned with orphreys, fastened by a chisp. It is 
distinguished from the chasuble as being processional, 
the chasuble {q.v.) being cucharistic. 

Coping (Bnild.) The projecting course on the top 
of a wall. 

Copper, Cu, Atomic^ weight, 63*6. A brownish 
red metal : melts at about 1050° : tough, malleable, 
ductile (sp. gr. 8'9). It is the best conductor of 
electricity known, and next to silver the best con- 
ductor of heat. In dry air it undergoes no change, 
but in moist air it becomes covered with a film of 
ba>:ic cai'bonate of copper. Hydrochloric acid has 
scaretdy any action upon it, unless the metal is very 
finely divided, when cuprous chloride and hydrogen 
are produced. Sulpliuric acid does not act upon it in 
the cold, but the hot concentrated acid forms copper 
.sulphate and sulphur dioxide ; nitric acid, except 
when very pure, dissolves it readily, forming copper 
nitrate and nitric oxide principally, but also some 
nitrous oxide and nitrogen. Copper displaces 
mercury, silver, and gold from their solutions. It 
enters into the composition of many important alloys 
— e.g. brass, bell metal, gun metal, bronze, German 
silver, platinoid, etc. The principal ores of copper 
are COPPER I'YRiTBs, Grey Copper Orb, Cuprite, 
Copper Glance, Malachite, Azubitb (q.v .) ; it also 
occurs in a free state, especially on the sontbern 
shore of Lake Superior. In Wales the metal is 
extracted as follows : (1) The ore is carefully 
roasted to expel a part of the sulphur and arsenic 
which is present in it, much of the iron sulphide 
forming iron oxide, while only a little of the copper 
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'Oopfier Lomwii Sng.) Tlie waste of encrgry 

through the rji^stanoe^of'iDopper circuits in electric 
plant, Tbb energy is dissipated in the form of 
heat. ^ ^ . ■ 

' Copper Hiokel (A/ta.) A synonym for Kupfeh- 

KICKEL (jgjo.) 

Copper Pipe*(J5?«/7,) Extensively used for the steam 
pipes of large engines, etc. It can expand and 
contract during changes of temperature without 

• tearing or cracking. 

Copperplate. A polished plate of copper with 
bevelled edges, upon which an engraving is executed. 
See Engraving and Etching. 

Copper Pyrites A .selpldde of iron and 

coppet, Fc..Hj,. Copper = 32 to 34, iron = 29 to 31, 
sulphur = 34 to* 3G per cent. Also culled Chalco- 
PYRITB. The commonest form of crystal is a twin 
of tetragonal tetrah'cdra. Also massive. Colour, 
brassy yellow, often with a darker tarnish. Very 
brittle, .softer than iion pyrito.s, whi(;h it externally 
resembles. '>he chief ore of copi>er. Cornwall, 
Cumberland, Devon, Sweden, tiie Harz, etc. 

{lopper Uranite (Min.) A hydrous pho.spbnte of 

* copper and uranium, (CuO . 2 Lr., 03 )}\, 0 j . sH,,0. IJranic 
oxide = .*)0 to (>1 , phosphoric a(ud — 1 4 to lV>, oxide of 
copi>er — iS o to 9, water = 14 to 15 ])(‘r cent. Also 
called Torhemitc, Chalcolite, and Uraninica. Occurs 
in implanted tabular tetragonal prisms of an emerald 
green o(»lour. Cornwall, Devon, Saxony, and 
Bohemiu. 

Copping Rail (Coiton Sjnnnmg). An attach- 
ment on the mule which is connected to the fuller 
wire for determining the chase or building up of the 
cylindrical body oC a Cop (q.v.) 

Copra. The dried kernels of the cocoanut palm, 
Coce8 miclfera (Palmte), imported int<j thi.s country. 
Under ]ire.ssure, copra yields cocoanut oil, used in 
the^ipjanufactnre of caiKlles. 

Coprolite (Oeol.) A term correctly ajiphed only 
to the fo.Hsii remains of the droppings of fish. Ruch 
exu\ia3 generally Contain more or less of i>h().sphatic 
matter, wliich is oi'*^n.*at value, if obtained in 
snllicient quantities, for artificial manures. As a 
conj-equeiKje, coprolites have ht'eii much in rcque.^t 
for that purpose, and wdien other suhstanccs which 
afTord the desirotl phosphatic matter have be<ui iilet 
with, the term coprolite has been applied com- 
merciall}' to the.se, quite irrespective of their origin. 

Copy (-4/*f). The reproduction of au original 
pictuic or work of art. Wlieii an artist copies his 
own production it is termed a Replica. 

Manuscript, typewritUm, or printed 

matter handed to a compositor to be .set in type, 

Copying (Photo,) Effected either by making jin 
ordinary negative with the camera or by some form 
of contact printing. The latter is verj^ easily applied 
to tracings, and is generally carried out by some form 
of Dluf. J’rockss (q.v.) 

Copying Machine (Eng.) A machine for the 
production of a large number of similar objects by a 
tool, guided in a suitable manner by an automatic 
device. 

Copyright (Literary and Artistic). Copyright 
is “personal” property^ and may be defined as the 
sole right to pro<Juce, after publication, copies of a 
book, article, lecture, play, musical composition, 
painting, drawing, print, photograph, or a pie(;e of 
Mulptnre. “ Publioation/* in most of these instances, 


consists of tendering a work for sale publicly; in 
the case of a piece of sculpture it is effected the 
exhibition of the work. With respect to lectures 
and plays, a dual right exists: (1) publishing, 
(2) delivering or performing. Before publication 
the author may restrain anyone else irom pub- 
lishing his work by an action at common law. 
The copyright of a work first published in the 
United Kingdom extends to all ps^s of the British 
dominions, but is subject in certain details to the 
local laws. In the United Kingdom, Copyright in 
Books lasts for forty-two years from the date of pub- 
lication, or, in the event of the author dying, for 
the period covering his life, plus a period of seven 
years, should the two periods not exceed forty-two 
years. As regards Posthumous Books, copyright 
dates from publication. The copyright of articles 
appearing in magazines and periodicals, unless other- 
wise stipulated, vests for a period of twenty-eight 
>ears in the editor or proprietor engaging and paying 
the writers of the artifdes ; but such articles may not 
be published separately. In the case of PAINTINGS, 
Drawings, and Photographs, the righ( lasts for 
the life of the author, plus a period of sovon years ; 
and in the case of Prints the period is twenty-eight 
years. For SCULPTURE the jK-Tiod is fourteen years, 
plus a further similar period if the author be living 
at the end of the first period. Copyright in Plays 
extends for the same period as that in books. This 
is also the case with Music. In the United States, 
copyright la.sts for a period of twenty-eight years, 
plus a period of fourteen years on re-registrution ; 
but to sec.iirc copyright for a British book it must 
be published simultaneously in both countries. 
Those countries which are signatories to the Berne 
(^invention op 1887, supplemented by the Act op 
Paris op i896, are bound to secure for an author, 
who i.s a subject of any one of them, the same rights 
as the laws of his own country afford. The follow- 
ing countries form thi.s union : The British Empire, 
Belgium, Germany, France, Hayti, Italy, Ja^ian, 
Luxemburg, Monaco, Norway, Rpain, Switzerland, 
and Tunis. Austria and Hungary have a separate 
convention with Great Britain. 

Coquepelles {Jlcr.) A French heraldic charge. 
Three ^filberts in their hu.sks, (*.on joined. 

Coral. A term generally applied to the hard and 
usually calcareous substance secreted from sea- 
w’ater by the acuiou of the coral animals, which 
belong to the CJoeleutera. A great variety of snb- 
st,aiices have been th.us formed, amongst which may 
be mentioned the Piticuious Coral, the Organ 
Pipe Coral, iunnmciiihlc' forms of coral structures 
which go to form coral reefs, and many other 
structures. 

Corallian ( Geol . ) A subdivision of the Oolitic or 
Jurassic rucks, so called because the remains of tlie 
hard parts of various extinct forms of C'oelenterate 
animals are met with in the rocks on this horizon in 
the part of England where the ro(*.k first received the 
attention of geologists. 

Coralline Crag ( Geol.) See Crag. 

Coralline Oolite' (Geol.) Another name W 
Corallian (q.v.) 

Corbel (Archifeet., Puild.^ etc,) A projection 
from a wall to support a load. 

Corbelling (JtuUd.) Courses of bricks oversailing 
each other ; also the supporting of some part of a 
building by means of corbels. 
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Corbel Table (Architeat,) A series of corbels 
snpporting an overhanging parapet ; used in Borman 
and Eai'lv English work. In castles and fortifi (nations 
the pantpet and corbels were so arranged that 
missiles could be thrown from behind the parapet 
through openings between the corbels. These 
openings are known as Machicolations. 

Corbie St^ Gable (^Architect.) A gable formed 
with a series of steps. It is also known as a Crow- 
step Cable. 

Cordite. See Explosives. 

Cordon {Her,) Used in French heraldry. A cord 
with tassels surrounding the shield of an ecclesiastic. 

Cordovan {Leather), Cordovan leather is prepared 
from the skins of goats, formerly from horse liidcs. 
It is used in bookbinding and fur boots and shoes. 

Corduroy {Cotton Weai'^ing), Literally king’j 
cord. A form of weft pile weaving for heavy cloths, 
suitable for men’s wear, which gives a rib longitu- 
dinally in the cloth. After weaving, it is cut, sheared, 
and finished. Often dyed. 

Core {Build,) ( 1 ) The filling between a relieving 
arch {q,v,) find the wood lintel. ( 2 ) The mortar 
l»rojccting from the joints inside a flue. (.'!) Broken 
stone, bricks, and other building materials used in 
filling up hollows in the ground, etc. 

{Carp,, etc.) The iron bar used to streugtlien 

a wreathed handrail, etc. 

( Foundry), A mass of sand or loam formed 

in the shape of a cavity, which has to be pr(»- 
duced in a casting. The core is either struck {sfc 
CoEB Bab) or produced in a core box {q,v.\ and is 
fixed into tiie recesses in the mould produced by core 
prints ( 5 '.v.) When the casting is complete the core 
18 extracted from the cavity in the metal by being 
broken up and removed piecemeal. 

Gore Bar {Foundry). An iron bar round which 
a cylindrical core is formed. For large core.s of 
circular section no <*ore box is used, but the bar is 
coated^with foundry sand and loam, and struck” 
to shape by rotating it against the e<lge of a suital)ly 
formed board, calletl ajCoBE Board or Loam Board. 

tUiVtBOT {Pattern MaJdiifj). A wooden .structure 
containing a cavity (similar to one required in a 
casting) in which the core is formed by ramming in 
core sand {q.v,) The box can be taken to pieces and 
the core removed without injury. 

Cored Hole {Fng., etc.) Cast holes {q.v.y 

Core DiscB {Elect. Eng.) Discs of soft iron from 
which the hollow cylinder forming tlje core of an 
armature is built up. 

Core Oven (Foundry). An oven for drying cores 
before placing in the rnguld. 

Core Plate! (Foundry). Thin di.sc-shaped castings 
which are fixe<l on a core-bar in order to serve fis a 
support for large cores. They are broken up when 
the removal of the core has to be effected. 

Core Print! (Pattern Making, etc,) i^rojections on 
a x^attern which form recesses in the mould into 
which the ends of a core {q.v.) are fitted. The length 
of the core is adjusted to equal the combined length 
of the hole in the casting, together with the two 
prints i,e. a c<^re for a hole 9 in, long, if each print 
were IJ in., would be 12 in. 

Core Sand {Foundry). A mixture of sand with 
80^ substance to render it peftou! and to enable it 
tonarden on drying. 


Corf {MeU and Minina), A shallow basket used 
for handling minerals in min^. In some districts 
(chiefly South Yorkshire and Sta^ordshlre) applied 
to a colliery “ tub ” {q,v.) and spelled COBVB. 

Corinthian Order {Architect,) The lightest and 
most ornate of the classic orders. It was only used 
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by the Greeks in a few comparatively unimportant 
Vjuildings, but it was the favourite order of the 
Komans. See AnoHiTBCTUBE, Oedbbh of. 

Corium {Armov^r), Leather body armour formed 
of overlapping scales. This kind of armour was 
worn by Homan soldiers ; it, was also worn in this 
country down to the time of Edward I. 

Cork Cambium {Botany), See Cambium, 

Corkscrow Weavo {(Mton Weaving), An 
elongated twill, travelling at a greater angle than 
an ordinary twill. 

Corliss Engine {Eng.) An en^e fitted with 
Corliss gear (q,v,) instead of a slide valve of the 
ordinary type. 
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Corlfis Gear and Yalva^ (^^*) A form of valve 
gear tised in many large stationary engines. Two 
valves are placed at each end of the cylinder. Each 
valve is nsnally a segment of a circle, and uncovers 
its port or opening by revolving when acted upon by 
a sorios of levers driven from the engine ; disc valves 
and double-beat valves are also used. One valve at 
•eacli end is an* exhaust valve, and opens fully and 
I>ractically instantaneously, thereby allowing a free 
escape of steam. When the exhaustion is completed 
the valves are closed instantly by some form of spring. 
The remaining valves admit the steam, and the rate 
at which they open is controlled by the governor. 
These arrangements secure great regularity and 
€|Conomy in the action of the engine. 

Conn (Botany\ An underground bud whose 
dis(! (stem) is much swollen with .reserve material. 
Tlic hCMile loaves are thin and sheathing. It is often 
mistaken for a root. 

CoFiibraall'(6rr/>Z.) One of the subdivisions of the 
Oolites, whUA, in the district where it is typically 
dov(‘loi>ed, consists very largely of broken and 
comminuted fragments of shells and otlicr calcareous 

Comea The transparent portion of the 

-sclerotic (ijf.r.) boat of tlio eye. 

Corner Cramps {Join.) (Vamps for drawing up 
the corners (»f idcture frames, etc. 

Corners (1) Ihe material covering the 

corn''] s of “liaif-bouiid ’ hooks. (2) The triangular 
tools u.^ed in gold or blind tooling. 

Cornet. See Mi-sical Instruments, Wind 

(BRA.SS). 

Cornice {Architioi.) A projocling moulding 
crouning the fc-alnre to wliich it is applied. Tlio 
cornice of an order is the sulxlivi.sion of tlic cntabla- 
Gtnvo above the frieze. Sn: Entaklatuub a)Hl 
ARcniTBcrruiiE, Orders of. 

Cornish Boiler. /<^'v:J[ioiLEits. 

Cornish Engine. A large type of beam emrine 
<-oini]iunly used for pumping. See aUo Steam 
Kxdinjj. 

Cornish Granite. See Building Stones. 

Corn Oil. A product c»f Indian corn or nwuze 
{Zva juai«) wl.ich is extensively grown in the United 
Srates, and ti.cre eaten a.s a vegetable. Tlie oil is 
clear yellow, and is used to a limited extent in paint 
manu fae.l lire. It will not, however, dry unless a 
liberal amtmnt of driers is added. 

Cornucopia {Art). An ornament in the form of a 
wreathed horn overflowing with fruit and flowers. 
Symbolical of peace anti luospcrity, and generally an 
attribute of figures emblematical of plenty , liberality, 
etc. 

Corona'' ( Arohiteet .) The lower i)ajt of the pro- 
jecting portion of a Greek, Boman, or llcnaissaiKc 
cornice. It consists of a vertical face aiifl a soflit 
{q.r.) The la.tfer is recessed upwards so as to form 
a drip. See CoBNicB, Entablature, Column, 
Bed Mould, etc . 

Corona { Meteorol .') Coloured rings seen round 
the moon (or more rarely, the sun) when viewed 
through a mist or thin cloud. They are due to 
DfPlTBACTION (jf.r.) 


CO% 

Coronet* An inferior crown 
worn by princes and the nobility, 
and denoting a dignity below that 
of the sovereign. It varies in 
form according to rank. That of 
the Prince of Wales bears on the 
edge four crosses “patt^e” be- 
tween the same number of fleurs- 
de-lis, and from two opposite 
crosses there rises an arch, sur- 
mounted by an orb and a cross. 

The coronet of a duke bears straw- 
berry leaves ; that of a marquis 
strawberry loaves alternately with 
pearls; that of an earl has the' 
p'^arls raised above the leaves; 
t.Iiat of a viscount is surrounded 
by pearls ; that of a baron has 
fc«ix pearls only. 

{Her.) The ensign of 

princely and noble rank. 

Corozo Nut. The seed of a Bonth American tree, 
Phytelcphisi inaerocarpa^ allied to the palms. The 
hardened albumen of tlie nut furnishes VUGBTABLB 
IvoRy. 

CoppuBcfe {Biology). Tlie solid bodies suspended 
in tlie bloocl. There are two kinds ; (1) Red COB- 
PUSCLKa are flat discs, varying in size and structure, 
according to the animal in which they occur. They 
arc very numerous; in man there are about 5,(X)0,0(K) 
per cubic millimetre. (2) Wjitte CoRRtrsCLES or 
LEUCOCYTua are true animal cells, resembling the 
organism Arnieba. Their number i.s about that 
of ilui red corpuscles. See also Blood aftd Haemo- 
globin. 

(Bleef.) An Electron {q.r.) 

Corpuscular Theory of Light. A theory (held 
by Newton) that light was due to particles emitted 
by luiiiinouB bodies ; also known as the il^ission 
Tiieory. It is now replaced by the W ave or Undu- 
laiory Theory, Many of the characteristics of 
Xewton’s tlicony are retained, however, if it is re- 
memlierod that “the tilings emit ted are Faraday 
TuIkss” {(/.V.) instead of material particles. — J, J. 
Thomson. 

Corrections {l^ypoy.) Emendations made on a 
jiroof (printed sheet) before it is finally printed off. 
They should be made on the margin of the sheet and 
agaimst the line where the faults occur. See Proof 
Corrections, 

Corrector of the Press {Ty2}og.) A proof reader. 

Corrosion {f'^rig.) Chemical action which causes 
destruction nf the surface of a metal. Usuiill;t it 
is by oxidation. To diminish coriosion, paint, oil, 
and other sub>tances are employed, or iron may bo 
galvanised (r/.r.) or treated by some process such as 
that of Barff. No process has yet been found which 
can prevent (joiTOsion completely. 

Corrosive Sublimate (Chem.) A common name 
for mercuric chloride. See MfmcuRY COMPOUNDS, 

Corrugated Furnace Tubes {Bng,) Tul^s with 
corrugations running right round the circumference. 
They" are often used, as they present an incref^d 
heating surface, and also cause less strain in the 
main shell of the boiler, when they expand or 
contract, than straight tubes. 
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Corselet (^Armour), A cuirass or piece of armour 
for coverinpr the body, usually worn by pikemen, who 
were sometimes styled Cobsblets. Attached to 
the corselet in the caso of footmen was armour for 
the thighs, called Tassbts. 

Corsite ( Geol.') A variety of diorite which shows 
a remarfetble orbicular structure, due to an unusual 
disposition of its component minerals during its 
tionsolidation. It is sometimes called Napoleoiiite 
or Orbicular Oiorile. 

Cortlle {Arehitect.') An interior court in a 
dwelling house. 

CoPlindum {Min.) Native scsqui-oxido of alu- 
minium, AljO,. Aluminium « 53*4, oxygen =* 4<r6 per 
cent. It crystallises in hexagonal pyramids, and also 
occurs massive. Colour vorj’ varied. The massive 
form yields Emeuv {q.r.) Tlie finer (jolourcd varieties 
yield many of the gems. Set- llusv, Sapphike, and 
Amethyst (Oriental). Found in Fiast Indies, 
riodmont, St. Gothanl, Auvergne, New York, Burmab, 
etc. C/. Carborundum. 

Cos, Cosine. Soe Trigonometrical Hatiob. 

CoseCf Cosecant. Sec Trigonometrical Ratios. 

Cost {Her.) Sec CoTiSE. 

Costing {Manufactures), The determination of 
the cost of producing or di.stribiiting any given 
work. 

Cost Sheet {Maniffartnres), A statement of the 
cost of production of given work. It should show 
the cost of labour, materials, general charges, depre- 
ciation of tools, etc., and each of these items may 
be further .subdivided with advantage where several 
varieties of- labour and materials are used in each 
piece of work. 

Cot, Cotangent. Sec Trigonometric^al Ratios. 

Cothurnus {Arclueol.) A Grecian huniing-boot 
laced up in front and reaching to the mid«lle of the 
leg ; also worn bj" tragic af.tor.>. Sec Buskin. 

Cotii|^, Cottise {Tier,) A diminutive of th(' bend, 
being one-half of the beridlot and orie-foiirtli of the 
bend. When born(‘ alone, it termed a “ Cost but 
when borne in pairs, *■ Coli.ses.'’ 

Cotised {Her,) When an onlinary, siicli a*? a bend 
or fess, is bordered oii both side*' by a cotisci. bamilet, 
etc. 

Cottar {Hng.) A tapere<l pin or wedge used for 
tightening up and fixing parts of inacliintTy, 

Cottar Way (Hag,) A tapered .slot through 
which a cottar ijasses. St^c COTT.AR. 

Cotton. (TOjisifpium {mitiom^ specie.s; order, MaU 
vaecfc). Three species of this plant yiehl tlie u ell- 
known material cotton, which is fornuid from, the 
fibres covering the seeds. The seeds arc used aho 
in making cotton seed oil {q.v.) and oil cake. When 
woven into a fabric, cotton is durable, nou-shrink- 
able, does not ah.sorb moisture, and is a good con- 
ductor of heat. These feature.s point to the 
conclusion that it should not be worn next the 
skin. 

Cotton Manufacture. This industry may be 
divided into tw<> di.stinct branches, viz, (1) Kijiiiniug; 
(2) Wcavin;r. There arc a few firms in England who 
carry on both indn.stries, but it is theexf-eption rather 
than the rule. On the Continent and in America 
the two are u-sually worked together under separate 
inside management. A firm who take both branches 
would be styled cotton .spinnens and manufacturers. 
It is the province of the spinner to convert by 


mechanical methods the fine short cotton fibres 
obtained from the cotton tree into a continuous 
uniformly twisted thread of unlimited len^h, the 
coarseness or fineness of which may be varied to suit 
the requirements of thetmde. The manufacturer, in 
his turn, has to prepare the spun yam so that when 
a number of threads are run together in parallel 
order in a convenient form in the loom woven 
cloth is produced. Cotton Spinning: The primi- 
tive method of spinning was by means of the distaff 
{q.v,) and spindle, which gave place later to the 
<lomesiic hand spinning wheel. In the year 1530 this 
was superseded for special purposes by the Saxony 
spinning wheel. Tliis wheel both put the twist into 
the thread and woi«d it on a bobbin by means of a 
flyer. A very good spinner would be able to work a 
wheel containing two spinning spindles. An average 
number of .spindle.s wliich at the present day may 
be attended to b}*- a mule spinner and lii.s two assist- 
ants is about two tliou.sand. A('Conling to Br. Ure, 
the earliest period that ci>tton is known to have 
been used in England as a textile stai)ki was in the 
latter part of the fifteenth century. Tliis industry^ 
together with weaving, was carried on as a domestic 
occupation until the invention of Robert Kay’s riiy 
.shuttle on the hand loom gave an impetus to the 
.spinning industry, and wa.s the means of bringing 
out in quick succession the inventions of Hargreaves, 
Arkwright, and Crompton. The ad vent of Arkwright’s 
water frame, about ITtli), was the moans of gradually 
changiiigthe whole system of domestic manufacture 
from the manual to tlu^ mechanical, and eventually 
establishing uur present day factory system. The 
value of a cottun fibre for spinning ]mri)ose.s is 
determined by the following charac‘teristics : length, 
fineness, uniformity in diameter and convolution.s, 
cleanliness; the best and strongest spun jams 
being thosf‘ in which the greatest number of fibres 
in proportion to tbickne,ss of thread may be con- 
.solidatcd in a cros.s section. Tlie following are the 
chief commercial staple.^ of cotfon used, given in' 
order of imfiortance and value: (1) Sea Island; 
(2) Egyptian; (3) Brazilian; (4) American; (5) 
Indian. The finest yarns ai»^I)un from Soa Island 
and Egy[>lian; the cozu'so.st and low qualities 
from Indian cotton. I’lio bulk of the cotton used 
for med.ium class yams is Ara(;ric;in, and it is for 
tlfis sta]>le that there is ihe greatest demand. It 
ni.iy bo mentioned here, that iv'cently a cotton 
growing a'-‘<cfdation lias beem fonnofl in England 
among the spinners and manufacturers to experiment 
and evontually cultivate in some British posses- 
sion a cotton fibre equal to, if not better than, the 
American, so that the control of the cotton market 
may be taken out of tlio range of speculators ** wh(» 
toil nt)t, neither do they spin.” The Germans are 
also adopting the same course in their African 
possessions. After the cotton lint or fibre is picke?! 
from the ]»od, it undergoes the process of “ginning” 
near to tlic cotton fields, and is then graded. It is 
afterwards packed by steam or hydraulic pressure in 
the form of an oblong bale, ready for trai^sit to any 
part of the globe. In America the compressed rolled 
bale is very extensively u.sed. It is in the bale form 
that the .spinner receives it, and after being tested 
for weight, quality, and moisture, it undergoes the 
various .stages of manipulation until a solid, approxi- 
mately uniform, and cylindrically twisted thread is 
produced. The following is the order of processes 
that cotton would pass through in a modem English 
mill fitted up for spinning medium counts of yams: 
(1) Bale breaker, (2) Mixing or Blending, (3) Open- 
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ing, (4) Scutching, (6) Carding, (6) Drawing (three 
heads), (7) Blubbing, (8) Intermediate slabbing, 
(9) Roving, (10) Spinning either by the ring frame 
or mule. ^ When fine yarns of good quality are being 
spun it is necessary to introduce three other pro* 
cesses between the carder and drawing frame— f>i«. 
(a) Sliver lap machine, (ft) Ribbon lap, (^) Comb- 
ing ; also, in many cases, an extra fiyer frame, called 
a jack frame, would be used to follow the roving 
frame. Some spinners will sell the yarn for twist ” 
or “ weft ’* direct from the spindle in the mule cop 
or ring bobbin; whilst others will have attached 
a reeling, warping, and doubling business. In the 
majority of Qttse.s, however, doubling is treated as 
another branch, along with gassing. When reeling 
and warping are attached theife is a greater outlet 
for the sale of yarns, as, in addition to the cop and 
bobbin, it may be sold in the hank, balled warp, or 
chain lengths to suit the convenience of the manu- 
facturer. The chief points of difference between the 
English and American systems of spinning may be 
summed up as follours: In England cotton is only 
carded once&nd drawn three times, and the majority 
of spinning spindles are on the mule, although a large 
number of rings arc in use. In America they usually 
card the cotton twice and draw it twice, wliilst their 
spinning machines are invariably ring frames, so 
that ring weft on a bobbin may bo Supj)lied direct 
to the weaver in ail-Utien to being uhcd for warp. 
Reeling is practically unknown. A stern of spinning 
is also in vogue, especially on the (’ontinent, for 
respinning waste yams into coayse (jounts, known as 
waste spinning. (?otto.v Weaving : By weaving is 
meant the ait of forming 'a cloth or fabric by the in- 
terlacing of strands or ihn^'jids of vai ious thicknesses 
one wilh another in order to fi#nn one broadsheet. 
Two distinct s(‘ts of threads, knowm as the warp and 
the weft, are used in the forruatiem of the cloth. 
Early records ])oint to tlie fact that in a simple way 
weaving was practised by the Egyptians, Chinese, 
Hindoos, and (Ireek-s long before the art b(‘caine 
kuown in England. It is said that v.e are indebted 
to the Tioman.s for it.s introduction into this country, 
since on tlicir invasjon they oonimence<l to weave 
woollen cloths for tiiiJ^usc of their soldiers. The 
adoption of cotton as a textile sta]de was much 
later. See Cotton Spinning. The inventions of 
Arkwright and Crompton in the spinning industry 
had the effect of giving a greater supjily of yarn to 
the hand loom weaver than could be dealt with; 
hence there soon followed the invention of the power 
loom by Dr. Cartwright. His idea was to produce a 
machine that would be partiallj^ automatic in its 
a<;tion, and so, by enabling ono ])crsori to attend to 
mure than one loom at the same time, afford the 
means of dealing with the stock of yarn produced 
by the spinning spindles. The success of bis in- 
vention revolutionised the weaving industry, and it 
may be said that our present day loom still retains, 
in the main, the chief features of Cartwright’s 
invention. Erom this time onward the cotton in- 
dustry coniixiucd to expand until it was found neces- 
sary to treat spinning and weaving as twui separate 
branches of industry, as we find thorn to-day. The 
industry has also spread to such an extent on the 
Continent and in the United States of America — to 
a lesser degree in India, China, and Japan— that 
these countries make themselves felt as keen com- 
X>etitors, especially in our foreign trade. In order to 
produce cloth satisfactorily and economically, certain 
preparatory processes are necessary. These processes 
provide a warp beam containing warp threads in 


such number and length that any desired quality 
and width of cioth may be produced when in the 
loom. In present day manuf^turing there are two 
main divisions — viz. (1) Grey Goods; (2) Ooldured 
Goods. Each of these may be again split up into 
(a) Plain weaving; (ft) Fancy weaving. A manu- 
facturer of plain goods will produce fabrics of a 
simple or plain character, such as calicoes, twills, 
sateens, muslins, lawns, etc., known as ** tappet” 
work. A fancy goods manufacturer will produce, 
in addition to the above, fabrics of a fancy weave 
character, comprising small figured or floral effects 
which require tact and skill in the arrangement 
of design. This necessitates the employment of 
more costly machinery in tlie form of dobbies or 
jaci^uards. The general English system of preparing 
grey and coloured warp tlircads for the loom are 
herewith given. Obey Goods: The warp yam is 
received in the twist cop, or ring bobbin, and under- 
goes the following processes: (1) Winding; (2) 
Beam warjung ; (3) Slashing and sizing ; (4) 

Twisting or drawing in ; (5) Weaving in the 
power loom, fitted up with cither taf)pet, dobby, or 
jacquard. Coloured Goods : Two di.'Ntinct systems 
of preparation arc in vogue, e.T<‘,h of which has its 
advantages, namely (A) Warping ; (B) Yorkshire 
dressing. System A : The twist yarn is received in 
the grey hank state, and, after being bleached or 
dyed the required colours, undergoes the process of 
bank sizing, in addition to which the following 
processes are gone through: (1) Drum winding; 
(2) Warping ; (3) Beaming or running on maebino ; 
00 Drawing in or twilling ; (5) VVca\ing as above. 
Syatnn B : The twist yarn, received in the form of 
balls or ciKiins, is warp dyed and sized, and passed 
on to the dresser, who puts it through the process of 
Yorkshire dressing. From this stage the X'rocesses 
arc as 4 and 5 in Sysluni A. Ilic Bcotch system of 
preparing coloured w'aips is mostly by the long chain 
or Scotch beaming process, wdiich is similar to York- 
shire dre.ssing, only that each colour is previously 
run on to a .separate beam before all are run together 
on the weaver’s beam in tlieir ttallern. The American 
system is similar to the Scotch, that is for coloured 
goods. The wari)S are made on a lease or chain 
warping machine, afterwards being dyed the required 
colours. The colours Jire tlien each run on to separate 
beams, only in their wuizvA condition. All the 
coloured ends from the beams are then run together 
on the w'eaver’s beam in their correct pattern by 
means of the slasher sizer. Two size boxes are usually 
employed, one for wliitc threads to run through, and 
the other for all colours. The American system for 
grey work is similar to the English. — H. B. U. 

Cotton Blanket. See Blanket. 

Cotton Cords (Eny.) Hopes of cotton one-half 
to five-eighths of an inch in diameter, sometimes 
used for transmitting power in place of leather 
belts. 

Cotton CoYering (^Elect, Bug.) Insulation con- 
sist ing of ono or more layers of fine cotton wound 
round wires in which high insulation is not necessary, 
i.e. where the voltage of the current in the wire is 
low. 

Cotton Felt {Paper Manufac,) An endless 
cloth used for keeping paper in contact with heated 
cylinders during the operation of drying. 

Cotton Oln* A machine used for separating the 
cotton lint from the seeds after picking from the 
pod. There are several kinds— the primitive Chorka 
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1 ^, loller gio» saw gin. The two latter are mostly 
nsed^ and of these there are several single and 
double acting patterns. 

Cotton Seed Oil* Is obtained from the outer 
shells of the seeds of various kinds of the cotton 
tree, Oossypium^ Until recent years these husks 
were deemed worthless, but now the cotton oil 
industry is an exceedingly hirge one, crushing of the 
seed being carried out in many places in England 
and abroad. The oil when expressed is of a ruby 
colour, ;md when refined pale 3 'ellow* It possesses a 
pleasant nutty flavour, and is very largely employed 
as a salad oil, for adulterating olive oil, butter, and 
lard, and in the manufacture of margarine. It is 
also used for pastry, fish frying, and in the manu- 
facture of lubricating oils, soaps, and candles. When 
used as a food it is necessary to free it from stearin 
(^.r.) This is sometimes effected by merely allowing 
the oil to stand in storage tanks, and sometimes by 
chilling or by placing the oil in cylindrical bags -of 
finely woven linen and allowing it to filter through, 
which it does slowly, l€*aviug the stearin behind. Its 
specific gravity at F. is 0*922 to 0*928. 

Cotyledons {lioiamj'), Tlie temporary seed leaves 
of an embryo plant, functioning either as an ab.‘?orb- 
ing organ or as storage places. Tlicre are two 
present in the seeds of dicotyledons, one in mono> 
cotyledons. 

Ootyliscufl {ArehcBol.) A small Greek vase with 
one handle, resembling the ampLiora in form. 

Couch Roll {Paper Mamfac,) A felt-covcred 
roll used for squeezing out surplus wfiter from the 
wet sheet of paper after it leaves a machine wire. 

CouliSBO, Cullis* The slule.s or grooves in whicli 
the side scenes run on the stage, of a theatre*. 
Applied also to a side scene itself and to the space 
between the side scenes. 

Coulomb {Elect,) The quantity of electricity 
conveyed by a current of one arapire (^.r.) in one 
second. • 

Coulomb’s Balance (EU*ot,) Sgp Tobsiox 
Balance, 

Coulomb’s Law {Elect.) In elec'.tro-statics the 
fon;e between two charges of electricity is propor- 
tional to their product, and inversely proportional 
to the square of their distance apart. In magnetism 
the force between two magnetic poles follows the 
same law. 

: OH 

Coumarln {Olu^m,.) Cgll,/ | 

0 - CO 

A white crystalline solid with pleasant aromatic 
odour. Melts at 07°. E.^t&ily soluble in alcohol and 
hot water. Obtained by tl>e action of acetic anhy- 
dride and sodium acetate ou the aldcliyde of salicy- 
lic acid. It occurs in Tonka beans, mclilot, and 
woodruff. Used in ^rfumcry. 

Count {Textile Maiivfac,) See COUNTS. 

Counter* (1) The curved part of a ship's stern. 
(2) That part of a horse that lies between the 
shoulders under the neck. (3) An imitation coin 
made of inferior metal. (4) A token. 

Couiiierbalancing {Eng.) See Balancing. 

Connierbraolng {Eng.) Strengthening a struc- 
ture by means of tie rods tunning in opposite 
directions. 


Connterobauiged {Her.') When the field is parted 
per chevron or other ordinary, one half the field being 
metal and the other a colour, the tinctures of charges 
which fall upon the metal and colour are reversed. 

Counter Cramp {Carp, and Join.) A cramp for 
drawing up and fixing the end-grain joints of strings 
{q>v.\ counters, etc. 

Counter Electromotive Force {Elect. Eng.) An 
E.M.F. in tlie armature of a motor while running, 
produced by its tendency to act as a dynamo, and 
thereby opposing the flow of the ourrent which is 
being supplied to the motor. An ordinary continuous 
current motor takes le^s current as its speed rises, for 
the coutiter E.M.F. increases with the^speed. 

Counter Floor {Carp. a)UL Join.) A foundatibn 
for laying a parquet floor on. 

Counter Lath {t^rp., etc.) Laths nailed across 
each other : similar to brandering {g.v.) 

Countermark {Archceol.) The name given to 
impressions that are sometimes found on ancient 
coiuH and medals, and wiiich have been* effected sub- 
sequent to tlic first .stamping’ of the coin. It is not 
certain why such marks have been made on ancient 
coins, blit during tl.e Tcninsular War the British 
authorities were also in the habit of stamping 
Npanisii dollars wdth a small countermark of the 
head of George III. 

Counter Passant {Her.) Said of two beasts 
pas.sing each other in oppevsite directions. 

Counter Plate {Sngrav.) Additions required to 
an engmving arc made upon another plate and then 
printed off upon the original engraving. This second 
plate is called the counter plate. 

Counterpoint (Mmic). Tbo art of combining 
m**lo lies. Fonrrapnntal study is divided into five 
species ; (1) Note against note of tiie Canto Fermo. 
(2) Two notes against one of the Canto Fermo. (3) 
More than two notes against one of the Canto Fermo. 
(4) SMH'opatcd- (5) Florid. • 

Counter Potent {Her.) One of the furs. The 
poteiits arc arranged ln*u«l to head, as in counter 
vair (tj.v.) Sec aUo IIekaldu*^ 

Counter Proof ( Ettgrov. a nd PH nt.) A proof taken 
off another tre.sii-printed ];roof, the copy on the second 
proof Ixjing, of course, reversed. 

Counter Shaft (Eng.) A imbsidiary shaft driven 
frnm ti e main shaft, for transmitting and distribut- 
ing power. It usually carries a coned pulley {q.y.) 
corresponding to a similar pulley on the machine 
which it drives. 

Counter Sinking {Eng.^ etc.) Forming a recess 
at the top of a drilled hole to receive the head of a 
screw or rivet. 

Counter Subject (Music). That part which ac- 
companies tlie “Answer” in a fugue. 

Counter Tenor {Music). St'P Alto. 

Counter Yair ( Her.) One of the furs. The bells 
or cups are all of the same tincture, and placed base 
to base and ix)int to point. 

Countess Slate {Build.) A roofing slate 20 in. 
by 10 in. 

Counting Glass {LUien Manufao.) Magnifying 
glasses made up indittle frames having apertures of 
different sizes cut to standard gauges. Wbeu l^d 
on a piece of linen, the number of threads appearing 
through the aperture are counted) and Indicate the 
fineness of the cloth. These are also called « wet 
glasses ” {q.v.) 
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Country Rook (Mining). The rock through which 
a vein rune. 

Oomiti (Cotton Stjknning), Befer to the diameter 
and weight cotton yarns for a standard length. 
Single thread counts are denoted by the number of 
hanks of 840 yds. in 1 lb. (avoirdupois) or 7,000 grs. 
(Trov). Example : a 20 cotton thread = 20 hanks 
to 1 lb.’ 20 X 840 » 16,800 yds. to 1 lb. Folded- 
yam Counts are determined by the number of threads 
twisted together. Low coarse counts are denoted by 
yarfts per ounce. 

— (Woollen Manufao.) Applied to yarns as 
indicative of size or thLcknes.s and the number of 
yards in a given weight. Cottgn counts are based 
on the number of hanks of 840 yds. in 1 lb. ; 
Worsted, on the number of hanks of 660 yds. in 
1 lb. ; and Woollen on the number of skeins of 1 yd. 
in 1 dram. 

Coaped (Her.) Out straight. When a charge, 
such as a head or leg of a man or beast, is cut off 
evenly and not erased. 

Couple (Mech.) A system of two opposite equal 
paj'allcl forces not in the same straight line. A 
couple can only produce a turning movement, not 
translation or movement from place to phice. 

Couple Close ( Carp, ) A roof having the lower ends 
of the rafters tied to prevent them from spreading. 

Coupled Wheels (Eng.) Locomotive wheels con- 
nected by. connecting or coupling rods. This ensures 
the distribution of the weight over two or more pairs 
of wheels, and increases the uniformity of running. 

Couple, Electric. Any pair of substanoijs, in cor- 
tact or conner.ted together, which can give rise to 
a difference of electrical potential, e.g. zinc coated 
with copper, or a plate of zinc and copper connected 
by a wire. 

Couple Roof (Carp.) A roof havini? no tie at the 
« lower end of the rafters. Of. OOUPLE CLOSE. 

Couple, Thermo-Electric. Two metals which 
produce a difference of potential when heated at 
their junction. 

Coupling ( Eng.) (1 ) The appliance for connecting 
rolling .^tock on a railway. (2) In general, the con- 
nection of any two pieces of mechanism so that- they 
operate together, e.g. shafts, wheels, engines, etc. 

Coupling Lash or Lelsh (Silh Manufac.) The 
threjifl carrying lingoe (g.v.) and attached to mail, 
and carried from mail to necking cord, in figured 
harness. 

Coupling of Dynamos (Elcrt. Efig.) Running 
two (or more) macniues to supply the same circuit 
simultaneously. 

Couplings (Cotton Weaving). An attachment to a 
Ja(jquard Harness. It is suspended from the neck 
cords, and consists of sleeper cord, mail, and lingoe. 
One coupUrig is required for each separate warp 
thread in the width of clotli. 

Course (Build.) (1) One layer of bricks or stones 
of the same height. (2) The vertical distance between 
two horizontal joints. 

Coursed Rubble (Build.) Rough stones squared 
and built in oourse.s varying in height, 

Couteau de Chasse. A hunting knife of the 
sixteenth and seventeenth centuries. The sheath 
contained also smaller knives and other implements 
useful to the hunter. 

Cove (Platt. ^ etc.) A hoRow curved moulding. 


Coved Ceiling (Platt, etc.) A celling having a 
large hollow cornice. 

Cover (Cotton Weaving). A term used to indicate 
that the warp threads are spread in the cloth w0th 
at equal distances, so as to de.stroy any raw or naked 
appearance which may arise by the threads pasinng 
in pairs or more through the splits in reed (f>v.) 

Cover Chief (Cost.) A headdress resembling a 
nun’s veil. In common use during the Middle Ages. 

Covering Power of Pigments (Bee.) Often oon- 
fusod with the term “ body ” (g.r.) It refers to the 
extent of surface a pigment will cover, or the super- 
ficial area over which it will spread when thinned to 
a consistency suitable for being applied with a brush. 
The surface in square feet covered by 10 lb. of tihe 
following materials applied evenly to wood is, 
according to Hurst : Red lead, 113 ; white lead, 221 ; 
zinc oxide, 378 ; red oxide, 463 ; chrome yellow, 252 ; 
Brunswick green. 310 ; lampblack, 382 ; ultramarine, 
462. 

Cover Stones (Build.) Flat stones laid on the 
top of girders, etc., as a foundation for the wall 
above. 

Cow Hair. Is mixed with plaster, foundry loam, 
etc., to en.sure cohesion or porosity. 

Cowls (Hygiene). Used for the purpose of aiding 
ventilation of buildings. They arc fixed on outlet 
ventilating shafts, and are said to increase the 
exhausting action which the wind exerts when 
passing over the tops of these shafts. They prevent 
down-draughts, and also prevent the entrance of 
min. The disadvantage of cowls is the uncertainty 
of their action. 

Cowper Stove (Met.) A Regenerative^ Stove (q»v.) 
for hcatinj^ the blast by the combustion of the 
furnace gfises. 

Cowrie, Cowry. Cgpreea moneta (class, GetHro^ 
poda). A small shell found in Eastern seas and 
used as money in Africa and East Indies. 

Cowrie Pine, Kauri Pine. See Timbebs. 

Cow’s Milk (J^oodit. Hygiene). The quality and 
quantity varies with thcj age, breed, food, and condi- 
tion of the cow. Milk is a perfect food, containing 
all the proximate alimentary principles — i.e. proteid.v, 
fats, carbohydrates, salts, etc. — necessary for the 
sustenance and development of a child. It is there- 
fore of the }iighe>-t importance that it should be 
supplied pure and unadulterated. That. this is not 
so is well known. Water is the chief adulterant; 
but cane suirar, glycerine, cai bonate of soda, boric 
acid, formalin, etc., and annatto, for colouring are also 
added. Milk plays a very important i>art in the cause 
and spread of many of the infectious diseases. Great 
care sliould he taken that milk is not placed where 
it will be liable to contamination, as it readily ab- 
sorbs ga.ses and vapours, and, moreover, affords a 
or')od breeding ground for the growth and multipli- 
cation of micro-organisms 

Coypu. Myopofarnut coypu (family, Ootodontidai). 
A South American rodent of beaver-like habit. The 
under-fur, which is imported in large quantities, is 
known as Putria or Racoonda. 

Cp. (Chem.) Symbol for Chromium (q.v.) 

Crab. A windlass or winding mechanism similar 
to that of a crane. It includes a barrel on which the 
chain or rope is wound, and a winch or crank handle 
whose shaft is usually connected to the barrel by 
toothed gearing. The term is also applied to a 
similar machine driven by power. 
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Crabbing ( WooUen Manufue,) A coznpoand process 
of boiling and blowing pieces of cloth with steam 
while lightly wound on a perforated roller, to prevent 
subsequent wrinkling of the cloth, etc. 

Cracking of Yarnish (Dec.) This fault in a 
varnished surface is sometimes caused by applying the 
varnish over a coat of paint that has not dried liarcl ; 
or by applying a coat of hard varnish over an elastic 
A'amish. If the fault arise from the varnish itself, it 
is usually due to an oxoe^is of drying material being 
used in the manufacture. 

Crackle (Pot,) A species of pottery, the glazed 
surface of which is crazed or cra(^ked in the firing 
process. Japanese pottery of this description is 
highly valued. 

Cracowes (Cost,) Shoes with long pointed toes. 
First worn in the fourteenth century at thacow in 
I'oland. In England it was necessary to pas.s a law 
regulating their length. 

Cradle (Deo.) A movable scaffold consisting of a 
platform railed in on two sides and suspended by 
ropes by which it is raised or l«)vver(‘d. Used by 
painters and builders when ladders cannot be con- 
veniently employed. The loose ends of the ropes 
are held by men on the ground, but in some patented 
patterns the cradle may be operated by those who 
are in it. 

(£!fbfj.) A name often used in mechanism 

for a support or system of supports, especially for 
those carrying an object which can be easily lifted 
out and replaced. 

(Laee Manufae,) In a lace machine, a curve 

concentric with the centre of an oscillating movement, 
and forming a “bed,” which gives support and 
prevents or minimises vibration. 

(Mining,) A rocking frame for washing ores. 

Cradling (Carp, and Join.) (1) The rough 
bracketing round a girder to which the lathing is 
nailed. (2) An arrangement for glueing up treads 
and risers in making a stairca.^'C. 

Cpag(6rffe/.) A name for a geological formation 
(as distinguished from a geographical feature). This 
term is applied to certain shelly .«anrl.s and gra\els 
which -were formed during Plciocene times, chie fly in 
East Anglia. Thus there is the Corallinjc Chag 
(eo called from the abundance of polyzoa, not of 
corals, which it contaius), the If ED Cbag, Norwich 
Crag, etc. 

Cragleith Stone* See Building Stones. 

Cramming ( Plumh.) To plug up a pipe with 
bread, etc., while a joint is being made. 

Cramp (Build.) A 
bar of iron with the 
ends bent at right 
angles ; used for fixing 
stones together. 

— (Join., etc.) A 
tool made in a great 
variety of forms, by 
means of which sus- 
tained pressure can be 
applied to a piece of work ; e.g. cramps are used to 
hold glued joints together while the glue is setting. 
The pressure is usually applied by means of a screw. 

Cramponng iJler.) A cbaigp is cramponnS when 
its termination is in the form of a cramp : an iron 
used in building, having each end bent. See 
CBAHP. 


Crampoon (Build.) A clutch for holding blocks 
of stone or balks -of timber when they are required 
to be raised by means of a crane. 

Crancelin (Her.) A coronet extended in bend ; 
also blazoned a bend trefl^e veri. It is borne in the 
arms of Saxony. 

Crane. A crane is a piece of machinery used for 
raising heavy weights to some distance above the 
level of the ground. In the simplest form the crane 
consists of a roller or drum, round which a chain is 
wound, and which is turned either by hand or by 
I»ower. The chain passes over a pulley wheel, fixed 
on the end of a long beam called the jib. The jib is 
usnall)*' hinged at its lower end to the frame of the 
machine, from which it projects at an angle, and 
this angle can in many cases be altered. In order to 
keep the jib at its proper angle, either tic rods or 
chains are fixed tu it. These tie rods or chains are 
brought down and fixed to some part of tlio frame or 
baseplate. If the chains are so arranged that they 
can bo lengthened or shortened, the angle of the jib 
citn be easily adjusted. A crane wliose jib can be 
adjusted in this w’ay is termed a Derrick. The 
whole frame is usually carried <m a vertical axis^or 
crane-post, so that the crane can turn thrt»ugh a con- 
siderable angle or even make a complete vevolntion. 
This pivot is fixed in the base or foundation in the 
case of stationary cranes, and in the ease of portable 
cranes to a very strong carriage, which runs on lails. 
A crane of this tvpe usually has the following separate 
motions: (1) The ordinary hauling action of the 
crane, by vhich the lt»ad is raised or lowcn c'd. (2) A 
derricking motion, by winch tin* jih can bo fixed at. 
any convenient angle, thus altering the ar(ia o\ei- 
which the crane can work, and enabling the load t-o 
be moved or “ swung” nearer to or farther from tlie 
crane after it is raised. (3) A rotary motion about the 
vertical a.\'i.s of the crane, enabling the load to he swung 
round through any part of a circ le. (A) A travelling 
motion whereby the craiui can run along its line of 
rails. All these motions can be <'btain<Hl from the 
action of the engine which drives the crane, and 
which is mounted on the fj!»^ic‘work of the crane 
itself. To count eraf’t the tendency of such a crane 
to overturn, some heavy weight is fixed on part of the 
frame opposite to the point at which the jib is fixed. 
This Nvciglit may be any heavy mass of efiiivenient 
size, or in tbfi case of steam cfiiiic's it may consist of 
the engine and boiler themselves. These arrange- 
ments constitute wliat is called a Balance CR.^NE. 
In many cases the power of the crane is supplied by a 
hydraulic engine or an electric motor ; the former is 
chielly suited to the working of 8tati<mary cranes. 
The jib is sometimes dispensed with, and the hauling 
meclianism i.s then fixed on beams overhead, so that 
it can run along in eitluT of two given directions. 
Such a crane is called a Traveller, or Travel- 
ling (’RANK, and is used in engineering shops. 
Jjfirge girders arii fixed along two long(;r walls of the. 
shop, and a frame consisting of a couple of girders 
equal to the distance between these two ]oiig<'r 
ginlcrs can be moved along the latter on wheels, A 
crab or hauling mechani.sm is then mounted on two 
shorter girders, so that it can run along them when 
required. The power is very commonly tran.sniitted 
to a traveller from a fixed engine or motor placed on 
the floor of the shop, but the most convenient arrange- 
ment is to have an electric motor contained in the 
crane itself, as the current can easily be conveyed to 
it. For harbour works, etc., some form of traveller 
is frequently used, running on rails, as a jib crane is 
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scarcely strong enough to deal with the enormous 
weights which have to be moved. A Goliath Granb 
is a traveller in which the cross ginlcrs are mounted 
on standards which are provided *with wheels at their 
bases, so that the whole structure can run along on 
rails laid down for the purpose. A Hercules Crane 
is a travelling crane with a horizontal jib. An 
Accident Crane is a portable crane mounted on a 
railway truck. 

Gratte Post {JBng.) The vertical pillar in a crane. 
To the top are attached the tie rods supporting the 
jib; the bottom is fixed to the base plate of the crane. 

Crank A lever keyed at riglit angles to 

a shaft or made solid with it, by means of which the 
shaft is turned, or impjirts rnoticfti. When the shaft 
is of small diameter, it is often bent, in order to form 
the crank, as in the case of the crank shaft of a foot 
lathe*. There are several forms, single-, double-, disc- 
cnink.*!, etc. 

Crank Axle {Cycles'). The spindle to which the 
two cranks and the driving chain wheel are fastened ; 
it rims in ball^)earings in the bottom bracket. See 
also (’YCLES. 

Cranking (JUny.) (1) Bending in some special 
manner. (2) Tlie curving or liollowing out of a 
cutting tool behind the cutting ])oint or <idge in order 
to allow a certain amount of spring in the tool. 

Crank Pin (A.V?//.) The cylindrical stud or pin of 
a crank, to whicli the connc(;ling rod is attached. 

Crape* ‘ A material of light texture, witli a crim])cd 
surface, made of handspun silk yarn in the natural 
state. On adding to tlie texture a quantity of 
gununy matter in finishing, the threads “ creep ’’o.- 
crimp. Crapes are also made of worsted yarns, the 
effect being obtained by passing the pieces between 
engraved rollers. 

Crash {iJeo.) See Canvas Wall CovEitiNas. 

Crater ( (rcoL) A term generally restricted to the 
funnel-sLia}>ed cavity which forms the m«)uth, or 
Uj»permost part, of a volcani<’/ vent. 

{P(ft.) A largq vase or cup with two handles, 

and ha^illg a wi(l<‘, opeif^iout li. It was used by the 
Greeks ajid Homans for mixing wine and water. 

Crawling {Dec.) A defect, in varnished work 
which sometimes takes place when tiiere is a sudden 
oljango in temperature wliilo tlie varnish is drying, 
particularly when the coat of varnish is too thick. 
The defect (jannot be remedied, aiirl the only cure is 
to remove the varnish and do the work again. 

Crayon {Arl). A kind of pencul for drawing, 
made of chalk mixed with otlier materials, black, 
white, or coloured. 

Craze {Pot.) When the glaze on the surface of 
pottery is cracked it is said to be Crazed. Caused 
by accident in the prooc.ss of filing. 

Creak (.1/it.) The cracking sound made by 
metallic tin when bent. Sometimes termed CRY. 
The sound is due to the rubbing together of the 
crystalline particles of the metal. 

Cream Laid* Writing paper with a ribbed surface, 
of a cream colour. 

Cream of Tartar {Ckem.) A common name for 
acid potassium tartrate. Sec Tartrates. 

Cream Wove* Hand-made writing paper, having 
a smooth surface and of a cream colour. 

Creasing Course {Build.) A course of tiles (near 
the top of a wall) projecting on each side to throw 


off the rain, and to prevent the water from soaking 
down the wall : a damp-proof cour.se at the top of 
a wall. 


Creatine, Methyl Guanidine Acetic Aot4« 

/NH, 

HN : CC 

\n.CH,.CH2.C00H 

White prisms containing 1 molecule H^O : soluble 
in water. It occurs in muscle, especially in the 
juice. Can be made artificially from saroosine 
(methyl glycocoll) and cyanamide, CN.NII^. It 
is present in all meat extracts. Acids, on digestion, 
convert it into creatinine, the same change occurring 
on evaporating its solution. Baryta water changes 
it to urea and sarcosine. 

/NH 1 

Creatinine {Ckem.), HN : CY | . 

\N.CH3.CIT2.CO 
White prisms : soluble in water : strong base giving 
salts with acids. Forms a highly characteristic 
compound with zinc chloride (C^I] 7 NjO),^ZnClj, which 
is very sparingly soluble in water and whose forma- 
tion serves as a means of separating creatinine from 
its solutions, e.g. from urine, of wliich it is a normal 
constituent. Creatinine reduces Fehling’s solution 
{y.v.), and normal urine owes its slight reducing power 
to tills subsitiinee. It is formed from creatine {y.v.), 
and is reconvert(.*d into this on boiling with alkalis. 


Gredentia oj* Credence* A kind of small sideboard 
with one or more shelves, lu churches the credence 
table is used ro liold the sacred vessels before they 
are placed upon the altar. 

Creel {Cotton Spbm'nig). A stand to hold n 
number of bobbins either on a flyer frame, ring 
frame, mule or warping machine. Thewi are three 
kinds: (1) straight, (2) circular, (3), V-shaped. 

Creep {Mining), The movement or bulging of 
the floor of a mine through the iiressure of the rocks 
around. 


Creeping {Eng,, etc.) The slight slip which occurs 
betw'ceii a belt aiul the wheel or drum over which it 
runs. Also a general term for a slow movement of 
one part of a structure relative to another part 
which is in contact with it. 

{Chcm.,etc.) The tendency of certain solu- 

tion.s of salts to a.scend the sides (.>f I heir (containing 
vessels, and leave a solid deposit {e.g. sal-ammoniac 
solution). 

Creeping of Tyres ( Cycles, Motors). A tendency 
for a tyre to rotate rehitively to the rim. Creeping 
not only loosens the tyre, but also tends to produce 
leakage through the strain set up at the valve. 

Cremation {Ilggirnc). The cremation of human 
remains is icgulatod by the Cremation Act, 1902. 
Burial authorities under this Act are empowered to 
provide and maintain Crematoria, which must 
not be constructed within a specified distance of a 
dwelling house or public highway, and are subjected 
to regulations pres(;ribed by the Secretary of 
This Ingienic disposal of human remains is in opera- 
tion at Woking, lavcrpool, Manchester, Hendon,^to. 

Cremnitz White or Vienna White {Paint.) A 
pigment composed of pure white load. 

Cremona or Gremonese* A name given to violins 
made at Cremona, a town in Lombardy, in the 
seventeenth century by the Amati family, and in 
the early eighteenth cf^ntury bj Stradivarins. These 
instruments have never been excelled, and command 
very high prices. 
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Ormote A liquid obtained from either 

wood tar or coal tar. That from wood tar is derived 
from the fraction, heavier than water, obtained on 
distilling the tar. This is treated with alkali, and 
the solution produced is separated and precipitated 
with acid, then distilled. The fraction which distils 
;it 200 ° to 22Cf is creosote. It is a mixture of 
phenol, cresol, and the methyl ethers dihydric and 
trihydric phenols with otiier substances. Coal tar 
creosote is that fraction of coal tar which distils 
between 230^ and 270° It contains phenol, crosol, 
napthalene, anthracene, and many other substances. 
Wood creosote is colourless : coal creosote is greenish 
and fluorescent. Creosote is used in preserving 
timber and as a disinfectant. Cri^osote is not soluble 
in water, and to make it so for use as a disinfectant 
Jeyos’), resin and caustic soda are added to it. 

Creoaotinf ttr.) The impregnation of 

timber by first drying in a vacuum and then soaking 
in CliBOSOTB under pressure. The durability 

is very greatly increased by this process, especially 
in the case of timber which is to be exposed to the 
open air or to be partly underground (e.^. railway 
sleepers), 

Crepon* A dress fabric, the surface of which is 
COokled, composed of a shrinkable and an unshrink- 
able yarn. 

C]*equieP (Her.) A French charge, representing 
a chandelier of seven branches. 

Crescendo (Mitsie). Increasing in loudness. 
Abl:>rcviation, Ores., or 

Crescent (Her.) A charge in the form of a half 
moon. Also used as a mark of difference on a label, 
to distinguish the second son. 

/Cn, 

Cresols (Chem.), CJI 4 . 3herc are three of 
' \OH 

cm, 

'(OH 

these compounds, viz. Obthocresol, 


CH, 

Mhtaoresol, I ^ ; Paracbesol, 


\/ 



oil 


\/- 

on 


first melts at 3V', the second at 4°, and the third 
at 36°. O-cresol giv^'S a blue colour with ferric 
chloride. They all occur in wood tar and coal tar. 
They are obtained from the oon-esponding toluidines 
(q,v.) by means of the diasso reaction. Like phenol 
they have a disagreeable smell, are antiseptics, but 
less poisonous than phenol. They are not oxidised 
by chromic acid. P-cresol is a product of tlie 
putrefaction of albumin. 

c^t (Her.) An adjunct to the shield, represented 
on a wreath, coronet, or chapeau, and plaf;ed above 
the helmet in an achievement. In ancient times 
worn on the helmet as a distinctive mark. 


Cresting (Arehiteot.) An enriclied finishing 
surmounting any feature of a building. It is also 
known as JlBATTiSHiNa. A* Orest much used in 
Perpendiculat^Ootbic work is knowm as the Tudor 
JPLOWBB (^.u.) 


Oresylio Aeld (Chem,) A name given to the 
uncrystallisable liquid obtained in the manufacture 
of phenol : it is chiqfiy a mixture of the orosols. 

Cretaoeous System (Oeol.) The uppermost 
member of the Secondary Bocks. It is so called 
because a conspicuous member of the system is the 
Chalk (I^tin, creta). The system includes the Upper 
Greensand and the Gault, which, with the Chalk, 
form the Upper Cretaceous rocks* of those geologists 
who regard the liower Greensand as an inferior 
member of the Cretaceous System. 

Grib (Mining), A hollow cage-like structure of 
timbering. It may be left empty, as when it lines 
any cavity, or be filled with rock, etc., to form a 
support for the roof or other part of the workings. 

Cribwork (Civil Eng.) Framing of piles or other 
timbered work, sometimes filled up with concrete or 
masonry. Used for carrying the foundations of 
submarine work. 

Crimp Cloth (Cottnri Mwmfac.) A form of cotton 
weaving in which longitudinal sectionn! of the cloth 
are uniformly crimped or crinkled purposely. This 
is caused by weaving warps at different tensions. 

Crimson Lake (Hec.) A bright red pigment 
prei>art*(l in a somewhat similar manner to carmine 
(^.r.) It in not permanent, and is used by decorators 
principally as a glazing colour (q.v.) 

Crinoidal Limestone (6^^v/7.) Calcareous rocks of 
marine origin, which largely consist of the disjointed 
fragments of the slem.s of Encrinites, Good examples 
are presented by s<jme varieties of the Carboniferous 
Limc.stone. 

Criophorus. Litei-ally “one who carries a lam/’ 
Hermes \va.s so named for iiaving saved the people 
of Tanngra from the plague by carrying a ram round 
the walls, 

Crio Sphinx. A sphinx with the head of a ram. 
One of tile three varieties of the Egyptian Sphinx, 
the others being the “ Andro Sphinx/* with the head 
of a hiiinan being, and the “ Ilicraco Sphinx,” with a 
hawk's head. See Sphixx. 

Crisis {(iilasii Mannfac.) period at which the 
heat (.f the furnace, after materials are thoroughly 
fitted, is reduced to tiie temperature required for 
working 1 he metal. 

Crispine A headdress similar to the 

ancient calaniica (q.v.) 

Critic (-4r^). A person who examines works of 
art critically and pronounces opinion upon their 
merit i»r value. J'roperly an expert who has know- 
ledge r>f tho subject criticised. 

Critical Angle (Light). Let cd be a surface 
separating .two transparent media, the Jower one 
being the denser of the two (e,g. water and air). 


'A 



Then if a ray bo strike the surface, it will be bent 
away from the normal aob, alohg a line of, in 



CBI 




xa9 


fecoordaDtoe with the law of refraction, sin aoj* /i 
sin nos. If now the angle sob he increased, Aor 
will go on increasing nntil sin aofbI, and the* 
refracted ray passes along od. When this is the 
case, the ray in the dense medinm makes an angle 
BOO with the normal, such that 
/I sin BOG » 1 
sin BOG = i- 

This angle bog is termed the Cbitical Angle. If 
a ray make an angle with the nurmal greater than 
the critical angle, as at ho, then it suifers Total 
INTEUNAL Reflection along a line ok;, and does 
not emerge into the upper medium at all. See algo 
Kbecting Tbism. 


Critical PresBiire (^Phys.) The vapour pressure 
of a liquid which is at 'its critical temperature (q.v.) 

Critical State (^Phyg,') The condition of a sub- 
stance which is at its critical temperature and 
pressure. In this state the liquid and gaseous forms 
of matter merge into one, a very slight rise of tem- 
perature making the substance gaseous, and a very 
slight reduction of tempo rahire causing partial con- 
dcfisation to a liquid ; also in this state both liquid 
and vapour have the s.T.nie density, and the latent 
heat of vaporisation disappears. 

Critical Tem|i|erature (Phyg.") The temperature, 
above v^hich it is not possible to liquefy a gas by 
the application of pre.ssiire, however great ; in other 
words, the temperature above wliich the substance 
is absolutely incapable of existing in the liquid state. 

Critical Volume {Phyg.) The specific volume, 
the volume of unit mass of a substance when at 
its critical temperature {q.v.) 

Grizzling {Olasg Manu/ae.) Damage caused on 
the suj face of glass by using cold tools whilst it is 
being manufactured, 

Croocin Scarlet. Sec Dyes, and Dyeing. 

Crooidolite ( M'vn.) A, pseud omorpli (q.v. ), in quartz, 
of a variety of Iiornblciule (q.v.) with a tibrous struc- 
ture ; it has a blue cOi^iuMf, owing to the pre.'^cnce of 
ferrou.s oxide ; by the change of the latter to fendc 
oxide the mineral becomes golden yellow. It is used 
as an ornamental stone, fctometimes termed Blub 
Asbestos. 


Crock {Pot.^ Utensils of clay of any form are 
called (,rook.s. Crockery is derived from this term. 


Crocket (d rohitect,') A hook- 
shaped Gothic ornament usu- 
ally consisting of half-opened 
leaves. It is used in series on 
the angles of spires, pinnacles, 
etc., and on dripstones to doors 
and w indovvB. Tlio earliest, and 
perliaps the finest, examples are 
found in the later part of the 
Early English period. 



Crocodile Sheare and 
Squeezer. (J/et,, See 

Allioatob Shears, etc. 


ClUK'KEl. 

Eahly ENcnasH. 
Balibuuay Gataedral. 


Groboistte Chromate of lead, PbCrO^. Lead 

oxide =■ 68‘9, chromic acid = 31*1 per cent. It occurs 
in reddish-yellow crystals of the Monosymmetrio 
System. It is now a rare mineral. From Siberia, 
Hungary, and the Philippine Islands. 

CroBtleidi iArohiiectf eteO ^ Pbbhxstobio 
Abchitectubb. 


(hpop Hides {Leather), Well growB heller or ox 
hides tanned whole with oak bark, chiefly used by 
country cobblers. They have been largely sopeiSfiided 
by Butts and Bbndb. 

Cropped ( Bind,) Said of a book that has had its 
margin cut down too much. 

Cropple {Olagg Manufao,) An iron instrument 
used tox conveying a cylinder of glass to the flattening 
stone. See Sheet Glass and Glass Man UFAcrtmB. 

Cropping {Bng., Met, etc.) Cutting the ends of 
bars, rails, etc. ; especially cutting iron bars into- 
lengths suitable for making into a fagot {q.v.) 

( Woollen Mannfae.) Relates to the removal 

or shortening of the nap, pile, or fibre on the face 
of the fabric, by cutting. The work is done on the- 
cropping or cutting nnicbine. 

Crore. Ten millions = one hundred lakhs. 

Crosier. See Cbozieb. 

Cross (LJnff.) A name applied to various objects 
whose form is that of a cross ; e,ff. a four-armed 
support used in foundries for raising heavy weights : 
a connecting piecje for four pipes or rods which 
meet at right angles, etc. 

(Her,) This is one of the ordinaries; it ie 

formed from two other ordinaries — the pale anti tlm 
fe.ss. If not otherwise determined, the cross is placed 
in the centre of the field, and extends till it meets the 
outer edges of the shield. The cross exists in many 
forms. Gwillim enumerates 39 varieties ; Leigh, 46 ; 
Edmondson, 109; and Robson, 222. The following 
ar(i among the principal varieties : — Anchored : With 
the limbs terminal ed in anchors. Avellane: With 
filbert husks at tlm ends of the limbs. Boton^e or 
Trefit\r : Has trefoils at the ends of the limbs. 
BotonAe Fitehee : The same as boioji6e, but with the 
lower limb pointed, ( 'a! vary : A Latin 
cross on stops or on degrees. Cercelee 
or RcverceUe : The ends of the limbs are 
floriated. Champain or Pointed: The 
ends of the limbs arc pointed. CUclii^e 
or Frdee : With a blunt arrowliead 
at the end of each limb Couped or 
Jlwmettee : When the end of each limb 
is cut off square, so that it does not Oleciibb. 
reach the edge of the sliield. Crogglet: With each 
limb crossed. Cnisilly or CrvHU: Several crosa 
orossilets on a field. Deyraded: A Latin cross on 
steps (usually three). Eitgvailed : The 
lines of the cross engrailed. False: 

See Voided. Fimbi-iated : With a 
narrow border to each limb. FitohSe: 

W ith the lower limb pointed. Plcxirie : 

AVith the end of each limb formed 
iiito a fleur-de-lis. FlevreMe : With a 
fleur-de-lis attached to the end of 
each limb and not forming a part of 
it, as in the last. Formee : See J’at6e. Fourche*' : 
A cross moline with the curved ends ol the fors- 
de-moline cut off. Fylfot: A cross 
Cramponn^. Fylfot. ^?w^.'With 
limbs of equal length. Jlumett6e : Sje 
Couped. In Cross : Wlmn charges 
are arranged crosswise. Latin : V ith 
the point of intersection placed above 
the centre of the shield, and the 
three upper limbs of ^tho same length, 
but the fourth much longer. Maltese,^ 
or Cross of Fight Points: A variety of cross patf'e 
in which the wide oxtremiries of the limbs are 
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notched or indented. This was used by the Knights 
Templars and Hospitallers. Moline ; With the ter- 
minations of the limbs formed of fers-de-moline or 
mill-rinds. Nowy ; At the centre is 
a rounded disc which shows between 
the intersecting limbs. On Decrees: 

See Calvary, Passion : A Latin cross 1 
oouped. Patie or FomUe : The limbs 
are wedge shaped, with the apex at 
the intersection ; they are of equal 
length, and do not reach 11 ic edges 
of the shield. Patee Fitchee : A 
cross pat6e with the lower limb i)ointod. Pntonce : 
The limbs are not drawn with parallel lines, but 
gradually tapering to the intersection; the ends 
are ilorlated. Patriarchal: A cross 
with the upper limb crossed by a 
bar shorter than the central limb. 

Pointed : See Champain. Pamnue or 
PooimeUe: With a ball at the end of 
each limb. Potmt ; With a bar at the 
end of the limb at right angles to 
the limb, anti of the same length as 
the limb, called after the fur of that 
name. Potent Fitchee : A cross ptjtent with lower 
limb pointed. Potent Quadrate: A cross potent with 
intersection as in Quadrate. Quadrate: When the 
centre is square, not round. Quarter 
Pierced: A small square hole at the 
Intcjrsection of the limbs. Quarterly 
Piererd : The whole of the intersection 
is removed, the limbs only touching 
and not crossing. RaguUc : When 
the liml)S are bounded by lines ragul6. 

JUi/awuint. : With rays of lipht .sprinsr- 
ing from the intersection of the limbs. 

Jleeercelce : See Ccrcol6e. Salt i re ^ or Crons of St. 
Andrew : Formed by the intersection of a ))end with 
a bend sinister, similar to a capital X» known as 
the Cros.s of St. Andrew; it extends 
to the edges of tlie shield. Tan or 
Crons of St. Anthony : Has no u])per 
limb'; it resembles a T, tlie Greek 
equivalent being Tau. Trefce : See 
JBoton^e. Undee : With the border 
lines und6. Urdee : See CJecIi6c. 

Voided or False: When the entire 
centre of the limb.s is cut out, only 
the outline being shown. Voided throughout: 
When the voiding is carried to the ends of 
the limbs of the cross. Wavy : With the border 
lines wavy. National Orossls : — Fngland : Cross 
of St. George : A red cross on a white ground. 
Scotland: Cross of St. Andrew: A diagonal white 
oross on a blue ground. Ireland : Cross of St. 
Patrick ; A diagonal red cross on a white ground. 




POTEXT. 


Cross, Arohiepiscopal. See under Crozieb. 

Cross Band ( Woollen Manufao.) Applied to yarns, 
and meaning that the twine in spinning has been 
inserted fn^m right to left. See Open Band. 

{Lace Manufac.) Breadths f»f lace made 

crosswise of the lace machine. Good effects may be 
obtained by this method, but the length of each 
breadth is limited to and determined by the width 
of the machine. 

Crossbow {Arms). A missive weapon consi.sting of 
a bow fixed to a grooved stock or barrel which held 
the missile, and a mechanism for bending the bow\ 
some of the largest being furnished with a windlass 
for this purpose. It was the favourite weapon of the 
^noese, and was also used by the Swiss, the French, 


the Germans, and the Chinese. In England it was 
superseded at an early period by the handier and 
‘ more deadly longbow, which could be fired four 
times as quickly. The missile generally used with 
the crossbow was the square-headed bolt or quarrell. 

Cross Bred ( Woollen Manufac.) A term applied 
to medium-stapled wools, and indicative of the 
crossing of fine and medium wool sheep, etc. 

Cross Course {Mining). A .vein running into or 
out of another one at an angle. 

Cross Cut Chisel {Fng.) A narrow cold chisel. 
See Cold Chisel. 

Cross Cut File {Eng.) See Double Cut File. 

Crossed Arm Governor {Eng.) Governors. 

Crossed Lens {Light). A biconvex lens in which 
the curvatures of the two surfaces are unequal. 
Tliis construction can be made to give less spherical 
aberration {g.vf than that j^roduced by a biconvex 
lens whose surfaces have the same curvature. 

Cross Girders (Eng.) Short bars or girders 
acting as side struts or ties between two longer 
giixlcrs. 

Cross Hatching. Engraving or hatching a surface 
with series of ])arallcl lines, one series crossing Wie 
other. Jn drawings and engravings shading is 
effected by this method. 

Cross Head {Eng.) The structure fixtul to the 
end of a rod to whicii the connecting rod and 

the slide blocks {(j.t\) are attached ; also a bar, plate, 
etc., fixed to tlie end of the plunger of a hydraulic 
press or ram. 

Cross Heading (Mining). A drift or passage 
from one level to another for ventdating purposes. 

Crossings {Eng.) Spaces leit. in the rails when 
one of lines crosses another on a milway ; they 
allow the flanges on the wheels to jiass through 
when a train is running on a set of rails which crosses 
another set at an angle. 

Cross Magnetisation {Elect. Eng ) The ^produc- 
tion of magnetic lines in the armature of a dynamo 
or motor, diio to the current flowing through its own 
coils; inside the iron of th«’'^mature these lines are 
approximately at right angle.s to the lines sent through 
the armature by the field magnets. The effective 
field in the air gap acting on the armature con- 
ductors is the resultant nf the cross field and the 
<irigiual field, and is etiuivalent to a rotation of the 
original field in the dirc<dion of motion in the case 
of a dynamo, and in the opposite direction in the 
case of d motor. Tf there be a lead to the brushes, 
a demagnetising effect will also be iiroduced. 

Cross, Monumental. I'he eleventh century saw 
the commencement of the use of these on grave- 
stones, sometimes incised, .sometimes in low relief. 
Examydes are still extant of the plain linear cross, 
but more ohen it was adorned with fioriated orna- 
mentations on the upper limbs, and the elongatetl 
shaft was generally enriched. When monumental 
brasses were introduced, some bore the cross, either 
ydain or sometimes showing elaborate enrichments, 
with or without figures kneeling at the ba.se or 
within the opened out lieads or at the intersection of 
the upper limbs of the cross. Initial CrosHes are to 
be found at the beginning of monumental inscrip- 
tions ; a plain Greek cross was generally used. 

Cross, Pectoral. A cross worn on the breast by 
high ecclesiastics and roval personages. Notable 
examples : Kt. Cuthbert’s Cross at Barham, Dagtnar 
Cross in Denmark. * 
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Cross Section. (1) A cut across any object at 
right angles to its lon^h or to some other specified 
line, (2) A drawing of such a section. 

Cross Slide {Eng^ The part of a planing machine 
which carries the tool box, and along which the 
latter can be moved in a direction at right angles 
to the traverse of the table of the machine. 

Cross Tongue {Carp, and Join,) A tliin slip of 
wood with the grain at right angles to its length. 
It is used to form the tongue in a tongued and 
groovefl joint when extra .strength is required. 

Gross Tubes {Eng,) This term is usually applied 
to tubes running horizontally through the firebox of 
a vertical boiler. Err Boilers. 

Cross Wind {Woollen Manufae.) A method of 
winding the yarn on to a bobbin, with a short cross 
traverse. 

Crotal {Arelmol,) An ancient rattle, or castinets 
made of bone or wood. Used perhaps as an accom- 
paniment to dancing. 

Crotchet Soo Notes. 

Croton Compounds ( Chew.) Crotonic Aldehyde, 
GUjitUl : CIT . tdiO, a liquid with irritating odour and 
boiiing at ICVr, is obtained by the condensation of 
aldeln do on heating wd Ml zinc chloride. On careful 
oxidation it yiekbs Orotonic Acid, an acid capable 
of existing in two stcrcoibomcric forms. iSeo 
STEREOISOM KRISM. 

riL.o.H 

■ II . 1 , 

no . oooH nooo . c . h 

The ordinary form melts at 72^ 

Croton Oil. A powerful irritant drug obtair'^d 
from the seeds of Croton Tlgllmn (order, Euplior- 
hiarece) b}' pressure. Tlic plant is a native of the 
Kast Indies. 

Crowbar. A long bar of iron with a claw at one 
end. Sometimes the end is llatton(*d or clii.sel-like, 
without b«'iiig formed into a claw. Used as a 
werlgc or Icier for a \aricty of purposes. 

Crown. Originally a crown was a wreath com- 
pO'*ctl of floivers, or of laurel, ouk, olive, etc. 

Such crowns were aiiarded by the GrcMiks and 
Bomans to victors in public games and to citizens 
who had greatly biinetitcd the State. Eventually 
such crowns were made of gold. In modern times 
the crbw'n is the badge of .sovereignty, and forms 
the covering for the 'licjid of a monarch on State 
ooca.'^ions. The English crown con- 
si>ts of a cincture of gold adorned 
with precious stone.s, and having alter- 
nately four Maltese cro.sses and four 
fleurs-de-lis. From the crosses spring 
arches, surmounted at the point of 
intersection by a mound and cross. 

The crown so formed encloses a Tiik English 
crimson velvet cap having an ermine hovAi* Crown-. 
border. Coronets {q.v.) arc without the arches. The 
crown of Charlemagne, which is still preserved in 
Vienna, is comjiosed of eight plates of gold varying 
alternately in size and connected by hiugc.s, the 
larger plates being jewelled and the smaller ones 
ornamented with enamels. The front plate of this 
crown is surmounted by a cross. 

Her, The heraldic crown has various forms, 

and generally has one or more arches. The earlier 
form of crown diflered only slightly from the coronet. 

{Build,) The higlmst part of an arch. 

See Abch. 



Crown Glass. This is now used principally for 
mosaic picture windows, the varying tints of the 
circles or sheets, due to its irregular thickness, 
being an advantage, and the necessity of flattening 
is avoided. It has a more brilliant surface than 
either sheet or plate glass, but owing to its method 
of manufacture’ the surfac.e is nut .so regular, and the 
diameter (the sheet is circular) does not exceed 
70 in. The bulFs-eye in the centre further reduces, 
to a considerable extent, the size available for use. 
Sec Glass Manufacture. 

Crown Leather. Known also as Pbellek's 
Leather and Helvetia. Made first, fifty y^nrs 
ago, by Preller, and stamped with a crown. The 
leather is pn'pared by drumming {q,v,) hides in 
mixture of oil, fat, flour, and salt. Used for belt 
laces and light belting. 

Crown Wheel {Eng.) A toothed wheel with the 
teeth at right angles to the plane of the wheel. 
Used in certain cases instead of bevel wheels for 
connecting two .shafts at right angles. 

Crow Step Gable {Architect.) See Corbie Step 
Gable. 


an:hbi3h«])is^Q:^ 

mounted by a j 

®cro.ss, I 

Crucible? iVc/a/- j 

Inrgg). A pnt 1 

in which melting 

operations are j 

carried on. Made | 

of some fonn uf Ckozikj* ok * 

porcelain, fire- Paktoiial biAiK. Aiuujfu'it.copAL 

clay, magnesia, Tiiikteentii Century. Citosb. 

plumbago, gra- 
phite, lime, or a special refractory mixture. A good 

crucible should with.^tand the highest temperature to 
which it is liable to be subjected, without fusion. It 
should also bear any sudden ehunges of temperature 
without fraiiuro, and be unacted on by tlio materials 
wliich it m.ay contain. For certain chemical purposes 
small crucibles arc made of platinum. 

Crucible Steel {Eng.) Cast steel {q.v.) made by 
the ccmcnUit ion process. 

Crucible Tongs (Jfet., Chem, etc.) Tongs with 

jaws suitably shaped for lifting crucibles. 

Crucifix. A figure repre.senting the dead or dying 
form of Christ on the Cross. 


Crude Carbolic. Ser Gas Manufacture : Coal 
Tab Distillation. 


Crude Oil. See Gas Mancpacturk : Coal Tar 
Distillation. 

Crup Butt {heather Manvfac,) The crup is a 
small portion of the horse hide. It is cut from the 
portion over the loins of the horse, is more water- 
proof than the other part, and on account of its 
greasy and soft nature is value ble for the uppers of 
boots, especially .shooting or fishing boots. 

Crushing Strain {Eng.) A strain caused by 
simple compression. 
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CrUBt of the Earth iOeci.) A teim applied, 
somewhat vi^uely, to such parts of the earth’s oater 
envelope as are accessible to human observation, or 
which there is reason to think are represented by any 
kind of rock now appearing at the surface. 

Cratch (doekSt etc,) The lever Used to the verge 
or pallet arbor (j.r.) of a clock for the purpose of 
conveying energy from the pallets to the pendulum. 

Cratch-head. (Rer,) Known as Potent (fj.v,) 

Crutcher {Chem,, Eiig,) A wooden plunger used 
to agitate soap in the cooling frames. The act 
of “crutching” prevents the soap separating into 
two liquids, and also incorporates the materials 
used for “ filling ’* (r/.v.) Special crutching machines 
are now made on the Archimedean screw principle, 

Gryohydratee {Phys., ChemJ) If a solution of a 
salt be made of a particular strength depending on 
the jiature of the salt, and this solution be cooled 
to a particular temperat-ure also depending on the 
nature of the salt, the whole solution solidifies ; the 
solid thus produced is calU^d a Gryohyduate. At 
one time cryohydrates ■were Ihouglit to be definite 
compounds, but it is now known that they are only 
mixtures. The cryohydric lempei-iiture is the lowest 
that can bo obtained by mixing tlie two components. 
For water and salt the proportions arc 76*2 to 23*8, 
and the cryohydric temperature is —22'’. 

Cryolite (Mhi.) A fluoride of aluminium ami 
sodium, 3XaF . AIF^. Aluminium = 13, sodium =32*8, 
fluorine — 54*2 per cent. It is a white laracllated 
mineral with a perfect cleavage; small fragments 
fuse easily. It is a source of aluminium, and is also 
used in the manufacture of a porcelain glass. It 
comes chiefly from West Greenland. * 

CryophoFUB. A I)iece of apparatus to show that 
water becomes cooh;d by its own evaporation. It 
consists of two glass bulbs connected by a glass tube. 
This is partly tilled with water, which is boiled to 
expel air and then sealed up wliile .steam is issuing. 
To use it, the water is collected in one bulb and the 
empty bulb placed in n freezing mixture ; then the 
rapid conden.-ation of vapour in one bulb sets up 
rapid evaporation in the other, w ilh the ic.sult that 
the water falls in temperature until it freezes. 

Crypt A chamber in a building below 

the level of the ground. 

Crystal {Min.) A crystal is a geometric solid 
composed of a substance of definite ccmiposition, 
witli a definite internal arrangement of the mole- 
cules. Crystals are, in tlie great majority of cases, 
bounded by plane surfaees called Faces; each 
.geometric figure or Form, many of wliich may bo 
combined in tuie crystal, consists of two or more 
faces. For the vaiious types of crystals, sir Systems 
or Crystals. 

Crystalline Rocks ( Geol.) Strictly speaking, this 
term may be a})piitMl to arjy rocks in which a 
crystalline stnu-ture can be made out. ^loro usually, 
however, the term has now come to mean rock other 
than the normal or unaltered forms cjf stratified rocks. 
Thus gneiss, erranite, diorite, and various oilier rocks 
of eruptive origin, as well as schists, are understood 
to come under this designation. 

Crystallisation. Tite process of formation of 
(ifystals iq.v.) The material must, as a rule, be in 
the liquid state, thus permitting a free movement of 
the molecules, w-hich can then take up the definite 
regular sxraagement which is an essential feature of 
.a crystalline substance. 


Crystallites {Min.,, etc,) A convenient detdgnatloa 
for the embryo stages of development from which 
crystals of * rock-forming silicates afterwaids arise. 
In an arrested stage of development crystallites are 
often met with in eruptive rocks of vitreous structure. 

Crystallographic Notation (Min.) The method 
of indicating tue relation of a given crystallographic 
form to the axes of the crystal. There are many 
different notations ; the one most used now is 
Miller’s, in which the indices are integral numbers 
proportional to the reciprocals of the various inter- 
cepts on tlic axes. 

Crystallographic Systems {Min,, etc.) See 
SystExUS of Crystals. 

Crystallography. The science dealing wdth the 
forms and nature of crystals. See Systems OF 
Crystals. 

Cpystalloids (Phys.) Ilodics capable of rapid 
diffusion when in solution, as opposed to CoLLOioa 
(q.v.) The majority of them can be crystallised ; 
hence the name. ^ 

Crystals, Systems of {Min., etc.) See Systems 
OF Crystals. 

Cb {(licm.) Symbol for Caisiiim (q.v.) * 

Cu {Chem.) Symbol for Copper (q.v.) 

Cube. A regular solid whose faces are six equal 
squaris. 

Cubebs (Pofany). Piper cuheha{oT(XQr , Ptperaceai), 
The drug is, like pc|)|>er, the dried iinniie fruit. 

Cubic Space {Jiygivm, Ventilation). The cubic 
capacity ol a room is aseei tairied by multiplying the 
length by the width and then by the height. It is a 
fallacy to SQppc»se that air spa(;o does away with the 
necessity for the renewal of air. Fveii the air of 
the largest rooms will in time become vitiaterl. 
Basing cal(!uliUi<uis on tlie amount of carbon dioxide 
exhaled "per individual per liour, it is fouml that 
each })enson lequires 3,000 cubic feet of air during 
that ]>eriod. The free air space providetl for each 
person should be not lei^s than 1,000 cubic feet, 
]*ro\i.sion also being made for renewal of the air 
throe times in tlie liour. Cja^>rtiiiKitei;y this standard 
is not often reachtd. The following sliowsthc cubic 
s])ace per individual in \arittus i)laces : 

Schools .... ] 30 cubic feet per head. 

Common Lodging Houses 300 „ „ 

Factories and \\'orkslio[Js 2.50 „ ,, 

Barracks .... GOO „ , 

In hospitals a much greatiT amount of cubic space 
should be allowed. 

Cubic System (Min.) Oue of the crystal systems. 
Also calkMl iBOMETKic, I'esskral, llEOULAR, and 
Monometric. In it there are tliree axes, all equal 
and all at right angles, .so that no one can be 
regarded as the principal. There are nine planes of 
symrnetri . Sre Systems of (/rystals. 

Cucurbit {Chein. Eng.) The body of a still: the 
belly of an alembic or rerort. 

Cuir Bouilli, Cuir Bouilly. Boiled leather. The 
term was sometimes aijplied to leather armour iiised 
in the Middle Ages. Cuir bouilli w'as often orna- 
niente<l by impression and manufac-tured into various 
articles of dre.ss. In the sixteenth century it was 
used for hangings for rooms, and tvben decorated 
with gold or silver was known respectively as CuiB 
Dohe and CuiB Aboente. 

Gullet ( Glass Manufac.) Waste glass from broken 
articles, etc., used for jnixing with raw material to 
aid f nsion. * 
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Ciilm (Botany). The jointed stem of certain 
such as grasses, A sTnonymons term is 

HAUtM. 

(Geol.) A local name for an impure form of 

coal found in the Carboniferous rocks of Devonshire. 
The rocks in which it occurs are often called the 
Onlm Measures. Some of its members are true 
radiolarlan cherts, formed in deep sea water. The 
stratigp:aphical position of the Culm Measures may 
be near the top of the Yoredale Series. 

(Mining), Waste coal mixed with rubbish. 

CulYert (Oioil Bng,) A small tunnel for carrying 
water. 


Ca^ene (CJiem,), CqH5 . CH 


/ 


OH, 


\CH, 


(Isopropyl ben- 


zene), a csolourless liquid boilinf? at 163”: dilute nitric 
acid oxidises it to benzoic acid. It occurs in coal 
tar, I’ropared by action of isopropyl bromide on 
benzene iu presence of aluminium chloride. 

Camnlo StratUB (MHrorol.) Clouds. 


Cumulus (jlfeteorol) See Clouds. 

Cup. An ornamental vase, with or witlioiit liandles, 
mounted on a foot. Originally intended, to drink 
out of. 

C Cycle). The hollow piece which forms the 

ball race of a ball bearing (</.?*.) 

Cup and Ball (Gasjitiinif). A universal joint on 
the ball and socket principle, used for hanging gas 
pendiints. 

Cupboard. An arrangement of shelves sometimes 
enclohod witli doors. Of great variety of form, and 
varying from a few simple hoards fastened in a 
recc>s to elaborate carved j)ieces (.»f furnilure. 


Cup Chuck, Bell Chuck (AXv-) A chuck with a 
cylindrical liollow, into which objects to be turned 
are driven, and held in the hole by friction, b\ 
wedges, or by set-sorews passing tlirongh the wall of 
the chuck. Chielly used for light work or for orna- 
raeiilal turning. 

Cupel (Aamyiny^ CJtcm., rfr.) A small shallow dish 
of bone ash or sruiic oilier absorbent material, used 
when tho operation of C;TT1 ‘i:j.latiox is con- 

ducted on a small scale. 


Cupellation (yissnyivy^ etc.) The j)rocess 

of separating a metal from others more readily 
oxifiiscti, by heating with exposure to air on a hearth 
made of sumo porous material wliieh will absorb all 
or part of tho oxides produced, while the metal it is 
desired to obtain remains as a fused regulus at the 
bottom of the hearth. Sucli a porous hearth is called 
a cupel, and is made of bone ash or a cheaper 
substitute (mixture of clay and limestone). An 
example is the separation of silver from lead. See 
Lead. 

Cup Leather (Bng.) A leather ring, produced by 
forcing a flat ring of leather into a mould until its 
cross swtion becomes the shape of letter U. Used 
as packing for the pistons of pumps and hydraulic 
rams. The material is technically known as Hv- 
DRAULIC LBATHEH (q.V,) 

Cupola (Architect,) A curved or cup-.shaped roof, 
covering a square, polygonal, or circular chamber. 
This form of roof is also known as a Dome (q.r.) 

— — (Met.) A cylindricallron furnace lined with 
firebrick : used for melting cast iron in the foundry. 
It is worked by means of a blast, and has the necessary 
openings for introducing the charge and for with- 
drawing the Blag and fluid metgjL. 


Cupola Blait Fumaoo (MetaUwrgy). . A small 
form of blast furnace built with an external, iron 
case, like a cupola. • 

Cupric Compounds, Copper. Se$ Cofpbb Com- 
pounds. 

Cuprite (Min,) The red oxide of copper, Cu/). 
Copper = 88-8,t3xygen =* 11'2 per cent. It crystallises 
in octnhedra of the Cubic System, but is also found 
massive, earthy (Tile Obe), and in capillary crystals 
(Ghalootbichite). It is worked as an ore of- 
copper. Good crystals have an adamantine lustre, 
are translucent, and of a deep ruby red colour. 
From many Cornish mines, Devonshire, Spain, 
France, Siberia, Lake Superior, AustnUia, etc. 

Cuprous Compounds. See Copfeb Compounds. 

Cuprum, Cupric, Cuprous. Cuprum is the iMm 

name for copjxjr, and from it is derived the symbol for 
Copper, Oil. Copper forms two Series of salts : those 
c;ontaining more copper are called cuprous, tnose 
containing less are called cupric, salts. See Coppee 
Compounds. 

Curare or Curara (Botany, Ckmn.) The well 
known arrow ijoison of South America ; is obtained 
hy maceration of tlie bark of Strychms toxifera 
(order, Loqaniacne). UMidin medieiiu*. It is said to 
contain an alkaloid termed CUBASlNE, but this is 
Ijrobably not a single substance. 

Curator. A person iu cliarge of a picture gallery 
or museuTn. 

Curb (Pan^i^ (1) The horizontal timbers under 
the sill of a lantern light. (2) The plate .to which 
the feet of the top rafters and the top ends of the 
lower rafters arc fixed iu a Mansard rof»f. 

(Cinm. Eng.) The upper, conical, or barrel- 

shaped part of a soap-kettle or copper where it is 
widened to prevent boiling over. A h'an Curb is a 
modern form in which tw*o paddle wheels or beaters 
on a horizontal shaft are operated beneath the 
surface (»f the soap by a vortical shaft and bevel gear. 

(Minhiff). The frame used iu sinking a shaft, 

which supjjorth the lining. 

or Curb Ring (Eng.) An annular wheel 

(</.?*.) fixed (»n the bed jdate of a crane and used for 
rotating the orane. 

CuFCumin (('hem.), Orange-yellow 

priMiis raoltiiig at 178" : it i-% the colouring matter of 
turmeric root : obtained from the root by extraction 
with ether after it lias been distilled with steam; 
it is a weak acid. Alkalis turn it brow’n. The action 
of boric acid is characteristic; this acid turns it 
reddish browm. Ifydrochloric acid does not change 
tliis colour, wliiJe acids change the brown produced 
by an alkali back to yellow. 

Curd of Milk (Foode). When an acid is added 
to milk, curds and whey are formed. The former 
consists of casein (the protoid of milk) and fat, 
while the liquid wdiey contains the sugar, salt \ etc, 
The curd of cow’s milk is not so digestible os that of 
human milk ; this may be counteracted by adding 
barley water and lime water to milk intended for 
infants. Cheese ih prepared from the Curd, while 
casein is always present in butter. S^e Cow’S MlLK. 

Cure (Leather ^fanvfac.) A material or solution, 
of a material capable of curing or arresting the 
decomposition of animal hides or skins. The most 
common “cures” in use are salt., arsenic, borUcio 
acid, and compounds of carbolic acid. Sl^ alio 
Dbpickling. 
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(Lecher Trea^Dg (lides ov^ 

fikihs witli a gi>r& (f.v:),. g&ntoill^ fer the purpose 
el pieisetviilg fchefa aunng tranaphrt. , V 

’ \ Cariosities , JvfiJugol.) ' Objfects of interest, 
valued for tlieir aniiqtiity,,; rareness* or costliness. 

Chirl Yarn (Ato^lUn, Mqmfdo^y. *4 compound 
tluead -in wbich one ■ of' the strands is formed into 
enris pr ioops^ ' „ > - 

Gtti^reiit Bedding {^Qedl.') Another term for what 
is toore usually, known a.s* False Bedding or as 
STRATiriUATroN. The rocks in which it 
' npowfs are usually eitljer sandstones or conglomerates. 
^ In all rases the planes of original depi)sitioii were 
, , n«t panullel to the h’ori5»:on. The structure is due to 
deposition by tlic atition of bottom currents. 

'* V Current Density {Elcoi. Enij.) The amount of 
qurrent, per unit of area of cross section of a con- 
, da<Stor. ^ A common rule for determining the size of 
; a donductor is to allow 1,000 aiuperee per srpiare 
inch, but this rc'quires much modilicat ion according 
to the d^pth to which the conductor is covered and 
its facilities for ra<liaiing away the heat produced 
by the passage of the CTirront. Tliis rule only takes 
into consideration the' lieatiiig limit, and is useful in 
jviring buildings. In main conductors for supplying 
current from (;entr!il stjitions'thc current ilensity is 
'■ determined by the perccntjigo loss of energy in them, 
which usually bei;oriies excessive long before the 
"bleating limit is reached. 

Current, Electric. Electricity in motion, flowing 
, from place to place along a coiuhict(T. 

'Currying (Lraihrr Mmtvfar,') A process by 
^ which groise is put into tanned leather to make it 
/ pliable and water resistant. Harness, belting, boot 
up]K?rs, strops, etc., are always curried. 

Curtail Step {CarjK and Join.') A step with a 
♦ scroll end. 

Curtain {(Jhnn. Eng ) The sheet lead portiem of 
a vitriol cliarnbor suspended over the •*. saucer.” It 
resembles a rectangular box suspon<U*d upside down 
over its lid, the lid being the “.saucer.” 'I'he mouth 
of the curtiia is sealed by a layer of acid in the 
saucer. 

Curtain Machine {TAinv Mann far.') a twist Ian* 
machine especially adapted for the production of 
lace curtains. The jwincipal feature is its capacity 
fi.r the reproduction of design on an extensive scale. 

Curule Chair. Soe CiiAiit, CJvuule. 

Curvature. The curvature of a line is measured 
by the Sfecipixjcal of it.s radius of curvature (q.v). 
The curvature of a surface is the sum of the curva- 
tures of two cross sections of the plane, made by two 
[lanes cutting the surface at right angles to each 
other. 

CurYO Ranging {Surveying). Marking out on the 
ground a scries of points through which a cun^e of a 
given radius passes. 

Curves, Magnetic. See Ijnes of Force. 

Curves of Magnetisation {Elect. Eng.) Curves 
showiiig ihe relation of the magnetising force to the 
intensity of magnetisation or to the magnetic 
induction produced by it in any given sample of 
iron or steel. 

CurvllinearikrWMf^^.) One of the periods into 
which Sharpe airided English Gothic architecture. 


%is divi^oit, based bn the^itc^ windows, £1^ aa 
follows: ^ . 


Anglo-Saxon . 
' Norman , 
Transitional . 
Lancet . 
Geometrical . 
Curvilinear 
Kettilincar . 


• 449:— 1066 

1149-rJ190 
JJ 90— 1246 
1245^1iH6 
1316—1860 
1360—1650 


The windows of the curvilinear type Have tracery in 
w'hich the bars are formed into undulating curves 
(flowing tracery) or tracu'ry formed in reticulated or 
netlike forms. ' Ser Decorated and Reticulated. 


CupvilineaF Motion. IMotion along a curved line. 
To maintain suoii moiion of a body a force mfist be 
exerted on it directed towards the centre of curva- 
ture of the curve. If v is the velocity and m the 
mass of the body, and is the rarlius of the curve,. 
v~ 

the force must be equal to in • 

Cushion Capital {Architect.) A form of capital 
used in Norman work. Tlie horizoni rrt section of the 
upper part of this capital i.s squure, to flt the abacus, 
while the lower part is .shaped like a bowl, so as to 
fit a circular shaft. * 


Cushioning {Eng.) The gradual checking 4>f the 
motion of tne piston of an engine by the admiftsion 
of steam or by ihe closing of the exl^qust port ju.st 
before tlic end of the stroke. Cushioning 4s slioi^n 
by the rounding off of that corner of the indicator 
diagram ig.r.) w)\ioh connects the exhau.st and ad- 
mission liiio.s. 


Cushion Tyre {Cycle, etc.) A tyre consisting 
essentially of a very thi(;k-walled rubber tube, 
walls of the tube itself being lUhsk enough to sujijdy 
a certain amount of lesilience without inllaUan’. 
(’ushioq tyres may be said to have boen iiiterthe- 
diate between the old solid tyres and the moduni 
pnmimatii s, but they were always un.satisfactory, and 
are practically extinct. 


The projecting points 


Cusps {Arrhitert.) 
ducing the leaf-shajKid 
fouus or foilh of Ootiih* 
tracers. In the Earlv 
English period, during 
which cusps were ini in- 
duced, thc‘\ were worked 
on the sodit of ihe 
tracery bar or arch, and 
had the appearance of 
having been at la o' ed 
to it as an after- 
thought, In later work 
the inner moulding of 
the bar mljacent on the 
soffit wa.s continued on 
the cusp, BO that the 
latter appears to be 
an essential part of the tracery bar. iSee Foils. 

Cut {Art). A x>rint from a wood block 'is some- 
times called a “ cut.” See Cuts. 
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{Cotton), A woven piece length of cloth. 

— - — {Eng,, etc.) A process of removing metal or 
wood by means of a cutting tool. Heavy” cut, 
“ light ” cut, etc., are usual expressions referring to 
the amount of material removed at a time. 

{Linen Manvfac.) When the yam Is being 

reeled into hanks, the latter are made up of ^mall 
parcels of a hundred and twenty threads, or 300' 



cm 






yards itt 

There are' uaaisMy'^tvi^elve cuts to ^bn6 faax^k, but 
sometimes^Qlidy'teu. Cuts. 

Cui and fttred" Striiig (Join,) A out string 
Ci*v.y used a stairease in lyhioh there are , no 
ornamental braokets to conceal the junction of the 
risers (iy;r.X'with the string. The junction is made 
in this dEEse byrneane of a mitred joint. See aUo 
Ji^TAlBCASKS. 

Cuticle (Bfft^ny), The outer layers of the walls 
of epiderrtfar cells. The original cellulose of the 
wall becomes converted into a strong waterproof 
substance— CUTiN. See Raffia. 

— r- (^Zoology), (1) A thin membrane formed 
by a Secretion (ohitin) of the outer surface of 
many invertebrate animals (example, earthworm, 
crayfish, etc.) (2) The outer or horny layer of the 
epidermis' of tlic mammalian skin. It is composed 
of dead cells, whose protoplasm is converted into 
KebAtin (jg.v.) 

Gutlac (Anne). A sh(jrt heavy sword with a wide 
curving blade* intended rather for cutting than 
thrusting. This weapon was formerly used by 
saijors. 

Cut-Off (AX< 7 .) The point at which the admission 
of stqaiu to a cylindci is slopped. It usually varies 
from a quarter to 1hro(*quartors of the stroke, and 
is (leterinlncd by tin* lap (g.v.) in the case of the 
ordinary slide valve. Varirible cut-off is obtained by 
th6 u.s«‘ of a- separate valve called the Expansion 
Valve in ordinary engines, ox by coutrolling the 
acthin of the admission valves in Corliss engines. 

Cutf (T{fpoth) A term used by printers for illus- 
trations of any kind. 

-J — ( iroollofi Jfaniifac.) The S(;otch terra for 
epunts (g.v.) Galashiids out is a length of 300 yards 
in 24 i and tlu3 Hawick cut the same length 
iir 20 oz. 

Cut String (Join.) A string (g.v.) in a staircase 
which has its ui)por edge cut out into a .«;ucccssion 
oj , rectangular notches, the etlgcs of the notches 
Ireing alternately verlical and horizontal, corre- 
sponding to the risers amt trends (g.v.) 

Xutter (Ihtild.) A soft brick used in gauged 
fflTches. Also terinod a Rubber or Kubbine Rrick. 
Dricks. 

(JJng.j etc.) The actual cutting part of a 

‘machine tool, especially tlie rotating (jutting wheel 
ii.scd in milling, wheel cutting, and similar machines. 

Cutter Block (Eng.y etc.) The holder which 
carries the IdoI. Tlie term is c.specially applied to 
woodworking machinery. 

Cutters (GcoL) A terra f(jr a set of Joints (g.v.) 
cutting through a rock at right angles to the set 
termed Backs (g.v.) 

Cutting (("ivil Eng,) An open trench by which a 
railway, etc., is carried through ground of modemte 
elevation, " Tl)e material of the cutting is used to 
form embankments on one or both sides of the hill, 
giving gradual approaches to the cutting, and utilis- 
ing the material removed without the necessity of 
transport to a distant point. 

(Chem, Eng.) The s^^paration of soap (in the 

soap-copper) from the glycerol and aqueous fluids in 
the half-made or “close” soap, by the addition of 
salt or briue, in wliich the grain soap is insoluble. 
Also terpied Qbaining. 


Jnto 

Tumabe 

CntlEDg Jldgb %ie 

tool Thq angl^ varies with tne- 
material,"' bcin^ "usually mo^t acute 
materials. ' / , , / ' * ;• ' ■!' .V 

Cutting FiUoe (Eng.^ ete.) The suij^^ of ~ 
cutting tool, ‘which serves to turn over of break tbb., 
shaving as it is removed.' . v , 

Cutting Gauge (Cofjf., etc.), A gauge 'for 
thin wood. It rc.semblc.s a markinjg'gaittge.XulJ^S 
a sharp-edged cutter instead ' of a scribiug m /j 

that it makes a cut instead of a ^ratgh on tbf ”, 
surface, and can therefore bo used' f of dividing 
material. ■ ‘ '■*V' ^ 

Cutting Up (Emndry). When fresh sand is to h# 
added for mending a broken b^rt hi ^a tlie 

surface of the broken part is firsfr ibugheh^t^' in ^ 
order that the new sand may adhefe properly. This ‘ 
roughening is termed CUTTING UP. . . 

Cuttleftsh. Sejda qfficimxlU (class, Cej»Knlopnda), 

A naked mollusc, possessing an internal shell ' \ 
Cuttle Bone. The sepia is used as food in many ' 
countries, while tlie “ bone ” forms g. polishing 
material, and the ink bag is the source of the pi^ 
meat Sepia (q.v.) ' ' 

Cuvette (Olats Manufac.) The vessel in which 
molten plate glass is carried to the casting table. 

(Met.) A Parting Flask (q.v.) 

Cyanic Acid (Chem.)^ IICNO. A liquid only 
stable below 0® ; above this it polymerises to a white 
solid called cyamclide. It is prepared by healing^ 
cyanuric acid, HgCj^NjOg. From cyanic acid the"' 
sails called cyanates are derived. Only one form' 
of cyanic acid is known ; but there are two formulae 
j)ossible for it, namely (1) FT J C . OH ; (2) HN : CO. 
Salts derived from form (1) are called CyanATBS^ 
salts £n)m form (2) are called Isocyanates. See 
Tautomebism. 

Cyanides (Chvm.) Salta of hydrocyanic acid 
(q.r.) See PoTASMUM ("VANTDE, under POTASSIUM 
CoAiPOiTNOs, and Mercuric (Cyanide, under Meb- 
CT'RY Compounds. The organic cyanides arc called 
Nitriles (</.r.) 

Cyaniding (Met.) A method of extracting gold 
from “ slirncs ” (q.v.) and poor ores by treating them 
with a solution of alkalinfe cyanide which dissolves 
tlie gold. 

Cyanite (Min.) See Andaltjsite. ► ^ 

C : N 

Cyanogen ((liem.\ | . A coloufless gas with 

C ; N 

chara(jteristic smell; extremely poisonous: some- 
what soluble in water (1 in 4), but the solution 
decomposes, giving ammonium oxalate, a brown 
solid called azulmic acid, and other products. It 
burns with a purple flame to nitrogen and carbon 
dioxide. With caustic potash it gives a mixture of 
potassium cyanide and cyanate. ^ It is obtained by 
heating mercuric cyanide or a mixture of potassium 
cyanide and copper sulphate solutions. 

Cyanotype (Photo.) See Blub Pbint. 

Cyanuric Acid (Chem,% CiHaNgO,, " A white 
crystalline solid readily soluble in hot water and 
in alcohol. When heated it givea ^yanic acid (q*^y 
It is obtained on heating urea. 
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OyathQB (Archaol') A drinking ctip or small 
ladle used by tlie Greeks and Homans for drinking 
wine or for drawing it from the crater (^.».) It 
was idso a measure » about one-twelfth of a pint. 

Cycle. <1) A complete set of physical or chemical 
operations, such as the processes undergone by the 
working substance in the cylinder of an engine. 
(2) A general term for a light vehicle propelled by 
the rider. The legal expression, still frequently 
used in patent specification, is Velocipede.” See 
CVCLEB. 

Cycles. A modem cycle consists of four chief 
sets of parti : (1) the frame, (2) the wheels, (8) the 
tyres, (4) the equipment, which includes the saddle, 
brakes, chain, ball bearings, etc. The frame is 
generally formed of thin seamless steel tubing, which 
‘solid drawn” (fj.r.) There is also a form of 
tube known as “ helical,” 
which is formed from a 
thin steel band or ribbon, 
wrapped into tbe form of 
a tube and brazed at the 
edges. It is immensely 
strong, and is quite dis- 
tinct from tbe inferior 
form of tube known as 
“ Jap welded,” which is 
used in 'some low-grade 
machines. The joints at 
the points where the 
tubes meet or are joined 
together to form the frame are made by means of 
“lugs,” which are “drop forged” in the best ma- 
chines, 1 .^. axe forged as solid pieces from suitable 
steel under a mechanically 
worked hammer. The lugs 
are drilled out to fit the 
tubes, which are then brazed 
in, or in the case of “ flush 
joints ” the lug goes inside the CH 
tube, which is brought up 
close to the head of llie lug, 
thus making a very neat joint. 

The wheels consist of a steel 
rim, which may be cither 
hollow or solid. The rims 
are generally mechanically 
rolled and shaped from fljit 
steel strips; the overlapping ends are brazed to- 
gether and ground until the joint is smcioth and 
imperceptible when enamelled. In the best furm 
the rim is stamped from 
one piece of steel, with- 
out any joint whatever. 

It is then “Spun” into 
shape 'and provided with 
a liner to strengthen it 
and take the tyre. The 
^oke heads are provided 
with washers to prevent 
them puUing through the 
th^n rim. The w heel rim 
is attached to the h\ib 
by means of steel wire 
spokes (about *05 in. in 
diameter), which are in tension instead of being 
adapted merely to take compression, as is the case in 
the wheel of an ordinary vehicla It was the dis- 
co vety of the “suspension” method of building a 
wheel in 1868-9 which enabled a cycle to be m^e 
of the light materials now used ; to if the spokes 






had to be in compi'ession, they would liave to be 
sufficiently stiff to withstand bending, and there- 
fore enormously heavier than at present. The hub 
of a bicycle wheel is shown in figs. 1 and 2* In both 
cases A represents the axle, which dobs not rotate, 
but is fixed by a looking nut K to the fork 3^. The 
rotating portion, or hub proper, is shown in section 
at R, the spokes being attached to flange at 8, 
The hub is bored 
out to a larger 
size than the 
axle, BO that the 
barrel of the 
hub docs not 
come into con- 
tact with the 
fixed axle at all, 
but acts as an 
oil retainer. The 
actual bearing 
surface is pro- 
duced by con- 
t£ict with steel 
balls BB. In 
fig. 1 there is 
a conical collar 
on the axle, and 
the hollow cone o is screwed into the hub until 
there is easy contact between the cone on the axle, 
the ball B, and the hollow cone c, the space between 
these forming the ball race. In the se(‘ond case, 
fig. 2, the cone c is screwed on to the axle, and^ can 
be moved backward and forwjird to make an adjust- 
ment of tbe bearing until the ball B is in touch with 
this and the hollow cone in the hub. In the case 
of the back wheel the chain wliecl or pinion is 
attac,hed to tbe hub itself by a screw’’ thread ; the 
axle is held in a slot in 
the rear fork ends, and 
by means of an endless 
screwr can be djawn back 
in order to tighten the 
cliain. In the front 

wlicHj] the hub turns I'n,. 

freely, without any con- ^ 

trol, on the fixed axle. The lowest part of the 
frame is termed the JtOTTOM Bkackkt, and is 
shown in fig. 8. The crank axle which runs 
through the bottom bracket can turn freely in the 
ball beaxing shown. On to this axle the cranks and 
ihe chain wheel are rigidly keyed. Sometimes the 
crank arm and axle are in one— the other crank 
being secured by a chain attac.hmcnt. This chain or 
Sprocket Wheel is connected by the steel chain, 
which forms the driving band described below, to 
the small chain wheel 
which is fixed to the 
hub of the back wheel. 

In the older type of 
machine, known as the 
Fixed Wheel machine, 
the chain wheel and hub 
must turn together at 
all times ; but in modern machines the wheel is said 
to be “ free,” that is the sprocket wheel, rear pinion, 
chain, cranks, and pedals may remain stationary, 
while the rear wheel runs freely. A form of free- 
wheel clutch is shown diagrammatlcally in fig* 4. A is 
a wlieel or rim which is rigidly fixed to tbe hub, and 
must always turn with it ; it carries pawls or rat^ets 
D ; B is a steel rim provided with teeth 00, and SB are 
the ball healings. The ratchets or pawU D are either 
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^uded tiO drop between the teeth oo of the ratchet 
■wheel by epnngs, or, in the more popular machines, 
.aro actuated by gravity. It is easily seen that if 
the outer portion B remain at rest, the inner portion 
A can revolve in the direction of the hands of a 
e voiock ; but if b revolve, it is bound to carry A with it. 
When the cycle is pedalled, b will be driven V^y the 
.chain in^ such manner that A revolves with it ; 
on ceasing to pedal, the rim b remains still, and the 
machine runs on, causing a to revolve in the same 
direction as before, the pawls d dropping automati- 
cally and passing each tooth in turn. 'J'hus the back 
wlieel of the cycle can continue to revolve, and the 
machine runs on, while the pedals, cranks, chain, and 
the outer part B of the wheel all remain at rest. In 
what is termed the “ clutch ” form of freewheel the 
connection between A and b is made by some form 
of friction clutch ; but this is now being abandoned 
in many forms of machine in favour of some type of 
ratchet wheel, which is more certain in its action. 
Chains : There are two main types of chain, sl)own 
in figs. 5 and 6, In fig. 5 a series of solid bloc'ks aa 
are connected* to side links B by means of pins cc, 
forming what is termed a HiiOCK Chain. In the 
>econd type the side link B is connected by pins CC, 
wltich pass through rotating rollers i>, forming what is 
termed the Eo'lleb Chain. In this foim the friction 
of the chain is diminis iied to a considerable extent. | 
.Friction is further diminished by protecting the 



Fig r.—Ii.^j.A. Ujuj-.a Buaki: fok Oiidiaaky Frame, 

«ohain from du.st and grit.* The best method of doing 
this is to enclose both chain wheels and the whole 
of the chain in a thin metal Gear Case, which 
contains a small bath of oil, through which a portion 
of the chain is continually running, thus keeping the 
whole well lubricated and free from grit. The 
StehrinG riLLAR is the upright rod by whibh the 
front forks are connected wilh the handle bar ; over I 
this is the outer sleeve to which the upper and lower 
frame tubes arc joined ; at the top and bottom of 
this sleeve are placed ball bearings in llic head of 
the machine, and form a practically frictionless joint 
between the frame and front portion of the cycle. 
The pedals also run on ball bearings. By this means 
internal friction is reduced to a minimum. What 
may be termed the external friction — that due to the 
road-^lepends largely on the nature of the tyres, 
which are dealt with elsewhere. See Tybes. •Now 
that freewheels are practically universal, it has 
becjome necessary to give much more attention to the 
subject of brakes. The old spoon brakes, which 
press directly on the tyre, were fairly satisfactory 
for solid tyred machines, or even for pneumatic tyres 
(except in case of a puncture), when the machine 
could also be checked b}^ back pedalling ; but in a 
freewheel machine,' where back pedalling is im- 
|)OS6ible, greater brake power is required, and this is 


usually obtained by using brakes which act ou the 
rims of both back and front wheels. The front wheel 
brake usually carries two blocks on a horseslioe- 
shaped clip, which is drawn upward by the hr&ke 
levers, and presses on the lower (outer) suiiaoeof the 
rim at the top of the wheel. The back wheel brakes 
are generally made to act on the rim alsb, and are 
worked either by a series of levers or else by a flexible 
cable consisting of fine twisted steel wires running 
through a tube, as in the Bowden brake. By this 
plan, now largely employed in mechanics, power can 
be taken round corners by a (seemingly) slack wire 
without loss. In other cases the back wheel carries 
a drum about 5 or 6 in. in diameter, on wfadoh a 
band brake acts. This may be worked either from 
the handle bar or by mechanism connected by the 
c;rank shaft, so as to be brought into play when 
slight back pedalling is exerted. Other varieties of 
back pedalling brakes are also fitted ; but as a 
general rule a good rim brake on the back wheel, in 
conjunction with the front, is more simple and ^so 
more reliable than those devices. Tricycles: The, 
modern tricycle is almost invariably built with a 
front wheel fork and frame arranged as in the 
bicycle ; the back fork is widened out to carry the 
long axle on which the two back wheels turn. 
The only important mechanical difference between 
the bicycle-and tricycle, tlien, consists in the addition 
of what is termed “Differential Gear” (^.r.) placed ih 
the centre of the axle. Tliis enables one wheel to turn 
to a cerGiin extent inaependently of the other when • 
the machine is describing a curvWl path, e.tf. turning 
a c'orner; but when the machine is going straight 
forward, the differential gear transmits the motion of 
the chain to both wheels equally. See also MOTOB 
Cycles, Speed Gears, and Tyres. 

CycloiDoter. A .small instrument for recording the 
distance run by a cycle or car by registering the 
number of revolutions of the wheels. The instru- 
ment contains a train of gear wheels, and a dial (or 
other indicator) usually graduated to read directly 
in miles. 

Cyclone {yfeteorcl,') A system of winds in which 
the ciirrenis are cirimlating in a direction opposite to 
the hands of a watch ; it is also an area of barometric 
depression, which becomes greater as tlie centre of 
the area is approached. In an Anti-Cyclone the 
motion and conditions of pressure arc the opposite 
of those in a cyclone ; the atniuspheric pressure is 
greatest in the centre, and tlte air currents are in 
the direction of the hands of a watch. The whole 
system usually has a motion of translation. 

Cylinder. (1) A geometrical solid produced by 
the revolution of a rec tangle about one edge. (2) In 
engineering, a solid of this form, and also a vessel 
containing a cavity of the form of a cylinder, 
especially the cylinder of an engine. See Bteam 
Engine, etc. 

{Lace Majmfac.') That part of the Jac- 
quard which presents eacli card in succession to 
the needles, it may be either square oF hexagonal 
in shape, and of either wood or brass, each face or 
side having sufficient area to embrace the number of 
needles used, every needle being represented by a 
corresponding bole in each face of the cylinder. 
The lioles in the card must be in perfect register 
with the boles in the cylinder, and the needles with 
both. 

( Watches'), The hollow cylinder on which is 

mounted the balance of the “ horizontal ” watch ; it 
acts both as balance staff and pallets 



CYIi 


148 


DAG 


CylindeF Bit. A long bit or drill with a cutting 
edge parallel to its axis, nseti for boring very accurate 
holes ; a shallow cavity is first formed for entering 
the bit. 

Cylinder Bore (Brig,) The internal diameter of 
the cylinder of an engine, etc. 

Cylinder Cover {Bng,) Circular discs of cast 
iron, which may be flat, ribbed, or “dished” 
forming the ends or covers of the cylinder of an 
engine. 

Cylinder Flanges {Bng.') Rings cast on a cylinder 
to which the covers arc bolted. 

Cylinder Lubricating Oil This must be 

a good lubricating oil, Avhich will not corrode the 
cylinder nor gum, or form a deposit due to decom- 
position by the steam or other heated gas in the 
cylinder. Some mixture of mineral oils is usually 
superior to any animal oil. 

Cylinder Lubricator iBng.) A device for ad- 
mitting oil to the cylinder for lubricating the piston. 
In gas engines a mechanical dc\ice is necessarj*' for 
keeping up a constant supply of oil. In high-speed 
engines, which are often made single acting (^.n), 
the crank is enclosed in a chamber containing oil. 
This communicates directly with the cylinder, so that 
when the crank rcv'<ilve.s, it distributc.s the lubricant 
over the crank bearings, connecting rod, and the 
bore of the cylinder. 

Cylinder Metal {Eng.) Iron which when polished 
has a low coefficient of friction, a>, Hlippeby Ikon 
{q.v.): used for cylinders and any surface of cast 
iron where much friction occurs. 

Cylinder Passages (Eng,) The openings or ports 
by which steam enters or leaves the cylinder of an 
engine. 

Cylinder Press (Tyjwg.) A printing macliine in 
which the irnpicssion or printing is executed by 
means of a cylinder instead of by a flat surface or 
platen. Double Cglindern pvint both sides of the 
paper at one operation. See rniXTixc. 

Cylindrical Gauge (Eng.) Tills consists of a 
cylindrical block whic.li tits exactly into a turned 
collar or ring; used a.s a standard for tlie actmrate 
rei>rocIuciion and measurement of turned objects, 
and as a standard of measurement in certain other 
cases. 

Cylindrical Lens (JAglif). A lens whose boundaries 
are jiortion.^ of cylin(lrical surfaces with jiarallcl 
axes; one surface may be of infinite radius, i.e, a 
plane. They are used in spectacle work to correct 
certain defects of vision arising from an abnormal 
fonn of the eye itself ; also in spectroscopic work to 
convey a parallel beam of light to a lino-focus. 

Cylix, Kylix. A rather 
broarl and shallow cup 
with two handles and a 
stem, used by the ancient 
Greeks ; a Tazza. 

Cyma (Arclutect,) A 
compound moulding 
formed by the conjunction 
of fi cavetto and an ovolo. 

It is also know'n as the 
Ogee. There are two 
varieties: the Cyma 
Becta, in which the ovolo 
b below the cavetto; and the Cyma Hevebsa, in 
which the cavetto is l^low the ovolo. 



Cyma Biscta. Otma Bkvgusa. 


Cymatium. A small moulding usually crowning 
another feature. Each of the following features is 
usually known as a cymatium : The upper mould- 
ings, generally a fillet and a cyma reversa, of the 
abacus of a Roman Doric capital; the crowning 
mouldings of the architrave of the Ionic and 
Corinthian Orders ; the moulding capping the horizon- 
tal cornice under the tympanum of a pediment. 
See Column ; Aechitkctube, Ordbbs op ; Ionic ; 

Com NTH IAN; and PEDIMENT. 

Cymbal. See Musical Instruments, Percus- 
sion (Indefinite Sound). 

(i) yCTlj, 

Cymene (Chem.\ (ni.C (1 methyl 

(4)\ci1(CH,)s 

isopropyl benzene. Liquid : boils at J75® : pleasant 
smell. Jt occurs in many es.sential oils, and especially 
in those of eucalyptus and caraway. It is obtained by 
heating camphor with pho.Mphorus pentoxide t)rpepta- 
snlphide, also by heating turpentine with iodine. 

Cypress. Sec Woods. 


D (M‘uuc\ The second note in the scale of C. 

Dabber (Engrav . , etc,) A tool with a padded end, 
u.sed to ap]>ly ink or other siibslancjo evenly to a 
surface —<?.//. engraved plates, etc. 

Da Capo (Mtme), From the beginning (of a 
moverneiil). Abbreviated D.(’. 

Dacites (Geol.) Eruptive rocks of heraicrystalline 
strncinre, W'hich consist esstmtially of soda lime 
felspars witli ftJiTomagnesian silir^atOKS, souie free 
quartz, and a vitreous or lithoidal ground mass. 
They usually occur as intrusive rocks. They are the 
trapy)can ropresentatives of the 7‘lutonic i>lagiochise 
granites or diorite granites'^, on tlie one hand, and of 
the quartz-andosites on tli^ other. 

Dado (ArcMtrel). (J) The die of a pedestal. (2) 
The wall sj)ace between the i)linth and impost, (3) 
The lower part of the wall of an apartment when 
treated .similarly to ii eonlinuous porlestal. See Die, 
Pedestal, Podium, Architecture, Orders of. 

(J^ee,, Jain., etc.) (1) Framing round a room, 

hall, or staircase, made to represent a continuous 
pedestal. Strictly, the space bf-tween the plinth and 
the capj)i!ig, a flat surface extending usually to a 
height of between 3 and 4 ft. above the floor. (2) 
The painting, distempering, papering, etc., of the 
lower part of an interior wall when of a colour or 
material different from that of the upper part. 

Dssdals (Arrheeol.) Originally applied to archaic 
wooden cjffigies which represented deities, and were 
suj>ppsed to be carved by Datdalus, the constructor 
of the famous labyrinth at Crete. 

Dag (Artn^). A heavy pistol used in the sixteenth 
and .seventeenth centuries. 

Dagger (Ar;/i«). A short, pointed sword used at 
.short quarters for killing or wounding an adversary 
by a thrust or stab. The early varieties, known as 
Misebicokdes, were worn by both military and 
civilians, and had no crossguard. 
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Dattes {Cost,) The cuttingia or slashings round 
the e^es of a garment. Sumptuary laws were 
passed to limit the same as early as 1188. 

Dagaeppootype. A photograph produced by the 
process introduced by Daguerre in 1839. A silver 
plate was used, which was rendered susceptible to 
the action of light by iodine; mercuiy vapour 
dciveloiJod the picture. 

Dais* (1) Formerly the elevated end of a htdl where- 
on those of higher rank stood or sat ; also the raised 
t.'ible in a hall at which distinguished persons sat. 
(2) The platform of a lecture hall. (3) The raised 
floor on which a pulpit stands. 

Dalmatic (^Cost.') (l) An ecclesiastical vestment. 
This garment was worn under the chasuble, but over 
the stole, tunic, and alb. The sleeves arc wider and 
longer than those of the tunic. Generally made of 
white silk with purple stripes, but sometimes of 
other materials and colours. (2) A vestment worn 
by sovereigns at their coronation. 

Dal Segno From the sign : marked 

:jS; Abbre\dafed D.B, Dal Segno is used when 
the repeat is not from the beginning. 

Dalton's Atomic Theory See Atomic 

Theouy. 

Dalton's Law (iV///.v.) If one or more liquhls 
are introduced into a spiu'.c of given volume, the 
amount of vapour given off by each dcpimj^s only 
on the. tcinperatuie, and is independent of any other 
gas or vai>our present; and therefore the ,total 
pressure of the gases and vapdurs contained in the 
space is the sum of the separate pres.sur(‘s which each 
would exert if it were the only one present. The law 
does not hold good when the respective liquids and 
gases act chemically on one another. 

Dam (/’^r/7 AV/.) (1) A barrier acr(j.ss a stream, 
etc., to keep back the water or to raise its level. 
(2) A wapji’tight eiiclo.sure entirely suirounded by 
water; the water can l»c punq)ed out of the inside, 
and eiiginecririg or other operations c;irried on in the 
bed of the stream. L'.sually called a Coffee Dam. 

{Mhing'). A partition used to keep out 

water or foul air from a working. 

Damask {Archatol.^ Originally tlic name for 
articles produced in Damascu.s, as Damask JIlade 
of a sword : subsequently ii.scd of a rich cloth or fabric 
of wool, silk, ele.. elaborately figured or embroidered. 
Sec Damaskkne. 

{{krti07t Weaving). A style of figured 

weaving in which the design i.s reversible and 
usually constructed on the warp and weft satin 
weave, so that all along floats arc avoided uud a w^cll 
bound cloth is pnuliiccd. Sometimes the name is 
used to distinguish a warp-figured cloth from a 
brocade. 

Mauufac.) Tn the linen trade, as 

in others, damask is a figured fabric, mostly used 
for tabic linens. It is usually called single or double 
damask, though there is not mucdi difference, except 
that the former is the thinner and usually the coarser 
material, the double damask Ixdng a richer and 
hotter article, and showing out the pattern better. 
But for a cheap damask the good single one will wear 
better. 

(^Silk Mamfao.') A figured silk fabric 

made from the combined action of mounture and 
satin harness, consisting usually of five or eight 
fihafts. The mounture raises figure, whilst harness, 


if five shafts, raises one-fifth of warp threads and 
depresses another one-fifth for each pick. The 
result is satin ground with dull plain figure, the 
back of the work being exactly the reverse of the 
face. See Haenesb, Mountubb, Silk Manu- 

PACTTTRK. 

Damaskene, Damaskeen, or Damascene(Artf4d!r<7/.) 

As dJimask came to be applie(\ to rich textile fabrics, 
damaskene was used for the embellishment or enrich- 
ment of metallic surfaces. See Damask (^Arckwol,) 

Dam Board {Textiles^'). Diaper. 

Dammar (Jiotany). A conifer, Agathis Dam* 
w€Lt‘a (order, Conifene), closely allied to the Kauri 
gum tree, yielding the transparent resin Dammar, 
used in varnish making. 

Damp (Mining), Foul air, (.e. air containing 
carbon dioxide, etc. See also Choke Damp and 
After Damp. 

Damper (Build. ^ Biig., etc.) An iron shutter fitted 
in a flue to regulate the draught. 

Damper Weight (Bng.) A counterpoise weight 
I attached to a Hue damper by a chain yiassing over a 
pulley tn balance its weight and render it easy to 
raLsti or lower. 

Damping (Moulding). Moistening foundry sand 
to caiLso it to be more coherent. 

(Phys.) The checking of motion, particu- 
larly of vibratory motion, by the friction of the 
juedium in which the moving body is placed, or by 
otlicr retarding forces. For cxam]>le, the amplitude 
of the vibrations of a sounding bgdy gets loss and 
less, and the sound dies away if the body is left to 
itself ; and Riiiiilarly a pendulum slowly comes to 
rest when sot vibrating in the air. 

Damping Down (Bug.) Putting small and dtunp 
coal on a fire to cause it to bum very Slowly, and 
licnce 1.0 koci> alight a long time. 

Damping Rolls (Paper Mamfac.) Metal cylinders 
of siiuill dianu'.tcr used for damping paper. 

Dam Plate (Met.) An iron sup|x>rt of the Dam 
IStone (q r.) in a blast furnace. 

Damp Proof Course (Build.) A frequent cause 
of dampness in Jkjuscs is the rLsing of moisture in 
brickwork due to capillary attraction. In order 
to prevent this, layers of waterproof materials, 
termed Damp Proof Courses, are constructed. 
These are placed just above the ground level and 
across the tliickness of the wall; they may be 
ceustruclod of stoneware slabs with holes for ven- 
tilation, sheet lead, or layers of asphalt, tarred jute, 
or slates floated in cement. 

Dam Stone (Met.) A stone which i)revents the 
molten iron from flowing out at the base of a blast 
furnace. 

Dan (Mining). A small sledge used for dragging 
weiglits. 

Dancette (Her.) Lines dividing a shield similar 
to indented lines, but larger and deeper. The indenta- 
tions never exc,eed three in number. 

Dancing Steps (Oarj?.) Sec Balanced Steps. 

Dandy Roll (Paper Mannfac.'^ A skeleton roll 
covered with wire cloth and carrying patterns or 
names for the production of watermarks.” 

DangePOtts Infectious Diseases (Hygiene). In- 
cluded in this expression, as defined by the Public 
Health Statutes, are the following diseases, namely : 
smallpox, cholera, diphtheria^ membranous croup, 
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erysipelas, scarlatina or scarlet fever, the fevers 
known by any of the following naines; typhus, 
typhoid, enteric, relapsing, continued, or puerperal. 
In addition, the sanitary authority of any district 
and the County Council in London are empowered 
to extend notification to diseases other than those 
set out. It is very important that the occupiers of 
houses should understand clearly the duties cast on 
them in ro^rd to the ^notification of these disease.^'. 
Where an inmate of any house within the district of 
a sanitary authority is suffering from an “ infectious 
disease ” (as above), the head of the family t o which 
such inmate belongs, and in his default the nearest 
relatives of the patient present in the house or being 
in attendance on the patieni, and in default of such 
relatives every person in cliarge of or in attendance 
on the patient, and in default of any such person 
the master of the house shall, as soon as he becomes 
aware that the patient is suffering from an infectious 
disease as above, send notice thereof to the medical 
officer of health of the dist rict. It must be noticed 
that the medical practitioner attending on or called 
in to visit the patient is also made responsible in 
regard to notifying the medical officer of health. 
Failure to comijly with the Acts in this respect 
renders the person wIjo is required to send a notice 
or certificate to the sanitary authority liable to a fine. 

Danlell’s Cell {EM,) See Cells, Pejmaky. 

Panieirs Hygrometer {Phys,, etc.) See Hygko- 

MSTEK8. 

Dark Lines in the Spectrum {Phyft,) See 
Spectbuai Analysis. 

Darkroom {Phnto.) A room lit only by light 
whicii will not affect a photographic plate, i.e, orange 
or red light of h^w intensity, A darkroom should be 
well ventilated and fitted with a table, sink, shelves, 
and other oenvenicnces for development. 

Darkroom Lamp {Photo.) A lamp surrounded 
by an orange or ruby shade, or an electric lamp 
imraei'sed in a solution of quinine, thus giving non- 
actinic light. 

Parley Dale Stone. See nuJLPixcj S to. neb. 

D’Arsonnal Galvanometer {Elect.) See Gal- 
vanometer. 

Dart A sharp- pointed we^apon thrown by 

the hand : sometimes used as an arrow. 

Dartmoor Granite. See IIltilpinu Stones. 

Dash {MttBw). S*‘e Staccato. 

Dash Piston {Eng.) The piston of a 1 )ash J'ot 

(f.r.) 

Dash Plate (.Eng-') A baffle plate (y.P.)F which 
prevents the water in a ship’s boiler from flowing 
suddenly away from the plates of the firebox when 
the ship rolls. 

Dash Pot {Eng.) A device for preventing sudden 
motion of some part of a piece of mechanism by 
utilising 'the viscosity or inertia of a fluid. A 
simple form consists of a small vessel of liquid in 
which a piston moves loosely. A very .small force, 
stea<lily applied, is sufficient to cause motion of the 
piston ; but considerable resistance is offered to any 
sudden movement. Another form consists of a 
cylinder with an air-tight piston. As the latter 
moves, air can enter or leave the cylinder through a 

E small opening. A sadden movement is thus 
nted by the change of pressure which is pro- 
l inside the cylinder. It is often applied to 


form an air cushion to reduce the shock or throw in 
a reciprocating motion ; e g. the bed, of a printing 
press at the end of its travel. 

Dksh Wheel {Chem, Eng.) A washing or rinsing • 
wheel used in washing textiles. 0 

Date {Botany), The fruits of the date palm, 
Phenix daotyVfera (order, PaVmm), form the princi- 
pal food of t lie Arabs of Northern Africa. The leaf 
stalks are used for cordage, mats, and baskets. 

Datholite {Min.) A basic calcium and boron 
orthosilicate, H ,0 . 2CaO . . 28iO,. Monosym- 

metric : occurring in glassy crystals, usually in veins 
in basic volcanic rocks. It sometimes alters to 
chalcedony, giving tlio pseudomon^hous HaytobitE. 
From Norway, Scotland, and tlie United State.s. 

Datum Level or Line {Surveying), A line or 
level from wliich heights are calculated and measured. 
See aUo Contour. 

Daturine {Ch^tn.) Another name for Hyosoya- 
mine {q.e.) 

Daub {Paint.) To paint carelessly? without taste 
or fouling, thus producing an inharmonious whole 
very offensive to the artistic eye. 

DaucuB {Botany). Danevs caeota (order, XTmheU 
lifera'). The 'W'tjll-known vegetable), the carrot, is 
a garden \arioty of tlie wild form. A medicinal 
volatile oil is extracted from the seeds in India. 

l^dkY\Minin(j). Parts of the workings near the 
surface where light tjan reach. 

Daylight Loading {Photo.) A method of charging 
a hand camera with films by having tlm hitter 
wound on a spool in conta(‘i with a strip of black 
paper. The latter is longer than the roll of film, and 
forms several turns round the outside of the spool. 
Tlie end of t!ic black paper is first, detached and made 
fast to a roller in the camera. The latter is then 
closed and the roller turned, drawing the black paper 
ahuig until the film atbiched U) it is in the position- 
to receive the image. I’hc rnethoil has been worked 
out with great simplicity and ingenuity by the 
Kodfik Company. Flat films arc .also made up into 
selH. like a pack of cardi*, and can be placed in 
cameras fitted with a suitable slide without the use 
of a darkroom. 

Day Roll {Photo.^ A mime applied to the spool 
u.Ncd in daylight loading of cameras. The sensitive 
emulsion is on a flexible film of length sufficient for 
a number of cxix)sures (commonly twelve). The film 
is laid face upward on a strip of opaque black paper, 
longer than itself, and the two are wound together 
on a spool. The free end of the film is made f^t to 
the paper, and the latter forms several turns round 
file outside of the spool to exclude light. See Day- 
light JiOADINU. 

Day, Sidereal {AHron.) The period of a complete 
revolution of the stars, relative to the meridian. Ita 
length is about four minutes less than the ordinary 
day. It is absolutely constant in duration. 

Day ” Theory {Music). That advanced by Alfred 
Day, AT.D. Irnpi^rtant points : All chords derived 
froin three roots, viz. Tonic, Dominant, and Super- 
tonic. I’he building u]) of chords by Srda to 9ths, 
llths, and IJHhs. The division of Diatonic and 
Chromatic styles. The “Added 6 th ” is the 3rd 
inversion of the Dominant 11th. The “ Shar|) 6 ned 
5th” is the Dominant 13th resolved upwards. The 
“Augmented 6 th” derived from Dominant andL 
Supertonic roots. 
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Day Work (Various Trades}, Work paid far hy 
the day Instead of by the piece. 

Deacon’s Process (Chem,) A method of preparing 
chlorine on the large scale for the preparation of 
bleaching powder (q.v.) or any other purpose. Hy- 
drochloric acid gas and air are passed over a heated 
porons surface (broken bricks) impregnated with 
copper sulphate. Excess of hydrochloric acid is 
removed by water, and for making bleaching powder 
the gaj9 must be dried by passing through sulphuric 
acid. 

Dead Build,^ etc.) A term applied to 

materials of many kinds when they have lost some 
of their important or characteristic properties. 

Dead Axle (A%.) (1) An axle which does not 
rotate; (2) one which does not communicate motion 
to wheels, etc., but simply turns with them. 

Dead Beat (ClooJts). The *' Graham clock escape- 
ment in which the escape wheel, as soon as the drop 
ha.s taken place, remains absolutely at rest (“ dead^'), 
thus distingi^ishing it from the older form of 
“ recoil " asoapement. 

Dead Blow (Bug.) A blow struck without any 
spting or rebound. 

Dead Burnt. A term applied to lime which has 
become vitrifio<l by fusion of calcium silicate in the 
limekiln. It prevents proper slaking. 

Dead Centre Lathe (Eng., et(\) A small lathe in 
which work is supported between two fixed or <lead 
centres; motion is comtnunicaled to the work by a 
pulley or some other device fixed to it. Much used 
by watch and clock makers. 

Dead Centres (A^y.) (1) Supporting points oI a 
lathe, etc., which do not rotate. The back centre of 
a common lathe often called a dead centre. See 
ako Dk/H') Ci^NTliE Lathe. (2) Also applied to the 
Dead Tointh (g.v.) of an engine. 

Dead, Disposal of the, Sr- Sanitation. 

Dead Eye (Eng.) A bearing in which the sliaft 
runs in a hole borecl through a single iiiece of metal, 
in.stcad of in split llitASSEs (of.c.) 

Dead Ground (Mining). T'arts of the vein or lode 
without ore, <-omposed of GangI'E (q.v.) 

Dead Head (Eng.) (1) I’he Dead Centke of a 
lathe (^.r.) (2) A mass of metal filling a cavity at. 

the head or toy) (^f a runner or pouring hole in a 
mould. The dead head is connected with the casting 
by the core of metal filling the liole or runner. 
The head and connecting metal are broken oflE w'hen 
the casting is cold. 

Dead Load Safety Valve (Eng.) A Safety 
Valve (q.v.) kept down by a simple wciglit on the 
top, witliout any lever being used, as in the ordinary 
form of safety valve. 

Dead Melting (Foundry). Heating metal till it 
becomes perfectly fluid, i.e. to a temperature con- 
siderably above its melting point. 

Dead Plate (Eng.) A plate inside a firebox, on 
which fresh fuel is first placsed, in order to become 
heated before reaching the fire proper. 

Dead Point (Enq.) The position of a crank when 
it cannot be turned by the motion of the piston rod — 
i.e. wdien the crank and piston rod lie in the same 
straight Hue. A single cylinder engine cannot start 
from the dead point, and the crank must be slightly 


turned before steam is admitted. The dead points 
are sometimes also termed Djcad Cwrjissu. ^ 

Deade (Mining). Bubbisb not oontainlni^ ore^ 

Dead Shove (Carp.) Timber placed in a i^lcal 
position to support a load which acts downward 
onlj’, i.0, without any outward thrust. 

Dead Smooth File (Eng.') The very finest file 
cut ; it has eighty or ninety teeth per inch. 

Dead Turns (Elect. Eng^ The electromotive 
force produced in a dynamo is generally represented 
as proportional to the number of revolutions per 
second. See Dynamo. Bat as the speed is increased 
the E.M.F. does hot increase in the same proportion, 
owing to internal effects ; so that the actual number 
of revolutions is greater than the number theoreti- 
cally required to produce the E.M.F. obtained, and 
the extra revolutions are termed Dead TuBNa. 
For example, if a dynamo give 100 volts at 600 
revolutions, it should give 1150 volts at 750 revolutions 
if the law of proportionality held good. It will 
probably be found that more revolutions are neces- 
sary to give the 150 volts; if the number be 800- 
thei-e are 50 dead turns. 

Dead Wall (Build.) A Blank Wall, one not 
pierced by tloors or windows. 

Dead Water (Eng.) Water which does not come 
into contact with tlie cffccstive heating surface of a 
boiler. The best types of boiler reduce this water to 
a minimum amount. 

Dead Weight or Load ( Eng.) A load which is 
constant in pc»sition and amount ; tlie opposite of a 
Live Load (q.v.) 

Dead Weight Safety Valve (En^.) See Dead 
Load Bafety Valvpj. 

Deal. A general name for certain coniferous 
woods. See Woods. 

Deal Frame (CarjK, etc.) A machine saw used 
for cutting Deals (q.v.) into tliiimer boards; it 
usually carries several parallel saws of the recipro- 
cating type 

Deals (Carj?., etc.) Pawn wood (deal) of size 
9 in. X 3 in. or 12 in. x ,3 in. 

Dean (Mining). The extreme end of a working. 

Death Rate (Hygiene). By a death rate is under- 
stood the ratio between the deaths and population. 
The formula for calculating this rate is : 

Number of deaths x LIK^X) 
i'opulatiun 

Thus, supposing a town has a population of 65,000, 
and the number of deaths during the year was 1,125, 

then = 13-23 per 1,000. To obtain a 

death rate ’for any one week, divide the estimated 
population by 62*17747, the result giving the weekly 

population. Thus ^ 1,629. Bupposiiig there 

are twenty-one deaths during one week, then the 

death rate per thousand is : «= 12*89, 

^ 1,029 

Debmised (Her.) An expression used when an 
ordinary is placed upon a charge. Bht when the 
ordinary' is placed upon another ordinary, the term 
** over all ” or “ surmounted by takes itk place : 

** debmised by" is not then used. 
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Decadence. A falling oft from a better style. In 
art the term is used to denote the period after 
Baphael and Michael Angelo. 

Decametpe. See Weiorts and Measubbs. 

Decani CMusic'), That side of the choir on which 
the (lean (decaniis) sits. The opposite side to 
cantoris. The right side looking cast. 

Deoapbarigation {Met.') Beniovnl of carbon from 
cast iron by the Puddling Process (^.r.) or the 
PESSEMBB PBOCESS (q.V.) 

Decagtyle (Architect.) A term apy)lied to a 
temple which has ten columns in tJio front row. St^c 
DiSTYLE, TeTBASTYLE, HEXASTYLE, a?ld OCTA- 
STYLB. 

Decidnong (Biology), The term applied to those 
organs or parts which are shed periodically by a 
plant or animal ; e.g, tlie leaves of the oak, asli, and 
the horns of most varieties of deer are deciduous. 

•Decimal. A fraction whose denominator is ten or 
a power of ten. It is written without the denomi- 
nator, the numerator being i)rcccded by a dot, the 
Decimal Point, written on the left-hand side of 
the figure : thus -- 155 tVit* 

Decimal Gauge (AVi/7., etc.) A gauge divided into ! 
de ‘imals of an inch, instead of the ordinary fractions, * 
cl'C* 

Decimal Point. See Decimal. 

Decimal Threads or Pitches. S‘e Screw 
Threads. 

Decimetre. See Wbiuiits and Measitres. 

Decimo Sexto (Print.) The size <>f a sheet of 
paper after Vjcing folded to form sixteen loaves. 
Usually called Sixteenmo and written IGmo. 

Deoifio (Music). Decided. 

Deck Crane. A crane fixed on the deck of a ship 
for loading puryioscs ; iTeqaently driven by a steam 
winch supplied from the main boilers. 

Deckie (Paper Manvfae.) (1) A movable wooden 
frame which fits over a wire mould, used in the 
manufacture of paper by hand. (2) the rough or 
irregular edge of handmade paper. The two \incven 
edges of a Dank of England note are examples. 

Deckle Straps (Paper Manvfae.) Endlc.'-s rubber 
hands which run on the maclune wire to keep the 
w^et pulp in its proper position, and regulate the 
width of the paper. 

Declination (Astron.) The angular distance of 
a star above the horizon, measured along a vertical 
circle. Abbreviated to Decl. The vertical great 
circle through the star and the celestial polo is 
termed the Declination Circle. 

Declination Circle (Astron..) See Declination. 

Declinationy Magnetic. The horizontal angle 
between the axis of a freely snspende-d magnetic 
needle and the true geographical meridian. This 
varies at different points on the earth’s surface, and 
is also slowly but constantly changing at any given 
point. 

Decomposition of Light. See Spectbum, Colour, 
etc. 

Decorated (Architect.) The name given to one of 
the periods of Gothic architecture. Architecture in 
England can be divided into the following styles, but 


it must be noted that the transition from one style 
to another was very gradual. 

A.D. 

Anglo-Saxon 449—1066. 

Norman . 1066—1175 (Early, 1066—1135. 

Late, 1125—1175). 

Transition , 1175—1189. 

Early English 1 1 «9— 1307. 

Decorated . 1307 — 1377. 

Terpendicular 1377—1547. 

The following are some of the characteristlos of the 
Decorated stylo : (1) The extensive use of scroll 
fmd wave mouldings. Strong contrasts of light 
and shade common in Early Engli-ih mouldings are 
avoided. (2) The ball flower. (3) Geometrical, Beti- 
culated, Flowing, and Flamboyant window tracery. 
(4) Foliage less conventional than in the other 
periods of Gothic architecture, (5) Detaclied sliafts 
as used in Early English pillars are abandoned. 
See ruRViLiNKAR arid Flamboyant. 

Decorticating. (1) A process carried out by 
(‘.uttiiig or pulverising machines which assi.'^tt the 
separation of the husks and lintcrs from the oily 
kernels of cotton seed, linseed, or castor b(\aiis prior 
to pFeafiing. Special machine's are made for amchis 
and cocoaniits. (2) A similar result is obtained 
chemically by acling on cotton seed with a mixture 
of nitrous anhydride and sulphur dioxide gases in 
the presence of enough air to rcoxirlise the reduced 
nitrogen compounds. A few seconds sufDco to 
destroy the slnicturc of the husks, wdiich crumble 
to a fine powder with the slightest friction. 

Decrescendo (M?/jtic), Decreasing in loudness. 
Abbreviation, Decrks or 

Deep Sea Deposits (Geol.) Strata which have 
been Ibrmed at great depths below the siirfat'e of the 
(H',e:in. These are primarily divisive into (1) TjtBRi- 
GENOUS, which consist of nuit.eTials mostly derived 
from the waste of ad jacent lands, and U’halassic, 
which are diuj more or less dire» tly to organic or 
I org.anico-cljeinical causes. To the’ former belong 
I blue muds, coral mud, glauconite, and some others ; 

I to the latter, fora mini feral 00/u, diatom ooze, radio- 
i lariari ooze, and the red elav.s, whieli occur witli the 
I last named deposit. These are partlv of chemical 
; origin. 

I Deep Well Water (Hygiene). Deep wells sui)ply 
I nianv towns with water. Hoi mgs arc made to a con- 
siderable depth, iienetrating the upper irniicrmcalde 
strata, until the water-ljcaring stratum is reached. 
Water obtained from this sourcfj is usually hard, but 
very palatable and wholesome. See Artesian 
Wells. 

Deer (Zoologg). A family ( Cervides) of the great 
mammalian group of Ungulates. They are very 
widely di.stri bated, being found in nearly every part 
of the world. The horns arc confined to the male, 
and are slied annually, except in the case of the 
Reindeer. See 1 1 ORN. " 

DeXieciion (Eng., Build.) Bending; deviation from 
an original ]jOKition or direction, e.g. the sag^ng of a 
beam or girder at the centre when supported at both 
ends. See Beams. 

(Met,) A test for steel rails, varied accord- 
ing to seel ion and weight. Double headed 70 lb. 
to yard rails, supported between centres 3 ft. 

6 in. apart, must not show (1) more than 3 In. 
deflection after two blows in the centre from a ton 
weight falling 18 ft. ; (2) or J in. deflection under a 
dead weight of 28 tons. 
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Deileetop A general term for a plate or 

other object used to direct a stream of gas or a 
liquid in a particular direction ; frequently used in 
furnaces and fireboxes to direct the hot gases along 
a certain path. 

» Defopraation {Phyx.^ etc.') A general term signify- 
ing an alteration in the shape of a body, whether 
permanent or not. 

Degelatlnlsing. The process of extracting gelatine 
or glue from bones. This may be done either wholly 
or partially: if the former, the residue is used wholly 
for manurial purposes (jtee Manure) ; if the latter, 
the residue of the bones is calcined to form animal 
<djarcoal, 

Degras. A fat or grease obtained during the 
manufacture of leather, particularly chamois leather. 
It is also obtained as a byproduct in various other 
trades. Begras is often made as a regular commercial 
article by oiling hides with cod oil, fermenting, full- 
ing, and treating with pofcish. Degras in England 
i.s* more commonly called SoD Oil, which is, strictly, 
the oil from envied leather in general, Degras being 
obtained from chamois leather onl 3 \ Artificial 
Degras is made by adding tallow to cod oil (and 
sometimes red oil and wool grease), and incor- 
pt>rating with a neutral soap. 

Degreasinjf. The process of extracting fat or 
grease frrun wool and bones by means of benzene or 
other solvent. 

Degree. Weights and ^Ieasurks. 

(^JTeat). The unit in which difference of 

temperature is measured. See Cextiokadk, 
FAHRENnETT, etc, 

Each step (line or space) of the 

stave. 

Degrees of Freedom (Phi/s.) A body which i.s 
perfectly free hfis six i»ONsiblo varieties of motion, 
ihiee motions of translation paralUd to three axes 
which are mutually at right angles, and three 
motions of rotation about, axes parallel to the same 
three axes of reference. These six varieties of 
motion arc called the “ Degrees of Freedom ” of the 
l^idy, and any one or more may be destroyed by 
inlroihicing a suitable constraint. Thus a cube 
lying on a plane surface has two motions of transla- 
tion and one of rotation, f.e, three degrees of 
freedom. A ring smoothly fitting a round rod has 
two degrees of freedom, one of translation along the 
rod and one of rotati<m round it ; and a square ring 
or frame which fits exiictlj’ on a S(iiiare rod has one 
degi’ee of freedom, a motion of translation only. 

{Ckem.) Sf‘e Phase Rule, 

Dehiscent Fruits (BntamjX Fruits wdiich open 
naturally to s('t free their seeds. They arc usually 
-called Capsules. 

Del or Delt (Arf). Short for the latin word 
dclhieavity i,e. has drawn. On an engraving, etc., it 
follows the name of the author or desiiriicr of the 
original drawing from which the reproduction has 
“been made.. 

Dele (Pypog.) See Delete. 

Delete (JAfpog.) To expunge, blot out, erase, or 
omit. Indicated in proofs thus, S* See aUo Proof 
Corrections. 

Delft. The term Delft is now rather indiscrimin- 
ately applied to all Faience with blue decoration upon 
a white ground ; true Delft-Faience was first made at 
Delft, near Rotterdam, in Holland, about the begin- 


ning of the seventeenth century ; it consisted of a 
yellowish earthenware paste covered with an opaqup 
stanniferous glaze, the blue and other coloured 
decorations being superimposed. Large quantities of 
blue and white wares are still made at Ddft. 

Delicato (Misie). With delicacy. 

Deliming (LeatJter Manvfac.) Removal of the 
lime from the skin previous to tanning. See 
Leather Manufacture. 

Deliquescence {Chem.) Certain solid substances 
have the power of absorbing moisture from the air 
and forming a .solution therewith. Such substances 
arc said to be deliquescent. Examples are calcium 
chloride, caustic soda and pota.sh, ferric chloride. 

Delivery (^Etig.) The di.scharge of water, etc., by 
a pump. Rate op Delivery is the usual expression 
for the amount of fluid pumped per minute. 

( Foundry). The manner in which a pattern 

leaves the mould. , 

Delivery Pipe (A?«.y.) The pipe by which water 
flows from a pump. 

Delta ( (tcoI.) Fan-shaped areas composed of 
mud, sand, .silt, gravel, etc., brought together by 
the action of rivers, and droppe(l at tlie parts 
where their velocity, and therefore their transport- 
ing power, i.s checked. Deltas usually occur at the 
junction of rivers and the waters of lakes or those 
of the sea ; but they may also be formed at the foot 
of a slope upon the land. 

Demi BrasBards (^Armour). Strips of metal 
whi<jh protected only half of the arm. 

Demi Lion Rampant ( f£rr.) A lion rampant cut 
off or couped mhlvvay, the upper part only appearing, 
including the forepaw.s and the tip of the tail. 

DemiBemiquaver (u!ftf.s*?:c). See Notes. 

Demivol (TTcr.) One wing only displayed as a 
charge on a shield. It should be described as either 
ilcxUr or sinifeler. 

Demy (Papers), A size of paper. Printing demy 
measures 22.J y 17^ in. ; wrri ting demy, 20 x 15^ in., 
and drawing demy, 22 x 17 in. 

Den (67/ cm. Eng.) The reaction pit or chamber 
for the manufacture of superphosphates. Placed 
immediately under the mixers. 

Dendritic Harkings (^Gcol.) Accumulations of 
mineral matter, usualTy one of the hydrated oxides 
of mangauese, less frequently hydrated oxide of 
iron, winch have assumed a mosslike or treelike 
form in the course of their growth from aqueous 
.solutions. Their resemblance to organic forms is 
purely accidental. 

Denim {Cotton Weaving). A very heavy- warp 
twdleil cloth composed of hard twisted warp and 
usually coarse cop weft. The warp is mostly com- 
posed of one colour. 

Density {Pkoto.) A term used to describe the 
strength and vigour of a negative. A dense negative 
has the dark poi-tious very strongly dtdined, and a 
gradual gradation to the most transparent parts; 
such a negative give.s a good print, fuP of detail. 

{Phya.^ etc.) Tho quantity of material or 

matter contained in unit volume. The specification 
of density, unlike specific gravity (g'.v.), always 
requires the use of two urnts — one of volume, the 
other of mass. ITor example, density may be given 
in grams per cubic centimetre, grams per litre, 
pounds per cubic foot, tons per cubic yard, etc. 
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Denidi^^ of fioaei Chtm^) OonTeniently 

quoted in jcrramH per litre’; the expreesion g^ej^raUj 
need in c:hemical books is really the specific aensity 
in terms of hydrogen : thus if the density of a gas 
is said to be IG, it is sixteen times as heavy as the 
same volume of hydrogen at the same pressure and 
temi)eratarc. 

Density of Petrol iMotvr Cars). See Phtbol. 

SjenBity of Water CPhys., etc.) See Water. 

Dent (Textile Manu/ac.) A split or space in the 
reed or sley 

Dentelle (Bmdiny). A style of iiiii.shing (with very 
fine tools) delicate gilt designs to resemble lacework. 

— - (Zaee Maemfae.) The French term for lace. 
A lace that is finished off with a toothed edge. 

Denticulated Bed Mould (Arehitect.) A bed 
mould enriched with Dentils ( q . r .) 

Dentils (ArehUect.) An ornament originally used 
in the bed-mouldings of iho Ionic and ('orinthinn 
oomices. It consists of a series of rectangular blocks, 
the height of each block being about twice its width, 
and the width of the spaces between the blocks about 
one-third their height. See Inteedentils. 

Dentine (Zoology), The bonclike substance of a 
tootL It is covered by a very hard secretion— the 
Enamel. 

Denudation (Geol.) A general term expressive 
of the results of various natural agencies in wasting 
or wearing away exposed surfne^es of rocks. Sub- 
AtBiAL Denudation is that which is effected by 
rain, rivers, frost, and chemical action. Glacial 
Denudation is that arising froin the erosive in- 
fluence of stones carried forward by ice moving in 
oontact with the surface of rocks. Maeine 
Denudation is that wrought by the action c)f the 
fiea. The two chief agents wbicdi .supijly thc*motive 
power arc solar energy on the one hand, and gravi- 
tation on the other. 

, Rate of (Uenl.) Various estimates have 

been made, chiefly by Lyell, Croll, and Tylor, of 
the rate at which the materials composing the 
land are being stripped off and the level redutjed 
to that of the sea. This is arrive<l at by estimating 
the quantity of material transported in suspension, 
in solution, and otherwise carried stjaward per annum 
by some river, measuring the area drained by that 
river, and thus arriviug at the total quantity removed 
filrm the whole surface of its basin in the period 
chosen. The rate varies within wide limits ; but an 
average is usually taken at about one foot in three 
thousand years. 

Deodar. See Woods. 

Deodorant (ffygi*^ne). A substnnee which, by the 
oxidation of the products of decjompo.sition, de.struy.s 
or masks offensive odours. Among tins cotnmon deo- 
dorants are charcoal, chloride of lime, dry earth. 

Deoxidation (Met.) The Reduction (q.v.) of 
ores during smelting or by some preliminary process 
such as Roanting {q.v.) 

Dephlegmator (Chem. Eng.) A still-head or 
^ecti^ing apparatus used in distilling spirits and 
other products with low boiling points. See FbA(v 
T iONAL Distillation. 

Dephosphorteatlon (MH.) Removal of phos< 
pboniB from iron by the Basic Fbocess (q.v.) 


Deploidind (Leather Manufige,) Skins which are 
pickled with salt or acid for transport must be 
depickled before tanning. For this purpose whiting, 
salt, and other similar compounds are used. 

Deposit. The term applied to the metallic coating 
obtaiuod in electroplating. 

Deposit (Eng.) Matter collected on boiler plates; 
also called INCEUSTATION (q.v.) 

Deposition (Geol.) The correlative of denudation. 
Materials removed from areas ex[x»sed td the action 
of the various natural agents of waste are moved by 
running water, and are, sooner or later, left again ia 
the solid form. The chief agents concerned in both 
processes are solar energy and gravitation, operating 
by means of water. As in the case of denudation, 
the rate of deposition varies within very wide limits. 
Deposition is the usual oonc'omitant of depression of 
the surface, and is, of course, also dependent upon 
denudation. * , 

DeppeBsion (^Meteorol.) An area over which the 
barometric ijressure is low, gradually diminishing 
from the edge of the area towards the centre. 

DepresBioii of Land ( Gcol.) Clianges of^^cl of 
the land, generally effected by undulatnry mov'ements 
of the Earth’s crust, appear to have affected each part 
of tbo surface at one time or another. The wave- 
like movement slowly progresses from one part to 
another, and the upward jfliasc, which gives rise to 
elevation of the land, is followed by the opfX)site 
or downward of the terrestrial undulatii»n, 

whereby depression is produced. Deposition of 
sedimentary materials usually accompanies depression 
of the lazid. 

Depression of the Freezing Point (Heat). See 

FkLEZIXG I’OINT. 

Depth (Paint.) The suggestion of subtle variety 
producetl by sensitive management of gradations of 
tone. It is the converse of superficiality of tone 
quality, and is one of the source.^ of the pictoiial 
mystery which gives to inspired works of art their 
special jx^rsuasiventj^s. The worfl is also used in 
association, e.g, of tone, to define the par- 

ticular quality of a picture wliich is iiitched in a h>w 
key. 

Depth of Focus (Photo.) The power of a lens to 
proihico a .^harp image of objects which are at vary- 
ing distances from the camera. It depends on the 
relation of the diameter of the tJTor (q.v.) to the 
focal length of tlic lens. 

Derby China. Porcfflaiii was first made in Derby 
about IToO. The Derby Torcelain Wovk.s, however, 
were not established until 1756, under William 
Duesbury. It was continued by' him, his son, and 
hi.s grandson until tlie year 1S15, when the business 
was sold to Robert IJloor, who earned it on until 
1846, when it was finally closed. The most beautiful 
wares wore produced at Derby at the end of the 
eighteeiitli century. Under Bloor they degenerated 
lK>th in refinement and taste. The best period of 
Derby chiqa was from about 1776 to 1800, during 
wiiich time painting and gilding were brought to a 
high stale of perfection. For Mabks, see under 
Rotteey and Porcelain. 

Derby Float. (Plastering). A long piece of 
board with a handle at each end. Used for flo|itmg 
large surfaces. See also Float. 
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Derby Bed (Den.) % A scarlet red pigment of good 
covering and staining power, sometimes used as a 
substitute for vermilion (q.vJ) It is a basic chromate 
of lead, and is crystalline in structure. Called also 
Chinese Bed, Chbome Bed, and Amebioak 
Vebmilxok. 

Derbyshire Spar (ATia.) A popular synonym for 

FtUOBSPAB 

Derivative Bocks Are those which are 

composed of materials derived from some pre-existent 
rocks* It is usual to regard all massive eruptive 
rooks (as distinguished from those of pyroclastic 
origin) as being original. Conglomerates, samlstoncs, 
shales, and clays are good examples of derivative 
rocks. Limestones, coal scams, and several other 
tyjKjs of rock may bo regarded as cither original or 
derivative. 

Dertved Fossils {Ocol,') It frequently happens 
that, when a fossiliferous ropk is undergoing waste 
at the surface, the fossils included in it are libe- 
rated, and are^subsequently rearranged along witli 
other materials in rocks of later date. JSuch fossils 
neetl to be distinguished from those which actually 
ring the period when their matrix was laid 
down, and the above name is conveniently applied to 
them in consequem e. 

Derived Units iPlnji.) All others than the funda- 
mental units of time, length, and mass, c.y. the units 
of space, acceleration, force, etc. 

Dermal Denticles {Xoohujy\ ^ The small toothlike 
scales on the skin of the sharks and dogfishes. 
These give the shagreen character to the.se fish 
skins. 

Dermis {Zoology'). The suh-epiderraal layer of 
the, skin, consisting of connective tissue containing 
capillaries and iktvos. 

Derrick, 'I’lie pyramidical frame which carries the 
boring apparatus used in drilling oil wells. Some- 
time.s called an oil rig,” which really comprises 
the complete drilling out lit'. The frames are mostly 
oi>en (like a colliery headgear) in Americiin oil fields, 
and boarded-in on European lield>. 

{Build.) A mast kc]»t in position by guy 

ropes, and ha\ing a pulley tiKcd to it at the top, 
witli a rope passing through to a wdridlass. Used 
for hoisting trusses, («tc. 

{Eng.) A form of crane {q.v.) with a hinged 

jib, which can be set at various angles: also applied 
to a system of poles used to su import hoisting gear. 

Derrick Barrel (AV/ 7.) v\n auxiliary chain barrel 
in a crane on which the Deukick Chain {q.v.) is 
coiled. 

Derrick Chain {Eng.) The chain by which a 
hinged jib is raised or lowered. See Ckane. 

Descending Letters ( Typog. ) Those letters having 
desetmding strokes, viz. q, and y. 

Descriptive Astronomy. The science dealing 
with the motion and distances of the heavenly 
bodies. 

Descroisilles Degrees. The French soapmakers' 
titre or standard for soda ash. The strength is ex- 
pressed in terms of pure sulphuric acid ( =49) neutra- 
lised by 100 parts of soda ash. The German standard 
is in terms of NOjCO, (=53). The English standard 
(sometimes called Gav Lussac Degrees) is the 
percentage of Ka,0 (=31), or real alkali, which is 
generally displacing the old trade degree based on 


64 instead of 62 as the molecular weight of KH^O. 
There^re pure soda ash = 31° Englisfa> 62*45° Dee* 
croiziUes, and 100° German. 

Desert (6^^/^^, etc.') Any part of the aurtace of 
the land where the conditions have long been un- 
suitable for the growth of vegetation. The oeual 
meaning attached to the word, however, implies that 
deserts are only due to a small rainfall (generally 
under 10 in. per annum), which ocours at intervals 
too irregular to permit of the growth of any vegeta- 
tion except such as is specially adapted to the con- 
ditions. They are not confined to t lie hotter regions 
of the globe ; c.g. areas of drifting volcanic sand 
in Tcelaiid form deserts. 

Desiccating {Carp., etc.) Artificial drying of 
timber by it eat. 

Desiccator Of various shapes, but consist- 

ing essentially of a closed vessel with a receptacle for 
calcium chloride, strong sulphuric acid, or other water 
absorbing substance, and a shelf to carry the article 
to be kept dry. 

Design. Design in its relation to the fine and 
applied arts implies invention— the creation ol^sorae- 
thing which had no previous exi.sten(^ in thAt par- 
ticii&r form, and w'liich is therefore original and 
uftw^ But‘ it is doubtful whether originality in its 
oomplelest sense exists. It is not given to us to 
imagine anything beyond the limits of human ex- 
perience, so tliat our creations are Uttlo more than 
recollections and modifications of things or forms 
already existing in nature. The fabulous beings^ 
imagined by the ancients— the centaur, the satyr, 
the Cyclops, the mermaid are cases in point ; they are 
. not inventions, but ccmibinations of existing material. 

I In the don*, in of the fine arts, for the production of 
a picture, a statue, (►r a cathedral, design plays an 
imjMirtant part, since the proportions, the proper 
balancing of units, must be carefully considered. It 
is, however, in the so-called lesser arts or crafts that 
design in the more usual acceptation of the term is 
brought into play. This is called APPLIED Design* 
Tt consists of the application of beautiful forms and 
colours to a particular objet't or purpose, such as a 
staineil glass window, a wallpaper, a piece of 
jewellery, or to the various articles of daily use. The 
applicatiim of design has been practised during all 
ages, from the time of primeval man: by the^cave 
dwellers, who traccil designs and fancies upon bones, 
shells, and tlic walls of their caves; by tJie savage 
tribes, who decorated their canoes, their weapo^gjp of 
warfare, and even their own persons. The funda- 
mental laws go\eming omamental design, such as 
mdiation, tangential junction, symmetry, balance, 
etc., are direct expressions of natural principles ^ 
facts : that of radiation in the sun’s ray.s, the digits 
of the hunifui hand, in starfish, etc. ; that of tan- 
gential junction in plant and tree growth, the 
springing of branches from a parent stem. Even the 
various ornamental motifs, e.g. the circle, may be 
seen exemplified in the sun, the full moon, and the 
contours of various flowers, the spiral in serpents,, 
in the convolutions of shells, and the tresses of 
human hair. Applied design, together with the rest 
of the fine arts, has always reached its highest 
development at the time of a nation’s fullest growth^ 
ami to trace the history of a natii>n*s art iis to follow 
the growth of its civilisation. In the case of Egypt> 
the Cradle of the Arts, their civilisation had already 
reached its highest development at the time when 
the stoiy of her existing monuments begin, all 
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authorities agreeing that the further we go back in 
Egyptian history, as told by her monuments, the 
liner the art. The long story of Egyptian art is 
therefore one of gradual and slow, but no less sure, 
decline, but a decline from a very high level of past 
attainment. From Egypt the centre of civili.sation 
was transferred to Athens, and then to Rome, and from 
thence to Constantinople, the seat of the Byzantine 
Empire, which lasted practically to the birth of 
the mediaeval period in the time of Charlemagne. 
In the thirteenth ccntuiy architecture, which is 
properly the foundation of all the arts of design, was 
at its zenith. The so-called Ubnaissancb was a 
return to classic ideals. The Gothic style was slow 
to take root in Italy ; it bloomed brilliantly, but only 
for a comparatively short season. The break up of 
the Renaissance came very suddenly, about tlie close 
of the sixteenth century ; and from that time all the 
decorative arts slowly declined, until they reached 
their lowest ebb perhaxjs about the middle of the 
nineteenth century. From that time matters ha\e 
giadnally improved. In 1(S51 came tlic Great Ex- 
hibition, which, whatever its subsc'quent effect upcm 
the decorative art of the country, at any rule >how(Hl 
U.S exactly where wo were. Tt certainly w.is the 
means of opening our eyes to the wealth of clc.Nign 
and splendour of colour of the art producMions of our 
groat dependency, India. During the latter half of 
the nineteenth century the most considerable figure 
in the decorative art world is unquestionably that of 
William Morris. It is not too much to say that it is 
mainly to tlic influence and inspiration of Morris that 
wc owe the improvement wLit*h has taken place in 
our fumitiire, wallpapers, textiles, stained glass, 
embroidery, and latterly, .since the. founding of the 
Kelmscott Press, thc "d(*(:oraMon and j»riiitiug of 
books. The art of William 3kIorris was founded upon 
a study of the work of the twelfth, thirteenth, and 
fourteenth centuries. Broadly speaking, what Mon-is 
d.id in both practice and precept was to call the 
attention of his countrymen to iht; transcendent, 
beauty of the old \Nork and particularly the work of 
this period. JTis immediate fo^ower^, wlio dominate 
applied art teaching in this country at the prc.sent 
time, go a step further and say, “ (ro back to Sfature, 
the original source of all art inspiration, but study 
Nature in the light of the old work." Natuh?: Stuiiy 
is cherefore the note of present day art teaching. All 
forrap of eccentricity under the guise of originality 
are tabbooed, in the belief that true originality will in 
time be developed, and students are encouraged to 
study the forms of natural objects, and preferably the 
most familiar objects of fdant and animal life, and at t be 
flame time to keep their attention fixed ufjon the finest 
productions of the past. lb sum up tlie matter, the 
decorative arts have certainly touched the lowest 
possible ebb of commonness and vulgarity, and a 
distinct and marked improvement has taken place 
during the i>ast thirty years. No great and lasting 
advance may, however, bo expecterl, much le.ss a 
return to the great times of art, except by a complete 
and systematic training of the worker, and a corre- 
sponding elevation of taste on the part of the public. 

G. W. II. 

Design {Nng,^ etc.') The calculation of the dimen- 
flions, and the drawing of the parts of a machine 
or structure. 

Designer (A (1) One who makes an artistic 
design to l)e afterwards more elaborately executed. 
(2) One w^bo designs figures and patterns for the 
coannfacturer. 


DeBilveriSAtion* The process of freeing lead from 
silver before it is made into white lead, and to fit it 
for use in chemical works, by Pattinsonb Process 
iq.v.) In the Parkes Process the argentiferous lead 
is melted in large iron pots, and molten zinc is 
added. The silver possesses a greater affinity for 
zinc than it does for lead, so that on cooling most 
of the silver separates from the lead and combines 
with the zinc. 

Dessue or Dizzae (Mining), Catting out a thin 
lode in its entirety; also undermining or laying 
bare a lode. The term is chiefly used in Cornish 
mines. 

DestructiYe Distillation (^Chem,) See Distil- 
lation. 

Detachable (Cgoles). Any part of a cycle which 
can be easily removed aii<l rex>laced by the rider 
without any tools other th:iu those carried iji the 
valise may be teniied detacluiblo. 

Detail or Details (J^^ine Arts). Particular and 
subordinate parts uf a work of art or building, as 
distinguished from the larger parts 1>r the general 
conception. 

(Jrrhifert). Drawings generally int^rndwl 

for the use of workmen, i.r. WoRKTNtj DRAWINGS. 

(Photo.) The smallo- or the le>s visible 

parl.s of a picture, which are only ^ be setui in a 
well made neg.itive. 

Detent ( Watches, Clocks). (1) In a ohronon\etcr 
escai)em(*nt the delicate spring c;irr\ing the locking 
stone. (2) In a fu.se(s watcli or clock, or in a weight 
clock, the detainer of the maintaining ratchet, tlm 
object of which is to f)rcvont the stox)x»ing of a liino- 
piece 'while it is b(iing wound. 

Detrition (6W.) A term generally restricted to 
the reduction in .size of rock fragments by (‘.auses 
a mechanicfil natun*. 

Deuterozoic Rocks (OeoK' The group of rocks 
comprising the Djsvonian Rocks, Old Red Sand- 
stone, and (’ARBONIPEUOUS SVSTiJ^i. 

Developable Surface (AV/y., ar.) aVc Develop- 
ment. 

Developed Winding (Vteef. Nng.) A diagram 
showing the windings (.f an armature and their con- 
nections as they woiiUl aj>])efir if they were removed 
from the iron core and sj^rtad out on a fiat surface. 

Developer (Plwto.) A substance ■which renders 
the Latent Image (q.v.) visible. Developers a<;t by 
redaction {q.r.) of the salts of silver in the film : 
most of them are organic substances. tSce Pyho- 
GALIJC AiUD, HyDBOgUlNONlS, Eikonogen, Oktol, 
etc. 

Development (Geometry^ ^ng., etc.) (1) Giving 
full details of some part of a piece of work. 
(2) Drawing out on a flat surface the exact shape 
of a .sheet of metal, etc., which is to be hammered or 
bent into some required shai)e. Only certain shapes can 
be drawn out thus ; these are termed DEVELOPABLE 
Surfaces. Solids which are bounded by flat faces, 
cones, and cylinders are such surfaces; a sphere 
is not. 

(Music). The working out of “subjects” in 

ch'issical music ; that pari in .sonata form following 
the double bar. 

(Photo.) The production of a visible image 

on a sensitive film, which has been exposed or acted 
on by light. The process is one of Reduction (y.w.), 
metallic silver being x^roduced in a very fine state 
of division in the case of Acid Developuent, and 
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deposited on nuclei formed of silver sub-iodide (Ag^^) 
or sub bromide (-^.^r). In Alkaline Develop- 
ment the image is formed by the redaction of the 
sub-salt itself to metallic silver. As these sub-salts 
are only formed in the parts acted on by light, it 
follows that these parts will become dense and 
opaque by the deposition in them of the particles of 
metallic silver. The more intense the action of the 
light, the more silver sub-iodide, etc., is formtid, and 
hence there will bo a. gradation of light and shade 
in the picture. a/no Developers. 

Development, Acid (Photo.) Development (q.v.) 
in which an acid (c.< 7 . acetic acid) is added for the 
purpose of controlling the process, which would 
otherwise be too violent, and would result in the 
darkening of the whole plate. 

, Alkaline (Photo.) The use of an alkali, 

e.ff. ammonia or soda, along witli pyrogallic acid 
for some equivalent reducing agent). I'he alkali 
greatly increases the affinity of the body for oxygen, 
upon Avhich tl)e dcvchiping action depends. In many 
cases this action -would be barely visible if pyrogallic 
acid were used^alone. 

Deviation (Phyn.) In optics the angle through 
wd -ioH a ray of light is bent by a i*rism, lens, etc. 
Soe nho Minimum Deviation. 

, Magnetic. '^Iw* error of a compass wdiich is 

due to t he inagnotic effect of an i* n ship or of iron 
fittings in a wooflen ship. 

Device (Uor., rtc.) (1) An emblem or de.sign 
representing a family, pt?r.soii, or quality; usually 
accoin|jiwii<'d by a im^tto. L>scd in heraldry (an 
luM'aldic Ix'aring, ('ognisaiice. etc.); also in jminting 
and sculpture. (2') A motto or legend u>c(l in place j 
of such a dc.«igii. Sco Armorial Bearings. ' 

Devil (toundnj). A small portable grate con- 
lairiiiig a e.harcoal lire, used for drjing tlie internal 
stnfacoh of a mould. 

(Paper Afnnvfuv.) A machine used in the 

manufacture of pa])er for i-cmoving dust and dirt 
from rags. 

( Pluvih.) A plumbers firopot. : used for 

heating solder, etc. 

Devitrification ( OooL, etc.) All suustances of a 
vitrc<nis or glassy character tend with lapse of time to 
undergo mohicular rearrangement, (Jla.ss of Roman 
age, ono(i nu>r«* or less transparent, is iujw turbid, in 
consequence of such changes. The stained glass of 
iiu'diieval age in many of our catlicdrals (York, for 
instano(i) has become granular and brittle through 
dcvitiillcation. In Nature the proees.s plays an 
important part, especially in connection with erup- 
tive rocks whicii we.re at one time \ itreous, and have 
become stony or lithoidal through this cause. 

Devonian System (GeoL) The grouj) of rocks of 
marine origin, typically dcvelo])ed in Devonshire, 
which wore formed in the long interval betw-een the 
close of the Silurian period and the commencement | 
of the Carboniferous. The fossils have a facies inter- ' 
mediate in character between those of the two named. 
In Scotland and the north of England occur other 
types of rocks (the Old Red Sandstones), chiefly 
formed under Continental conditions contempora- 
neously with the marine Devonian rocks. : 

Devonshire Lace. A local definition. It has no ! 
decided characteristics, the 'workers being clever at | 
copying almost any style of lace that may be in j 
demand. I 

Dew (Meteorol., Phya.) Moisture dc]) 08 itod from j 
the atmosphere on a cool surface by a proc-ess of i 


gradual condensation. The cold surface lowers the 
temperature of the air in contact with it until any 
water vapour in this air falls to the temperature at 
which it condenses. 

Dewing (Woollen Mamtftie.) The process of 
damping the cloth, either to prepare it for raising* 
or to improve its handle. 

Dew Point (P//y.v., etc.) The temperature at 
whicli rnnist air becomes saturated and begins to- 
dep(»sit its moisture, thus forming dew'. 

Dexter (Her.) The right hand side of the shield,, 
bnt opiX)sitc to the left hand of the spectator from 
the front. 

Dextrine or British Gum (Chem.) A 

white solid; soluble in water; insoluble in absolute 
alcohol; dextrorotatory; does not reduce Fehling’s 
solution when pure ; gives no colour with iodine ; its 
solution heated with acids yields maltose and then 
glu(5ose (dextrose). The pure substance is made by 
the action of malt extract on starch paste at •about 
60^ ; after filtering, maltose is precipitated by re- 
]Kiated treatment with alcohol, find finally the 
dextrine is thrown out, by adding sufficient absolute 
alcohol. (;ommercial dcxtrincs, which are always 
impure, are made by healing starch or by acting on 
starcli w'ith dilute sulphuric acid for a short time 
only; tlu? acid is thou precipitated with chalk, the 
clear liquid drawm off, find the residue pressed ; the 
w'bole of the clear liquid is then conoentrat/ed in 
vacuum pans. As dextrine is a strong adhesive 
material, it is used for gumming envelopes, labels, 
and papers, finishing and thickening cotton, Jaco, 
etc., and is also sometimes used as a binder in 
making watercolours (rpr.) Dextrine required for 
commercial use should be free from acidity, dissolve 
almost Woolly in cold w'ater, and yield a solution of 
a light browTi or yellow ish colour. 

Dextrorotatory (P////v., Chem.) A compound is 
sail I to be dextrorotatory wdien it has the power of 
rotating the ])laiie of polarisation of light to the 
right See I'olartsed Light. If the substance is 
a solid, it is examined in .‘■elution in a suital Ic 
inactive solvent, ^re Asymmetric Caruon Atom. 

Dextrose, Glucose, Grape Sugar (Chem.), C'lLOH . 
(CllOJl), . (IHO. A white crystalline solid, anhydrous 
w lien crystal li.sed frojn strong alcohol, containing one 
molecule of water when crystallised from wrater ; the 
.anhydrous solid melts at M(r. It is dextrorotatory, 
and the freshly made solution riAatcs the plane of 
polarisation about twice as strongly as a solution 
which has stood for some time (bi-rotation) ; it is 
le.ss swci't than cane sugar. Dextrose is readily 
soluble in water; alcohol diminishes its solubility,, 
and anhydrous dextrose is insoluble in absolute 
alcohol. It occurs in honey and many sweet fruits, 
always along wdth lie\ulose (^/.v.) ; also very largely 
in the urine in diabetes mellitus. In combination it 
occurs in the important class of substances called 
Glucosides (q.v.) Dextrose may bo prepared by 
inverting a solution of cane sugar (that is, convert- 
ing it into dextrose and Ifevulosc) by the action of 
yeast or dilute suit »huric acid (after inversion the aciil 
must be removed by baryta water), evaporating the 
solution to crystallising point under reduced pres- 
sure, washing the crystals with rectified spirit, and 
them crystallising from the same till pure. The 
commercial glucose wdiich is used in making beer,. 
sweets, jams, etc., contains dextrine, and is made by 
the action of dilute sulphuric acid on various kinds 
of starch. Dextrose has been synthesised Formal- 
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dehyde (CH^O), acrolein dibromide (PH^r . OHBr . 
CHp3, and glycerose, a mixture of the ketone 
and ^aldehyde of glycerine (j'.v.)* undergo con- 
densation to a-acrose, which is inactive Isavulose. 
ITiis yields on reduction inactive mannitol, 
from which inactive mannonio acid (or its lactone) 
can be obtained by oxidation. Inactive mannonic 
acid can be resolved by strychnine into the dextro- 
and Imvo-acids. The dextro-acid, when heated to 
16(y* with quinoline, is partially changed to rf-gln- 
conic acid (a stereoisomeride), which on reduc'tion 
yields glucose. The following are import ant reactions 
of glucose : it reduces Fehling’s solution and also 
ammoniacal silver nitrate ; ferments with yeast, 
giving alcohol and carbon dioxide as chief products ; 
unites with CaO, BaO, SrO, forming GeH,.,OgCaO, etc. 
Carefully oxidised, it yields the monocarboxylic 
acid gluconic acid, CH,OH . (CHOH),COOII. More 
strongly oxidised, saccharic acid is obtained, COOH 
'(CHOH)^COOH. Like aldehydes generally, it unites 
with* hydrocyanic acid, with hydroxy lamine, and 
with phenylhydrazine, forming cyanhydrins, oximes, 
.and hydrazones respectively. With two molecules 
of phenylhydrazine, the very important glucosazone 
CH,On(CHOH). . C , CII : N . NHC^H^ 

is formed. 

See Ljbvulosb and Osazonbs. Tlie formation 
of this substance serves as a test for glucose. As 
glucose is a pentahydric alcohol, it has the powt^r 
of forming esters with acids ; thus it forms a penta- 
acetato. On reduction, glucose yields Sorbitol, a 
hexahydrio alcohol stercoisorncric with mannitol. 

Dextrotartarie Acid {Chem,) Ordinary Tar- 
tabic Acid 

Dhooifie ( Cotton Weamng). ( 1 ) A calico cloth with 
various bright coloured threads near the selvedges, 
forming a border. Sometimes a figured border is 
put in and called Figured Dhoolie. Mostly for 
export to In<lia. (2) The name of the loin cloth 
worn by Hindus. 

Dhorra {JJotany^, Sorghum vulgaro (order, 
Oraminece), A cereal grown in Southern Europe, 
Egypt, and India, under tlie name of dliurra or dari, 
great millet, or guinea corn. 

Di {Chem.) Symbol for Didymium Cy-t'.) 

Diabaae {Geoh) A name applied in very different 
.senses by different writers to rocks allied in compo- 
sition and structure to dolerite (g.v.) It is impossible 
to give an exact definition which would be generally 
-accepted. On the Continent the term is usually 
.applied to a basic eriiptive rock (usually a dolerite) 
wluch is of pre-tertiary age. 

Diadem* A C'BOWN(r/.r.) (1) Anciently a band or 
•fillet, either plain or adorned with jewels, worn as a 
•badge of royalty, especially by Oriental sovereigns. 
It was made of linen, cloth, or silk, generally white 
in colour, and passed round the forehead, the ends 
l)eiiig tied behind, and falling on the neck. (2) The 
aureola or crown of a martyr. 

(BJ?r.) One of the arches rising from the 

rim (jf a crown (or coronet) and supix)rting Hie 
mound and cross. Sre Diadumenus. 

DiadumenuBy a {Sijulp.') The name given to 
.atatues in which the figure has a fillet or diadem 
(ff.u.) bound round the head. The name was given 
to a celebrated statue by Polyolctus. 

Diajtittal {Geometry), A line drawn between 
^opposite comers of a geometrical figure. 


liy|(goBat< A^r.) A Bbaob or Stbut {q .v,) running 
dia^nully across the openings of a built up girder 
or other framed structure. 

-- — (^TeseUle Manufae,) A type of woven design 
of i.he twilled character. 

Diagonal Bond (Build,) Bricks laid diagonally 

in the interior of thick walls. 

Difl^onal Winch (Bng,) A Steam Wikoh (q.v.) 
in which the cylinders arc fixed at an angle with the 
base plate. This arrangement takes mmm less room 
than a horizontal one, and is much more rigid than 
a vertical engine. 

Diagram* (I) An illustration or drawing which 
represents some part of an object, or illustrates some 
principle. (2) An Indtcatob Dtaobam. AIsq a 
figure or drawing for the purpose of demonstrating 
the properties of any geometrical figure, as a triangle, 
circle, etc. : any illustrative figure, etc. 

Diagraph. An optical instrument used for draw- 
ing, mechanically, projections of objects, maps, etc., 
on a scale i>roportionate to the di-stanse of the instru- 
ment from the object. It con.sists of a glass, to 
which is attached a pencil governed by cords. The 
operator looking through the glass follows tb^ lines 
of the object to be delineated, and as he moves the 
glass the pencil also moves and reproduces it. 

Dial. (1) In general a disc or plate on which 
graduations are markt»d ; these graduations enable 
the position of some form of pointer or index to bo 
read off. (2) A Miner’s Dial (q.v.) 

Diallage (Ml?!,,) A clear green monosymmetric 
pyroxene occurring in seryM-mtine and in some (iab- 
bros It is a variety of Augite which ha.s 

undergone some change arising from the action of 
subterranean water.-?. See Tyboxene. 

Dialling er Latching {Snroeyhtg), l^ocal terms fur 
mine surveyiug. 

Dialog! te (Min.) Mangane.se carbonate, MnCO,. 
In rhombolietiral crT.^tals, often rose red (hence the 
synonym Kii()J)ochkoisite) ; also yellow or brown; 
also massive and imrusting. Dissfdves in warm 
hydrc^chloric acid. From Shropshire, Warwickshire, 
Ireland, Saxony, Hungary, North America. 

Dialysed Iron ( Oheiti. ) Feme hydioxide dissolves 
in a solution of ferric chloride. If such a solution 
be placed in a dialy.ser (a glass vessel oj)en at the 
t(ip and bottom : for use as a dialyser the bottom 
is co\crcd with parchment and the vessel floated on 
water, the liquid to be dialysed being placed in the 
vessel), the solution forms hydrochloric acid, and a 
solution of ferric hydroxide remains on the dialyser. 
This i.s called dialysed iron ; it is used in medicine 
where other iron preijarations are unsuitable. 

Dialysis (Chem.) Certain substances, such as al- 
bumin, gelatine, silicic acid, etc., having very hi^h 
molecular weiglits when in solution in water, will 
not pass through a membrane such as bladder or 
jmrehment when the latter is floated on wat<}r ; while 
most crystalline soluble substances will do so. The 
process of separating, by the use of such a membrane, 
a mixture of substances of the first class from sub- 
stances of the second class is called Dialysis. For 
an example, eee Dialysed Iron. 

Diamagnetism (Phys.) Substances whose mag- 
netic permeability isf less than unity (i.e. less than 
that of air), or whose magnetic susceptibility is 
negative, are said to be diamagnetic. tJnlike para- 
magnetic substances suoh as iron, they tend, in a 
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toagnetic field, to set tUemaelvotf so that ||6 few %es 
<of force as possible pass though them, and henee^e 
repelled by a magnet pole. 

Diajaete. (1) Tbe line drawn across a figure ; 
nsnally a' line drawn through its centre. (2) The 
length of such a line. 

Diameter of Commutation Bug,) A 

diameter of a commutator drawn through the points 
of contact of the bnishq^. 


Diameter Theory (^Textile Manufcbo,) The thobry 
of setting the olot^, based on the diameter of the 
threads and the number of intersections of warp 
and weft in a repeat of the weave. 

Diametral Pitch (^Eng.). The number of teeth on^ 
a spur wheel divided by the diameter of the Titch 
CiBOLB { q , v ,) 

Diamidoazohenzene ( Chtm,) Chbtsoidine (q.v,) 

Diamines Wiicn one ;itom of hydrogen 

from both of two molecules of ammonia is replarjed 
bv a divalent radical, the resulting compound i.s called 
. CII,. OH. 

n diamine; e.g, ethylene diamine is N<-TT Tl-oN 

IV 

and metaphenylene diamine is 


and 


(1:3). 

■Nil, 

Cadavbkine 


The TTOMAINISS, rUTllESClNB, 

(y.v.) are diamines. 

Diamond {Min.) Carbon in its cubic form 
{(if, Ckapiiite). Occurs in octahodra, often with 
curved faces. Colourle>s, rarely yellow, red, blue, 
or black. It often occurs in waterworn pebbles, 
in alluvial deposits associated with other precious 
«tones, and in sandstone aivl ^Mdiie earth.’* Its 
hardness, its resistance to acids and alkalies, and its 
high refractive index make it. pre-eminently suiUible 
for use as a gem. Diamond also occurs in a comi«iet 
variety known as Bout, which is used in cutting gems 
and to arm the crowns of rock drills. Localities 
for the diamond are ISouth Africa, Brazil, India, and 
Australia. S(>.e also I’liECious Stones, 


{Tradffi). Often used to form the cutting 

point of a tool, e.g, drills, a glazier’s glnss cutting 
tool, some forms of saws for cutting bard stone, etc. 
J)iamonds of inferior quality and bad colour are 
generally «sed in this waj\ 

) ^ between gem and 

pearl, and equal to half the body of boiirgeoi.s. See 
Typb. 

Diamond Dust. Fine refuse from diamond cut ting, 
used for grinding and cutting very hard substances. 
For example, in cutting rucks or pebbles into various 
shapes, diamond dust is apjjlied to the edge of a thin 
rotating disc (a lapidiixy’s wheel), which then acts as 
a fine saw. 


Dlanella Tazmanica 

{Jiotany). Order, 
Liliaoem. The “Broad 
Leaved Flax Lily’* of 
Tasmania and Australia 
yields a good fibre for 
papermaldmg, and is 
easily grown. 

Diaper A 

surface ornament, eitiier 
carved or pointed, 
usually repeated in 
.eqnares, and applied to 
tbe face of a wall. It 



.DjaF£K {A)'ChitilCt,) 


was Cxtenslvely^sed in England during the Eably 
Enolisb and Bboobatbd periods. ^ 

Diaper {Ser,) A surface decoration of a shield vsed 
only as an ornament. It must not be oonsidereft aa 
a charge. 

{TesBtiUit), A class of cloth in which the 

design is formed by alternate squares or lines of 
warp and weft face, and which is reversible. The 
old Diapbbs or Dobnics were usually of a dam- 
board or dice pattern, and were used for coarse table'* 
cloths ; but now diapers are mostly of the bird’s-eye 
or small diamond pattern, and are used for many 
purposes, such as childron’s bibs, towellings, dusters, 
etc. The name “ Dornick ” is derived from Tournay, 
in France. Synonymous terms. Diced, Dimity. 

Diaphaneity. The propeity of transmitting light. 
When a substance possesses perfect diaphaneity, it 
is said to be Tbansparbnt; when it transmits 
some light, but is not clear enough to allow objects 
to be seen through it, it is said to be Tbansluobkt. 
When no light can pass, it is Opaque. 

Diaphragm. A general name for a partition across 
a space or cavity. 

{Photo,) A partition with a circular opening 

placed in or near the lens to reduce the diameter 
of the pei^cil of rays passing through it. A small 
opening increases the sharpnes.s of the image, but 
diminishes the intensity of illumination of the plate, 
and therefore ncc.essitates a longer exposure. 

{^oolvgy). The partition between the thorax 

and abdomen in a mammal. * 

Diastase or Amylase {Cliem.) An Enzymb 
{((.v,) of unknown composition ; it contain.*? carbon, 
h\(lrogen, nitrogen, oxygen, sulphur, and ajili. It 
can be obroined from malt in a variety of ways ; 
e.g. the malt is treated with al 9 ohol, the residue is 
extracted with glycerine, and the glycerine solution 
is precipitated with a mixture of alcohol and ether. 
The precipitate is dissolved in water, and once more 
precipilattMl by alcohol, Diastee is a yollowish- 
white amorphous powder. Diastase (or substances 
closely allied to it in properties) is extremely wide- 
spread in nature, occurring in plants and animals ; 
e.g. the so-oallcd Btyalin of the saliva is a diastase. 
The chief projxirty of diastase is its power of convert- 
ing starch into dextrine and the sugar maltose. The 
most favourable temperature for its action is about 
.^4®: it is destroyed (when in solution) at 75®. 
Diastase i.s the most important constituent of Malt 
Extract, but many preparations, on account of the 
high temperature employed in their manufacture, 
contain no diastase. See also Enzymes, 

Diastyle {Architect.) The name given to the 
spacing of the columns in a Grecian temx>le when 
the space between the columns is equal to three 
times the lower diameter of the shaft. See Abjeo- 
STYLE, I’YCNO.STYLE, SYSTYLB, EUSTYLE, arid INTBB- 
COLUMNIATION. 

Diathermanouz {Phys.) Substances wiiioh are 
transparent to radiant heat are said to be Diather- 
manous {e.g, rock salt). 

Diatom {Biology). Dt-atomaceoi, a class of very 
minute unicellular plants {Algte) found in fresh and 
salt water. Their silicified vahes occur as fossils, 
and form the deposits known as Diatom Eabth. 

Diatom Earth. Accumulations of the siliceous 
cases or fmstnles of the minute and lowly form of 
vegetable life known as diatoms. The “ earth ** In 
most cases has gradually accumulated on the bottom 
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of fresh waiter ]ako.s. Tt has a considerable com- 
mercial value, and under the name of Diatomitb is 
largely employed in the manufacture of dynamite. 
A iso termed KiESELGUHB and Mountain Meal. 

Diatomic Molecule {Chem.) A molecule of an 
element cuntiiining two atoms. Thus the molecules 
of hydrogen, oxygen, nitrogen, and chlorine are each 
Udieved to consist of two atoms of the respective 
elements. 


Diatonic (Music), Consisting chiefly of tones, as 
opposed to chromatic. Melody is formed wholly on 
the diatonic scale. 


Diatonic Scale (iSo?ind). A series of notes whose 
frequencies are proportional to the quantitie.s 
1 JL 4 » A 2 

■•'IS* 4» U» 2» ft » 

This gives a succession of the following intervals: 
Tone, Tone, Semitone, Tone, I’one, Tone, Semitone. 


Diazoamidobenzene (Chew.) See Diazo He- 
ACTIONS. 


Diazomethane (^7/rm.), CH./|1. A yellow gas; 


no smell ; poisonous ; attacks the eyes and skin. 
Water decomposes it, forming methyl alcohol; acids 
give the corresponding methyl ester. It Is obtained 
by the action of alk.aiis iijjon nitrosomethyl urethane: 


yN . CH, 

CO^ I >OXa 

XO + TlONa = CO< + II„0 + 

4 



oc.p-r, 

See Urethanes. 


Diaj^onium Salts (Chem.) Scr Piazo Reactions. 

Diazo Reactions (Citem.) When an aiomalic. 
amine is converted into a salt and a solution of the 
salt treated with nitrous aci«l below 5”, a diazonium 
salt is produced. This process Is called DiAZOTtSlNG, 
and the reaction is called the Diazo Reaction. 
For example, wlien one mtjlecular proportion of 
aniline is dissolved in between two and three 
mtflecular proportions of hydrochloric; acid dilute<l 
with water, a solution of aniline hydrochloride is 
formed, and one molecular ijroportion of the acid is 
left over. The solution is now cooled to 0°, and one 
molecular j^roportion of .sodium nitrite in strong 
solution is gradually aflded ; lids, with the free acid, 
forms nitrous acid, which, with the aniline hydro- 
chloride, forms the diazonium chloride 

TTCl + OX .OH jN + 2H,0. 

Cl 

The diazonium salts are (lolourlcss, crystalline .solids 
soluble in water and insoluble in ether; they are 
unstalde, and soitk; (e.g, the nitrate) are explosive. 
They are usually only prepared in solution, and their 
very great importance consists in the fact that they 
undergo many important reactions. The following 
are examples : (1) Warmed with alcohol, the grouj) 
NjX is replaced by h3"drogen, e.tj. ’1 giving 

CHlljBrg. (2) Boiled with water, they" give jflienols, 
e.g. CgHjCHjjN/l gives CglijCH^OIT. (IV) J-lcated with 
cu]irous chloride, bromide, or (*yanidc, chloro, bromo, 
and cyanogen derivatives arc formed, e.g, benzene 
dwzonium chloride with cuprous cyanide gives 
Phenyl Cyanide (Bknzonituitk), C^HjCN. (I) 
Heated with potassium iodide, tlie diazonium sulphate 
gives an iodo compound, e.g, gives 

•Phenyl Iodide (Iodobenzene), CgHjI. (5) The 
diAzonium bromides add on two atoms of bromine 


and form perbromides, e.g. C^H^NBr . NBr,, : the latter 
compound with ammonia gives Diazqbenzbneimide^ 

a liquid with stupefying odour. (6) 


Reduced with stannous chloride, benzene diazonium 
chloride gives PlI BN YLHYDRAZINB HYDROCHLORIDE, 
OjHj . PIN . NHJlCl. (7) With aniline, benzene 
diazonium chloride forms DIAZOAMIDOBENZENE, 
C JT^N : N . Nile. lift, a yellow crystalline solid which, 
when heated with aniline and aniline hj'droohloride, 
is changed to the isomeric AmidoazobenzeNE, 
C^ITft . N : N . CellftNIT.^, a yellow crystalline solid ; its 
disulphonic acid is a valuable dye — Fast Yellow. 
A few fatty diazo compemnds are known ; thu.s 
.N 
riT / (I 

Diazoacetk? Ester, j is obtained by the 

coocyift 

action of nitrous ac‘id upon tlic hydrochloride of 
CHoXHJTn 
cthvl aminoacetate, I 

(:OOC,,Hft 

Dibasic Acids (Chem.) Acids wdiich form two 
sails with a mono valent element, such as sodium, 
potassium, or silver; or with a monovalent group, 
such as the ammonium group or the methyl 

(CH.) or ethyl (CJlft) groups. Thus sulphuric acid, 
Il.,SO,, is a dibasic acid because it forms the salts 
NaHHO^ (sodium hydrogen sulphate) and Na^SO^ 
(sodium sulphate), etc. 

Dicarboxylic Acids (Chem.) Organic acids con- 
taining two — COOK groups are called dicarboxyl ic 
acids. Thus, the simplest possible dicarboxvlic acid 

coon 


is oxalic acid, | 

coon 


Diced. See Dr a per, 

Dichlamydeous ( Cotany). The term used in 
dese.iiptioii of a flower ^when both whorls of the 
I)oriaiith are present. 

Dichroism (3//w.) The propeity some minerals 
have of cxljibiting two different colours when 
Mewed ill two different diiections, e.g, lOLITB or 
DlCJIJtOTTE. 

Dichroite (Min.) .'vnonym for lOLiTE (q,v.) 

Dichromate CoIL See Cells, PicimarV. 

Dicotyledones (Botany). One of the two divisions 
of flowering jilants, characterised by the presence of 
tvw (;ot vie' Ions or .seed leaves in the embryo. 

Didactics. I'he art or science of teaching. 

Didymium (Chem.) This substance occurs in 
ceiito along with Cerium, Lanthanum, and Samarium : 
it was formerly regarded as a single element, us 
solutions of its salts yield a characteristic absorption 
spectrum. But it has been resolved by fractional 
crystallisation of the <louble nitrate with ammonium 
into two others: Neodymium, giving pink salts ; afld 
Praseodymium, giving green salts, and both having 
c.haracteristio absorption spectra. Neodymium is 
itself most probably not a single element. 

Die (Arehifecf.) The cube-shaped body of a 
pedestal. It is also laiowii as the dado, Sf‘€ 
Pedestal and Dado ; also Architecture, Orders 

OF. 

(Eng., etc.) (1) An engraved stamp employed 

for impressing a design upon some softer material, 
such as coins, medals, etc. Dies are often used in 
pairs for impressing different designs on the opjiosite 



Bides of fhe artiole stamped. (2) A pnttitig tool 
tised for iormiii^ aa ezbemal sorew thread. ^ See 
Btookb anp Bibs. 

Die Box (i%.) Tbs part of a Scbbwihg Ha- 
wMcU contains the Dies. 

Die Chiudc A ohnck in which work is held 

by two (or three) small jaws, carried in radial slots 
alona wnioh they can be moved to or from the centre 
of the chuck, sometimes the jaws are actuated by 
mechanism, so that they move simultaneously; the 
ebuok then becomes Self-Centring. 

Dleleotrio (Meet.) Insulating or non-conducting 
material through which lines of electric force run 
from one charged body to another. See also Specific 
INDITCTIVE Capacity. 

DieBil iPhys,) I’he interval between two notes 
whose frequencies are as 25 : 24. It is the difference 
between a minor tone (frequency ratio and a 
limma (i|). 

Pie Square {Carp.) Bough timber of a square 
section, not sawn. 

Diethylamine NircCaHja. A colourless 

inflammable liquid with strong ammOnia-like smell ; 
boils at 6(>® ; soluble in water ; a strong base. 
For •preparation, sre under Ethyl amine. It is a 
secondary amine. Its chief reactions are: (1) With 
ethyl oxalate it forms Ethyl Diethyloxamate, 
CON(C,H.), 

I , a liquid. (2) With nitrous acid 

COOCoHj 

it forms yiTUOSODlETHYLAMINE (C.^HjX.N . NO, a 
yej low liquid, (iJ) With ethyl iodide it forms Tri- 
BTHYLAMINE IJYDUIODIDE, N(CjjH,,)J 1I. (4) With 
acetyl chloride it forms Diethylacktamide, (C..HA 

N. oc.cn,. -V . 

Difference of Phase (/%«., etc.) Ser Harmonic 
Motion. 


Differences, Marks of, nr Brisures (Tier.) Dis- 
tinguishing marks or figures added to heraldic 
compositions for tlic purpose of ideiitifying different 
members of a family who have the right to bear 
the paternal arms. For in>tance, eldest sons bear 
their fatluTs’ arms differenced with a label as a 
distinguishing mark ; I lie second bears a crescent, 
tbo third a mullei, tlic fourth a martlet, and so forth. 
These are used daring the lifetime of the father. 

Difference Tone (Sound). When two notes sound- 
ing together produce beats (/y.r.), a tone can some- 
times bo Ijeard whose frequency is equal to the dif- 
ferenc-e of the frequencies of the 1 wo original tones. 
This deeper tone is termed a Difference Tone. See 
also Combination Tones. 

Differential 
Gear (Motor 
Oars). A. train 
of wheels con- 
necting the two 
hahes of the 
driving axle of a 
oar witn the 
shaft which 
transmits t h v 
power from the 
engine. This 
permits the 
wheels of the car 
to revolve at 
different rates 
when turning a 

corner, but mvi’BuesTiAL Qeab. 



causes both to revolve together ifhmdllrtng' slight 
forward. In a typical form A and B ace the two halve# 
of the axle ; d and o are bevel wheels keyed on A itnd 
B ; o is the rkn of the sprocket wheel, the wheel 
by means of which the power is transmitted from ^he 
engine to A and B ; B and F are small bevel wheels, 
gearing with o and D, and carried on axles 0xed to. 
the sprocket yrheel G* In straightforward driving 
E and F do not rotate, and therefore Q and D tum 
with G. When the whole vehicle is caused to tum 
from its previous straight path, B and F can rotate in 
such a way as to allow a difference in the rate of 
rotation of the two lialf axles A and B. 

Differential Motion (Cotton WeaviTsg). A very 
important and essential motion on the flyer frames 
for determining the reduction in speed of bobbin 
spindles as the diameter of bobbin increases during 
the winding on of tho roving wliich is given off by 
the draw rollers. There are several motions, the 
chief of which arc as follows: (1) Holdsworth’s ; 
(2) Curtis & Rhodes’ ; (3) Dobson A Barlow’s ; 
(4) Tweedalo’s ; (5) Brooks A Shaw’s. Sometimes 
termed “ Jack-in-the-box.” 

(^Pnfj.) (1) Differential gear (pv.) such as 

is used in motor cars. (2) Any rnechaniam in which 
a motion is obtained wliich is the difference of two 
sc[)arate motions ; in tho so-called Chinese wind- 
lass, in whi(^h one end of a chain is unwound from a 
barrel, while the other end is wound up on a larger 
barrel, thus raising tiie loop or bight of the chain at 
a slow rate. 

Differential Pulley. A block with a set of pulleys 
and an endless chain. The mechanical advantage 
dc)Kmds on the difference between the diameters 
of the pulleys. ^ 

Diffraction. The general name for the phenomena 
produced when light passes through any very small 
opening or past some obstacle casting a shadow. 
According to ordinary experience in such cases sharp 
shadows are produced, whereas, according to any 
wave theory, sharp shadows should not be x^roduoed. 
When, liowevor, light diverges from a point source or 
a veiy narrow slit, maxima and minima of illumina- 
tion arc i)roclucod outride, and sometimes inside, the 
geometrical shadow, giving rise to what are termed 
Diffraction Bands, and these can be shown to be 
exactly in awiorflance with theory when the very 
small length of light waves is taken into account. 

Diffraction Grating. An arrangement practically 
equivalent to a huge number of very narrow slits 
close together, thus vastly increasing the brilliancy 
of the diffraction effects obtained. They are pro- 
duced by ruling some surfar^e, such as glass (trans- 
mission giating) or metal (reflection grating) with 
from 5,0(X) to 40,000 lines or scratches to the inch. 
The best gratings are ruled on a concave metallic 
mirror of small cm* vatu re, a method introduced by 
Rowlands. Good gratings are very costly, but useful 
replicas can be obtained on gelatine films. Diffrac- 
tion gratings arc used for the production of spectra 
without the aid of a prism, and their main import- 
ance lies in the fact that they afford almost the only 
luactical method of accurately measuring the wave 
l€*ngth of light, 

DlffusiometeF (Phys., OJtem.) A piece of appa- 
ratus used in examining the rate of diffusion of gases. 

It is merely a straight glass tube, one end of which 
is closed by a porous material such as plaster of 
Paris or a thin piece of gas carbon, tiie other end 
being open. The porous end is covered with a sheet 

n 
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of robber ; the tube is filled with mercury and inverted 
over mercury, and the gas to be examined is pa^ed 
in. The level of mercury inside and outside being the 
same, the rubber is removed at a givem instant, and 
the process of difEusion begins. The mercury levels 
being kept as nearly as possible the same during the 
experiment, the rubber cap is put on again after a 
known inton al, and the amount of air which has 
entered the tube, as determined by analysis, during 
the time of the experiment measures the rate of 
diffusion of the gas relative to that of air. 

DiffoBion (Phya., Chem.,) This term in its widest 
sense implies tlie spemtaneous mixing which occurs 
when two or more substances are brought in contact 
with each other.’ The phenomenon is most pro- 
nounced in gases. When two gases arc brought 
together they rapidly mix, even against gravity. 
Thus, if two flasks be joined together by a glass tube 
passing tli rough rubber stopfjers, and the lower flask 
be filled with carbon dioxide and the higher with 
hydrogen, the gases will form a homogeneous mixture 
after some time, in spite of the fact that the carbon 
dioxide is twenty-t wo times as heavy as the hydrogen. 
Graham showed by moan.s of the Difpusiometer 
(qjv.) that gases diffuse at a rate which varies in- 
versely as the square roots of their densities; c.//. 
the density of hydrogen being one and that of oxygen 
sixteen, hydrogen diffuses four times as quickly as 
oxygen. Liquids also have the power to diffuse into 
each other ; but the process is incomparably slower 
than in the case of gases, and there is no such simple 
law of diffusion in tlic (;ase of liquids as that which 
holds in the case of gases. Dissolved substances 
have also the projKjrty of diffusing tl trough the 
liquid serving as solvent ; thus a solution of copper 
sulphate may be placed in a tall cylinder and water 
cautiously poured upon it so as not to mix with the 
solution. On standing, the copper sulpliute will be 
seen to pass very slowly up the cylinder into the 
water. Solids also diffuse into each other, but very 
slowdy. A plate of high carbon steel pressed against 
a plate of pure iron gives up carbon to the iron even 
at ordinary temperatures. The phenomena of diffu- 
sion arc explained on tije supposition that the mole- 
cules uf matter arc in a state of rapid motion. Jn 
gases the molecules have the greatest freedom, so j 
that mixture takes place readily; while in liquids j 
and solids the molecular coiiditi<jns are much more • 
complex, and diffusion is much slower. The passage j 
of a gas through a porous material into another gas I 
is also called diffusion, and the law of gaseous diffu- ! 
fiion bolds the same whether there is a partition or 
not. A partition is useful w’hen it is desired to effect 
a piirtial separation of two gases which differ suffi- 
ciently in density. 

DiflPaBiyity {Phya.) The ratio between the con- 
ductivity of a substance and its spccificj beat per 
unit volume. If k = the coefficient of conductivity. 
a the specific heat, and p the density of the body, the 
diffusivity or, as it is also called, the coefi^icient of 

thermometric conductivity = — . 

.vp 

Digester { Payer manv/aeJ) A strong steel vessel 
used for boiling rags, esparto, and other raw materials. 

Digesters (Chem. Eng.) Apparatus of various 
forms (generally provided with stirrers or a false 
bottom) for “ cooking ” materials with steam, usually 
•under pressure, e,g, in the separation of oil, fat, or 
grease from fish offal, slanghter-house refuse, and 
bones. 


Digestion {JZoology), The process by which the 
food is changed into soluble substances that will 
readily diffuse through the walls of the alimentary 
Canal into the blood. See Chyme, etc. 

Digger {Civil Eng.) A term applied to a 
mechanical excavator. 

Digitalin. The alkaloid obtained from the leaves 
of the foxglove,* Digitalis purjmrea (order, Sere- 
phulariaoetB). 

Diglyph {Aroliitect) A projecting face used in 
the Doric entablature, similar to a triglyph, but 
having only one complete and two half channels. 
See TRiaLYPH. 

Dihydric Alcohols and Phenols {Chem.) Alcohols 
and phenols containing two hydroxy groups. Thus 
CH.OH 

glycol is a dihydric alcohol, | ; hydroquinone 

CH 2 OH 

is a dihydric phenol, CgH/OH)^ (1 : 4). See hlao 
AncoiiOL, 

• 

Dihydro {Chrm.) A prefix implying tlie addi- 
tion of twY> hydrogen atoms to a comi)ound. Thus 
dihydrobcnzeiie is a compound formed by the addition 
of two atoms of liydrogen to benzene : Ben- 

zone. Dihydrobenzene. 

Dihydroxy ( A prefix implying the 
proseuce in a com]K>uud of two hydroxy groups. 
Thu.s tartaric acid is called dihydroxysuccinic acid, 
be(janse it may be regarded as simoinic acid in wliich 
two hydrogen atoms are replaced by two hydroxy 
groups. 

CiLCOOH niOTKTlOH 

I ■ I 

(■n/!OOH CHOUOOOH 

Succinic* aciil. PibydroxyHiicciiiic acid. 

Dihydroxy tartaFic Acid (TArw.), | 

(■(Oll).,COOII 

Alan called Dioxytartaiuc .\crD, An uustfible 
crystalline .solid melting at 114° To make it tar- 
taric acid is dis.s^jlved in fuming nitric acid, mixed 
with concentrated sulphuric, aciil, and all(»wod to 
stand ; the solid, which sei)arat es, is carefully brought 
into ice cold water and allowed to stand some days. 
The solution of the acid so obtained yields a nearly 
in.soluhlc sodium salt; it has been suggested a.s a test 
for sodium. With phenyl hydrazine parasulphonic 
acid it yields a beautiful golden yellow dye, 
Tartbazink, 

HOOC . r : N - 

llOOC . O : N - NHCJl,SO,OH 

Dike. A Dyke {q.v.) 

Diketones {Chem.) Compounds containing two 
ketone (—CO—) groups. The simplest diketone is 
diarotvl, CH^CO . COCIlj. When the ketone groups 
are adjacent they arc called a or 1:2 diketones ; 
when scjiarated by a CH^ group, ^ or 1 : 3 diketones ; 
and so on. Diacetyl is interesting because it has a 
yellow colour and a smell like quinoue (y.r.), which 
is an aromatic diketoiie. AgetOHYLAOHTOKE is 
important because of the readiness with which it 
yields derivatives of the heterocyclic ring com- 
pounds, Furfueake, Thiophene, and Pyrrol. It 
is a pleiisant smelling liquid, boiling at 164^ and 
may be prepared from ethyl acetoacetate {q.v.) by 
making the sodium compound, treating tins with 
iodine, and allowing the resulting ethyl diaoetyL 
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isuccinate to staftd in contact with caustic joda 
solution. 

CH.COCH . COOCjHft 


•CH^COCH . COOCjHj 


+ 2HjO 


CH,00 . CH. 


+ ILO. 


I +2C02 + 2C,H5.0H 
CH,CO . CH, 

Acetonylaceton6 can exist in the tautomeric («<?/? 
Tautombbibm) form, CTl.fi , OH = CH - OR = 
C . OH . CHg. Heated with phosphorus pentoxide, 
it forms ao- D imethyl Fubfuhanb; 

CH,C - CH _ yjj 

OH q/ 

OH 

CH,C = CH CH,.C — CH 

With phosphorus pentasiilphidc (which withdraws 
water and gives SH.,) we get ao-Di methylTuiophene, 
OHa . C - CH 

^ With ammonia it gives aa-l)i methyl 

CH,.C = CH 
Pybrol, 

VTl, . C = CH 


on, . C - (^TT 


OTT 

OH 

CH, . C CII 


Nil = 2HjO + HN'/ 


CU,.0 CII 


Dilatoineter An instrument for deter* 

mining tlie cubical expansion -of liquids. In one 
form a bulb is tilled with the given liquid at a 
known teiuporatuve, and Uie increase in volume is 
obtained by observing the rise of tlie licpiid in luo 
neck at.ta<ilied to the bulb, the cros-s section of this 
neck having been ai'curately determined beforehand. 
On making a suitable correction for the expansion of 
the bulb, Oic true cootTicient of cubical expansion 
of the liquid can be calculated if we know the 
original volume and the rise in ’emperaturc to 
which the liquid has been subjected. 


Dill {Jiotany'). Pempdannm yravpolcm (order, 
limhell'iferff!). The dried fruits produce on distil- 
lation an oil used in pharmacy. 


Dilluelng (Jdmimj). Cornish term for washing 
powdered ore. 

DiluYlum {(reol,) A name applied by the older 
generation of geologi.sts to all the superficial accumu- 
lations, and especially to those now regarded as of 
glacial origin. Formerly tliesc ililuvial deposits were 
supposed to have been formed by the Flood, or by 
some vast and destructive debacle. 


DimenBlons etc.) The measurements of 

work which are sliown on working drawings. 

Dimensions of Units. The power which shows 
how a derived unit is related to a fundamental unit ; 
e.g. a unit of volume (derived) varies as the tkiril 
prnver of the fundamental unit of length on which it 
depends, and therefore the unit of volume is said to 
be of dimensions three in length. The unit of velocity 
varies directly as the unit of length, and inversely as 
the unit of time ; its dimensions, therefore, are 1 in 
length and —1 in time. See also Units. 

Dimethylamine {Cheni.) (CHs),NH. A gas ; 
when liquefied it boils at 7°. In its properties it 
closely resembles diethylamine and it may be 

prepared in a similar way. It is also prepared by 
boiling nitroBodimethylaniline (j^.v.)with caustic soda. 


Dimethsrlanillne ( €Uem.) A colour- 

lo^ oil boiling at 192^. It Is prepared on a large 
scale by heating a mixture of aniline and aniline 
hydrochloride with methyl alcohol (free from acetone) 
at 230° to 270° and fractionally distilling the prodtict. 
Its hydrochloride with nitrous acid forms KlTBOBO- 
DIMBTHYLANILINB (see NlTBOSO COMPOUNDS) ; With 
fuming sulphuric acid, dimethylaniline forms the 
Mbtasulphonig Acid. It is largely used in the 
preparation of dyes ; so also is its metasulphonic acid. 
See Methyl Obanoe, Methyl Violet, Malachite 
Gkben. 

Dimidiated {HerJ) Cut in halves, and one half 
removed and replaced by another half similarly 
treated ; thus two coats are sometimes placed on 
one shield per pale, the half of each only appearing ; 
e.g. the arms of the borough of Great Yarmouth are 
compounded thus. 

Diminished Flier (Jami.) A step slightly narrowed 
or diminished at one end. 

Diminished Interval CMusic). An interval con- 
taining one semitone less than perfect or minor. 

Diminished Styles (Jain.') The Styles (^.r.) of 
half-glassS doers or framing in which the upper part 
of the style is narrowe^r than the lower part. 

Diminishing Socket i^ng., etc.) A socket for 
connecting two pipes of different diameters. 

Diminuendo (^Music). Diminishing the loudness. 
Abbreviation, Dim. or >. 

Diminutive {Her.) Bimilar to the “ ordinary,*' 
only of smaller dimensions and having a different 
name ; thus tlje “ Cotise *’ is the diminutive of the 
“Bend,” “Barrulet” the diminutive of the “Bar,”' 
etc. 

Dimity, See Diapeb. 

Dimmer {Elect. Eng.) A device for diminishing 
the liglit from electric lamps on the stage of a 
theatre. It consisLs of a variable resistance or of an 
Impedance or Choking Coil (g.v.) 

Dimorphism {Min.., (Item.) When a definite 
chemical comjiound crystallises in two different 
forms it is said to show dimorphism ; e.g. carbonate 
of lime occurs in the rhombohedral form as calcite, 
in the rhombic form as aragonite ; carbon, in the 
cubic form as diamond, in the hexagonal form as 
graphite, etc. 

Dinas Clay {Met^ A very highly refractory fire- 
clay used for lining metallurgical furnaces. Contains 
about HO per cent, more silica and 18 per cent, less 
alumina tb.an other fireclays. 

Dines’ Hygrometer (^Mcteorol.) See Hyged- 

METEBS. 

Dinitrobenzenes C^H/NO,^),. There are 

three of those, viz. 

NO, NO, NOa 

NO, 


\ NO, 

NO, 

Ortho- (or 1 : 2). Meta- (or 1 : 8). Para- (or 1 : 4), 

M.r. llS®. M.P. 90 °. M.P. 178®. 

Only the Metadinitbobenzene is important. It is 
prepared by dissolving benzene in fuming nitric acid, 
cooling, adding sulphuric acid, and bulling. Pour 
into water an<l crystallise from alcohol. It forms 
yellowish white pnsms, melting at 90°. Sparingly 
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soluble' in water, readily in aloobol. On redaction 
with aminoninm sulphide it forme metanitraniline ; 
leduotiou with tin and hydroohloric acid gives 
MetaphbotijENBDiaminh 

Dioeoions (Botany). The term used when the 
flowers are unisexual, and the male and female 
flowers occur on different plants (e.y. willow), 

Diopside (Mm.) A greenish variety of mono- 
symmetric pyroxene with a well marked clea\-age. 
It usually occurs in thermo-metamorphosed marbles. 
See Pyboxhnb. 

Dioptase (Min.) A hydrous silicate of copper, 
CuSiO, , H-0. It crystallises in rhombohedra of 
an emerald green colour. It docs not occur in 
Bufildent quantity to be used as an ore of copper. 
From Siberia, Nassau, Chili, etc. 

Diopter (Surveying). One of the earliest instru- 
ments for the solution of surveying problems. 
Invented by Hero of Alexandria (b.c. 285 — 224). 
Bssentially a primitive combined theodolite and level. 

Dioptric (Light). The unit of ourvation in lenses : 
if rss radius of a eiirvo in metres, then the curvature 

in dioptrics =* y 

Diorama. A mode of scenic representation in- 
vented by Daguerre and Houton (1822), The pictures, 
which are viewed through an fq>erture, are trans- 
lucent in parts, and the method is suitable for 
illustrating not only landscapes, but also interiors of 
buildings, elevtjr offecjts being obtained by means of 
transmitted and reflected light, aided by screens. 

r Diorite (Qeol.) An eruptive rock of deep-seated 
origin and of the same structure as granite, but 
consisting essentially of one of tlie plagioclase 
felspars, usually in association with one or more ferro- 
magnesian silicates, amongst whicli hornblende is 
usually present, Diotite and a small proportion of 
quartz usually oct^ur as accessories. Diorite is the 
deep-seated or platonic equivalent of andesite la\as 
and of porphyn’ti? dykes. It grades in one direction 
, into Dtobite CiBAxiTEandin another into Diorite 
JSBBO. 

Dioscoreacem (Botany). A natural order of 
Dicotyledons. The plants are nathes chiefly of 
tropical countries, and possess largo underground 
tubers. The tut)ers of the Yam (liioscorca) form a 
vallltble food. 

Diota (Archivol.) A vessel with two ears or 
handles. The term is sometimes used for an 
Amphora c</.r.), but it applies iJractically to any 
two-handle(l vase. 

Dip (Elect.) Ihe inclination of the actual direc- 
tion of the cartlj’s magnetic force to a horizontal 
plane. 

etc.) (1) The amount of immersion of 

some object, such as the float of a paddje wheel. 
(2) The act of dipping work into a liquid bath, e.g. in 
galvanising iron. 

— — • {6reol.) Sedimentary rocks are deposited 
normally in layers which are as a whole parallel to 
the horizon. But subsetjuent disturbances may cause 
these to bend into folds. The amount of inclination 
thns caused is usually measured in degrees, counting 
from the horizontal. In estimating the dip of a 
arock it is necessary to record the direction of 
greatest inclination as well as its amount at the 
place under observation. 


D^ Crank (£hig.) A crank formed by bending a 
rod to the required shape, instead of cutting the 
crank from a solid foitgring. 

Diphenyl (Ch&ni.), — GgH^, White shining 

leaflets ; melts at 71° ; soluble in alcohol. Obtained 
by heating brombenzene with sodium ; or better, by 
passing vapour of benzene through a redbot iron 
tube and fractionally distilling the product Oxidised 
with chromic acid, it gives benzoic acid. Its chemical 
behaviour is very similar to that of benzene. It 
occurs in coal tar. ^ 


Diphenylamine Monoclinic 

plates melts at 54°; soluble in alcohol, benzene, 
ether. Obtained by heating aniline and aniline 
hydrochloride for a long time at 200°, boiling the 
product with dilute hydrochloric acid to remove 
aniline, and distilling the residue. It is a weak base, 
its salts being decomposed by water. It unites with 
potassium, forming (CrtH 5 ).jNK. Heated with chloro- 
form in presence of aluminium or zinc chlorides, it 
yields Acridine. It is used in the preparation of 
dye.s ; e.g. DIPHENYLAMINE BLUE is m*ade by h«?ating 
diphenylamine with oxalic acid, which gives CO^. 

3NH(0,n,), -h co,-r<i( ;,11,NHCJ1,+ enA 




See also Tropjeolines. A ^ dution of diphenylamine 
in concentrated sulphuric acid is a very sensitive 
reagent for nitrites, nitrates, or chlorates, with all 
of whicli it gives a deep blue colour. 


Diploidion or Diplo^is iArchreol.) A chiton or 
tunic worn by (Irecik women. The p(>rlion of the 
garment above tlie waist was double, and the outer 
fold hung loose. The term is sometimes applied to 
this outer fold itself. 


Dip of the Horizon (Astron., etc.) If an observer 
be placed some distance ai)Ovc the surface of the 
earth, the most distant ])oint which he can see is the 
extremity of a line drawn from his e^e at a tangent 
to the earth. The angle wliioli thin line make.s wdth 
a horizontal plane through the eye is called the DiP 
OF THE Horizon. 


Dippers Oil. Bone Oil (ri.v.) 

Dipping (Pot.) The process of immersing the 
bisque ware in the liquid giaze, whicli is melted upon 
the w'are subsequently in the glost oven. 

{Chew. Bug.) Immersion in an acid bath 

prior to electroplating or galvanising. 

Dip Pipe (Gas Mannfac.) See Gas MANUFAC- 
TURE. 

Dipropargyl (Chew.), CH : 0 . CH. . CHj. C : CH. 
A mobile liquid w’ilh penetrating odoiir, and boiling 
at 85°. It is isomeric with benzene, C^H^, but differs 
from it by tlie ease with which it polymerises, com- 
bines with bromine, and undergoes oxidation. 

Dipteral (Architect.) A temple which has two 
rows ol columns on each of its long sides. See also 
I'flEUDO-DiPTERAL. 


Dipterocarpacess (Botany). A dicotyledon order 
belonging to India. The trees all contain resin, 
and yield many economic products. See Camphob. 

Diptych (A rohceol.) (1 ) A tablet consisting of two 
leaves connected by hinges, generally made of metal, 
wood, or ivory. The inner surfaces were covered 
with wax, and upon these the ancients wrote with a 
stylus. (2) The ornate tablets distributed by the 
consuls to commemorate their tenure of office, and 
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beaiiog tiieir names 9&d portraits. (3) A pnbUo 
register or list of the names of consnls and other 
magistrates. 

mptyoh (1) A register of mart^^rs, 

bishops, and other orthodox persons, living or dead, 
mention^ In the prayers of the Church. (2) The 
intercessions in the course of which the names were 
mentioned. 

— (Ari). ' A painting or other work of art, 
genersdly an altarpieoe, in the form above described. 
Sen Teiptyoh. 

Diveot (Muiie). A mark (u^) placed at the end of 
a stave on a line or space to indicate the note in the 
following correspouding stave. 

Direct Cotton Dyes. See Dyes and Dyeing. 

Direet ProceaB (Met.') The production of wrought 
iron (or steel) from the ore without the usual inter- 
mediate stage in which cast iron is produced. 

Direct Spokes ( Those which arc radial 
to the axis of the wheel. Cf. Tangent Spokes. 

Direct Vision SpectroBoope (Phye.) See Spec- 

TKOSCOPB. • 

Dirk (Arvum^). (1) A dagger or poniard formerly 
used by Highbinders and still worn as part of a 
IIj|rhland costume. (2) The small sword formerly 
worn by junior naval officers. 

Dirty Proof (Typoy.) Troof sheet having many 
-corrections, owing to mistakes in composition. 

Di-saocharideB ( Chem.) See 0 a iibohy dratbs. 

Disc or Disk. (1 ) A flat thin circular plat e of any 
mut^jrial. (2) In body armour a plate of metal for 
protecting the body at certain joints of the armour: 
a llOUNDEL. (3) The surface of the sun, moon, 
or a planet as it appears j)rojected in the heavens. 
See Discuh. 

Disc Armature (Elect. Eng.) See Armatures. 

Disc Crank (Eng.) A crank formed by a disc of 
metal keyed (jii the crank shaft, I’ho crank pin is 
fixed near its periphery. It is simpler to make and 
more easy to balance than an onlinary crank. In 
many petrol motors the pair <}f flywheels forms the 
disc crank. Seie I’ETitoL Engines.' 

Discharge (Eng.) (1) Liquid flowing from a 
pump, etc. (2) The rate of flow of the same* liquid ; 
that is, the amount passing in a given unit of time 
(minute or second, etc.) 

9 Electric. In general, the loss of charge 

by electrified bodies, or the flow of electricity 
along any path, but tacitly limited to those cases in 
which a dielectric forms part of the circuit, and the 
dischlirge therefore becomes more or less disruptive, 
giving visible phenomena, sucli as a brushlike glow, 
.succession of sparks, vacuum tube effects, etc. 

DiBCharge Valve {Eiig.) A valve through which 
the Dischaeok (^.i'.) leaves a pump : used in steam- 
ships to permit the Circulating Water to escape. 

DiBoharging Arch (Build.) An arch built over 
a J^INTEL (q*v.) to relieve it of the weight above. 

DtecobduB (Clone. AntUj.) A thrower of the 
Discus or quoit. The term is applied also to a .statue 
representing a man in the act of throwing the discus. 
It was a favourite subject with ancient sculptors, and 
there are several admirable 8tatnc.s extant. 

DlBOOlourlng (Bee.) A defect in enamelled work 
(iy.«>.), in which white enamel becomes somewhat 
yellow, due to either an improper selection of white 
pigment or driers used in the manufacture of the 
«oamel. The defect cannot be remedied. 


DlBeoBiteetfaig Vrapa 

(Sygiene)* The purpose of 
a disconnecting trap is to 
prevent free communica- 
tion between the air of the 
public sewer and the air 
of the house system of 
drainage. It should be 
fixed at a point as distant 
as may be practicable from 
the building, and as near 
as piacticable to the point 
at which the drain may be 
connected with the sewer. 
The trap should be self 
cleansing, not too large, 
free from all mechanism, 
and provided with an 
efficient “ seal. ” To obtain 
access for inspection pur- 
poses it is desirable that 
the disconnecting trap 
shoulil bo fixed in a man- 
hole. 



DiBOonneotoF (Build,) 

iSf'/? Disconnecting Trap. 

Discord (Mmie), A 
chord rcM]uiring resolution and often preparation. 
Discordant intervals are all intervals, except those 
given as CONOOBUANT Also ealledViBSOSANCKS, 


Disc PilOB (Civil Eng.) Piles (< 7 .t\)in the form of 
a hollow tube of cast iron, furnished with a broad 
flange forming a foot at the lower end; used in 
sandy ground. ITio sinking is accomplished by 
scouring out the sand under tiie for»t by means of 
a jet of water under pressure, which is forced 
through n pipe running down the inside of the pile. 


Discs of Armature Cores (Elect. Eng.) Thin 
sheet iron of the best quality (e.g. Swedish charcoal 
iron), from *04 to -08 in. thick, is stamped into discs 
of suitable form for building up tlie armature cores 
of dynamos and motors. 


Discus (Arvlueol.) A disc, generally of metal, used 
in ancient Greek and Homan athletic games. 8e0ly 
Discobolus. ^ t 

Disc Valve (Eng.) Usually a disc of rubber, 
fastened down by a bolt through the centre on a 
flat scat containing perforations. liiquid can lise 
through these openings, the disc of rubber lifting 
and thus providing a passage. ™ 


Disc Wheel (Eng.) A wheel without any radial 
arms : it may ha\ e a thickened boss and rim, or be 
of uniform thickness. 


Disengaging Gear (Eng.) Levers, etc., for operat- 
ing Clutches (q.v.) 

Dished (Carp.) A hole in a board is said to be 
dished when the edge is bevelled. 

Dishing (Eng., etc.) A formation often given to 
wheels and discs in which the centre lies out of the 
plane of the rim ; greater stiffness i.s gained b;j^smg 
this form. 

Disinfectants (Hygiene). Substances capable of 
destroying the specific organisms which cause disease* 
Their mode of action may be either physical or 
diomical. Belonging to the former class is heat, 
which is the best disinfectant, especially moist heat. 
Among the chemical disinfectants are perchioride 
of mercury (corrosive BubhmateX formalin, carbolic 
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acid (phenol), sulphur dioxide. Disinfectants, to 
be effectual, , must be of sufficient strength and 
thoroughly applied to the articles or rooms under- 
going disinfection. See SANITATION. 

DisintegratoFS {Chem, etc,) Machines for 

grinding diy substances. Most modem types do not 
grind, but disintegrate by concussion ; i,e. two con- 
centric discs with projecting steel arms or “ beaters ” 
are rotated in opposite directions in a beating 
chamber or casing, into the top or side of which the 
materia] to be pulverised is fed. There are many 
variants of this type, differing mainly in the dis- 
position and driving of the beaters. 

DispePSion {Light), The splitting up of a beam 
of white light (or other composite light) into its 
component colours by some method depending upon 
the variation in the refractive indices of the latter. 
See SpBCTBUM. 

y JLnomalons. Some substances used as 

prisms produce a dispersion in which the order of 
wave lengths is not the same as that produced by a 
glass piism ; e.g. a solution of fuchsine deviates rod 
light more than violet. These anomalous effects are 
always dependent ui)on the existence of absorption. 
Thus light waves falling upon a glass prism probably 
set the molecules in vibration, but as their natural 
period docs not coincide with that of any of the 
visible waves of light, the result is a forced vibration 
of small amplitude, and very little light is absorbed. 
But if the natural period of some constituent of the 
prism is the same as that of some wave length in the 
incident light, then the result is “ resonance,’’ and 
that particular wave length is absorbed; i.e. the 
refractive index for it becomes infinite, and an 
absorption band is produced in the spectrum. It is 
only natural to expect that abnormal effe(;ts should 
occur for those wave lengths which arc just too great 
or just too small to give resonance, ami as a matter 
of fact experiment and theory show that the refrao 
tive index is abnormally increased for tho.se wave 
lei^'l^hs which are ju.st too great, and abnormally 
diminished for those wave lengths which are just too 
small. ITence the order of cohuirs is cliauged. 
These effects are somewhat difficult to observe, am 
they are generally i)rodnced by strongly coloured 
substances, which necessitate the use of jnisms of 
very small refracting angle. 

Displacement (.l/<?e//.) The amount a body has 
been moved from any given position. 

(Lng.) The space swept through by a 

piston in each stroke : it equals the area of piston 
multixdied by the length of stroke. 

Displacement Cylinder {Kng-) An auxiliary 
cylinder (used in certain foms of gas engine) in 
which the charge {q.r.) is compressed previous to 
entering the working c} Under. See also Gas 
Engines. 

Displacer Piston {Lufj.) A piston occasionally 
used in gas engines for driving out the burnt gases 
from the working cylinder. 

Displayed {Her.) Tlic wings of birds of prey 
are “displayed” when they appear spread or ex- 
panded ; for other birds’ wings so expanded the term 
is “ disclosed.” 

Display Work {Typog.) Type (iisplayed or not .set 
solid, as in Jobbing Wobk ((? .?’.), titles, heads, etc. 
The object is to attract attention. 

Disposition {Paint,, etc,) The judicious arrange- 
pient of figures, etc., in a picture, or of the several 
parts in a building. 


Dissipation of Ener^ (Phys,) The process by 
which the total amount of available energy is con- 
tinually being diminished. For example, when fuel 
is burnt to work an engine, the rejected heat, or 
heat which is not converted into work, is allowed to- 
escape ; and though it may contribute to the raising 
of the temperature of the air, or of neighbouring 
objects, it cannot be recovered and utilised. It has 
not been destroyed, but it has ceased to be available. 

Dissociation {Phys., Chem.) When certain sub- 
stances are placed under suitable conditions of 
temperature or pressure or solution, the molecules 
composing them arc resolved into simpler moleciilos, 
atoms, or ions ; and when the original conditions 
are restored the original substances are reproduced. 
This phenomenon is called dissociation. If am- 
monium chloride (not absolutely dry) be heated, its 
vapour is found to weigh half as heavy as we shr>uld 
expect it to do if it consisted of molecules of the 
formula NIl/'l, but exactly Avhat we should expect 
if it consisted of equal numl)ers of molecules of 
ammonia and hydrochloric acid gas, formed by the 
decomposition of the ammonium chloride according 
to the equation NH^Cl = NH, + HOI. 'When the 
vapour i.s cooled the ammonium chloride is repro 
duced. In the slate of vapour, therefore, ammonium 
chloride is dissociated. Examples of substances 
which undergo a like change are : Iodine at 1500*^, 

= I + 1 ; phosphorus at 1 750°, P« ; 

hydriodic acid, 2111 =*11.^ + above 150”; nitrogen 
peroxide, N.^0^ = NO.^ + NO.,; and many others. At 
a given temperature cacb gaseous product of dis- 
sociation exerts a dt-finile f)rossure called the 
Dissociation Pkessube; if at this teuiperaturc 
the pressure of a constituent bo increased and kept 
al>ove the dissociation pressure, the original sub- 
stance will be reproduced and no dissociation will 
be possible. Salts of weak acids and bases undergo 
dissociation in a precisely similar manner on solution 
in water. Any acid, base, or .salt whose solution 
in water is a conductor of electricity undergoes 
ELKCTiioiiYTJC Dissociation when 'dissolved in 
w^atcr. For example, ciimmon salt (XaCl), when 
dissohod in water, is re.solvcd to an extent depending 
on the strength oC the solution into the ions (see 

lONB) Na and Cl. The undissociatcd part and the 
ions obey the law of mas> action {see Mass Action), 
so that if the quantity ot salt he put = 1, and the 
dissociated part ~ a, and the volume of the solution 

o" 

V'^ 

containing one gram molecule v, we have h — 

V 

Where A is a constant depending on the nature of 
the dissolved substance, it is called the DISSOCIATION 
Constant for the particular substance. 

Dissociation Coefficient (Elect,) See Ionisation 
Coefficient. 

DissolYing Lantern or Dissolving Views. The 

exhibition of slides in such a manner that one view 
fades away and another gradually becomes visible. 
This is effected by the use of two (or more) lan- 
terns focussed simultaneously on the screen. The 
light from one is gradually obscured,^ either by 
interposing an opaque screen or by turning off the 
.supply of oxygen gas ; this causes the image of the 
slide to fade away, and meanwhile the reverse 
process is gone through with the second lantern, 
and the image produced by it grows in intensify till 
the full amount of brilliancy is attained. 
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mMOnanoe {Sound), The effect produced by two 
noted whose tiequencies are suoh as to produce 
Beats { q - v ,) Also termed a Disgobd in innsic. 

Dtetaff(Aro^(’^.) A staff about 
3 ft. long, round one endbf which 
flax or wool for spinning was 
wound. The ancients used a cane, 
split at one end. and formed into a 
receptacle for the material to be 
spun. In spinning, the distaff 
was held undel* the left arm, the 
wool or flas being drawn from it 
through the fingers of the loft 
hand, and twisted spirally by the 
thumb and forefinger of the right 
hand. The operation was aided 
bya^spindle attached to the end 
of the thread, and which hung 
down. When the spindle touched 
the floor the length of thread 
was wound round it, and the 
operation repeated. In Art the 
distaff is sometimes employed a.s 
a symbol of the female sex and 
female authority. Stie Cotton, 

Linen, Silk, Woollen Manu- Dwtah and 

PACTUBH. Siivtjle. 

Distance {Pa hit J) The effect obtained by con- 
trasting the darker tones and richer colours in the 
foreground of a pictiiro with the lighter tones and 
more delicate colours beyond ; and by maintaining 
the correct dimimition of scalc^in accordance with 
the laws of perspective — in the objects represented 
as Ihey recede from the eye. In a landscape the 
<listurice and middle distance arc the parts of the 
composition wliirh are not occupied by fore^ground or 
sky ; they arc assumed to be comparatively remote 
from the observer. 

Distance of Visible Horizon or Offing {Astron.) 

Sae Offing. 

Distemper {Dec.) A water paint used principally 
for planter and stuc(!0 work, and made by mixing 
whiting (</.r.) with water and some a<lhcsive sub- 
stance such .as size, and with or without the addition 
of colour. Disteniperiug is the clicai)est process of 
painting ; it is free from gloss, and capable of giving 
very artistic effects. Scenic artists use distemper 
almost exclusively, wliile all wallpapers excepting 
those known as Sanit Aries {q.v.) are printed in 
distemper colours. On ordinary walls and ceilings 
distemper is applied over a coat of claircolle {q.v.) 
Only one coat is gi^'en, and this must be applied quite 
evenly, so Jis to avoi<l patches. Some colours cannot 
be used in distemper, as the lime in the pla.stcr 
destroys them. The following is a list of the colours 
which may safely be employed, and from them can 
be obtained any shado, tint, or hue, including bl.T.ck 
and white: — WhHcs : Barytes, blanc fixe, whiting, 
satin white, zinc oxide, lithopone. Orr’s white, 
gypsum, terra alba, china clay. Colours: Yellow 
ochre, sienna, umber, Vandyke brown, cadmium 
yellow, vermilion, red lead, red oxide, red ochre, 
Venetian red, Indian red, light red, ultramarine, 
cobalt blue, chrome green, cobalt green, emerald 
green, malachite green, and all black pigments. 
During the past few years washable distempers have 
increased in use very considerably. Tliey are made 
in a large variety of permanent colours, and in 
some oases may be applied to wood and varnished 
over. 



Distemper or Tempera {PainU) (1) A method of 
painting in which opaque colours are used mixed 
with water and with some glutinous substance soluble 
in water — e.g. size, yolk or white of egg, etc. ^Tt^ 
painting is executed upon a ground of ^alk or dry 
plaster {gesso), which is generally spread upon wood, 
but sometimes upon canvas. This method is to be 
distinguished from fresco, in which the colours are 
applied to a fresh and moist surface of plaster. (2) 
The term is applied likewise to the pigments used in 
this process. Sec Painting, Methods op. 

DistUlation Chem.) The process of heating 

a substance in a vessel until it boils, conducting its 
vapour into a cooling arrangement called a condenser, 
and collecting the condensed vapour in a receiver. 
The object of such a process is : (1) To separate a 
liquid from any dissolved solid it may contain ; 
when tap water is distilled the solids, such as calcium 
carbonate, which it contains are left in the still, and 
very nearly pure water is obtained in the receiver, 
(2) To separate a more volatile liquid from a less 
volatile. (3) To separate a volatile product obtained 
in a chemical reaction from other less volatile pro- 
ducts ; c.g. when potassium nitrate is distilled with 
snl})huric acid, nitric acid is produced, and, being 
more volatile than any other substance present, it 
distils over alone at a moderate temperature. As the 
boiling point of a liquid depends on the atmospheric 
pressure, and some liquids undergo decomposition at 
their boiling points, it is nece.s.sary to distil suoh 
liquids under reduced pressure. This is done by con- 
necting the receiver to some form of air pump, so as 
to reduce the pressure in the apparatus to the desired 
degree ; c.g. Isevulinic acid boils with decomx>osition 
at 239® under ordinary pressure, but under 12 mm. it 
distils unchanged at 144°. In some cases it is po.ssiblo 
to separate a mixture of two liquids of different 
boiling points by a process of Fractional Distil- 
lation. In this process the distillate is collected in 
fractions as the boiling point of the mixture rises. 
Suppose we have a mixture of equal parts of benzCne 
(B.r. 8P) and toluene (B.P. 110°); collect fractions 
every 5° from SO \ip to 110°; now redistil fraction 1 
(80 to 85°), most of it passes over below 85°. At 
85° add fraction 2 (85 to 00°), and again distil ; 
some will pass over below 85°, and i.s collected in 
80 to 85° receiver. Now' change receiver and collect 
85 to 90° fraction, and so on. After three or four 
operations it will be found that the lowest and highest 
fractions are much the greatest, and consist of 
benzene and toluen o re.s ]:)ect i vely. N umerous organic 
liquids placed in w'atcr and submitted to the action 
of a current of steam from boiling water will distil 
over with the steam, even though the liquid have a 
much higher boiling point than w.ater. This is called 
Distillation in Steam. A very important instance 
of this is found in the preparation of aniline (q.r,), 
where the aniline has to be .separated from a solution 
of soflium stannatc and sodium chloride by distilla- 
tion in a current of steam. Destructive Distilla- 
tion is simi^ly heating a substance out of air so as to 
decompose it and collect the products of decomposi- 
tion. The preparation of coal gas and coal tar is an 
example of destructive distillation. 

Distillation in Steam {Cheni.) See Distillation. 

Distortion {Astro^i.) The change of shape of the 
sun and moon when near tlie horizon owing to 
differential refraction of the upper and lower limbs. 

{Photo.) The production of an image 

of incorrect form, due to the SPHERICAL AbeBBA- 
TiON (y.v.) of the lens, tilting of the camera, etc. 
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Oiafapew Excessive straan in a l^traoture, 

caused by undue loading. 

Distribute To leplaoe type (after print- 

ing) in the case« each letter, etc., being returned to 
its proper compartment, ready for resetting. 

Distributed Lead etoJ) A load which is 

spread out over the whole of a beam or other 
inember of a struotuie. A wall carried by a girder 
is an example : the weight of the wall is spread out 
over the whole of the girder. 

Distyle (Arehiteot,) Having two columns. The 
simplest form of Greek temple is known as Histylb- 
IK-AxtiS. In this form of temple there arc two 
columns between the antae. See Anta, Tbtba- 
8TYL11, DeCASTTLB, HEXASTYLB, OCTABTYLB. 

Ditvigiyph (Architect.) An arrangement of the 
Doric frieze and intercolumniation so tliat two 
triglyphs are obtained between those immediately 
above two adjacent columns. This necessitates a 
wider intercolumniation than the usual arrangement, 
in which there is only one triglyph over Iho space 
between two columns. See Tktglyph ; Archttec- 
TUEB, Orders of ; Entablature; Monotriglyph ; 
and Tritriolyph. 

Diurnal HajigitCMetPorol.) Applied to the changes 
which occur during the day (twenty -four hours) in 
temperature, atmospheric; pressure, etc*. 

Divalent Elements ( Chrm . ) See Valency. 

Divided Bearing (lihiy.) A Bearing (^.u.) in 
which the Bush, or part which provides the actual 
bearing siiriace, is divided into two (or occasionally 
more) parts. These parts can be adjusted to t^ake 
up wear, as in the common Plummer Block (q.v.) 

Divided Pitch {Eng.) The di$tan(ie from one 
thread to the next in a multiple-threaded screw 
If there are n threads of pitch Z, the divided pitch 


DhridePB. Compasses used solely for measuring 
ofE distances. They are often provided with a 
screw adjustment. 

Dividing Engine (Phya., Eng.^ etc.) A machine 
for ruling scales. The subdivision of the funda- 
mental measurements usually depends on on accu- 
rately cut screw furuishe<i with a graduated head, 

Divi-divi (Botany). A valuable tanning material 
consisting of the pods of Cceealpinia coriaria (order, 
Legumlnoftte), which are very rich in tannin. See 
alio Dyes and Dyeing. 

Divinity Calf (Binding). Dark brown calf, finished 
in blind, tooling or antique. So called from its use 
being almost limited to theological books. 

Divliif Divided (Muhic). An orchestral term im- 
plying that the instruments playing the part so 
marked Are to divide into firsts and seconds. 

Dtyiaion Peg or Point (Eng.) The jMjg which 
holds a Division Plate (^.v.) at rest in any 
required position. 

Division Plate (Eng:) In lathes for ornamental 
and special work a plate is fixed on the mandrel and 
divid^ into a convenient number of parts by rows 
of holes arranged in concentric circles. The man- 
drel can then be turned through a definite fraction 
of a revolution and fixed by means of a pin, termed 
the Division Peo, thus enabling drilling, etc., tr) 
be carried out on the work at deSnite points round 
its droumfexencc. The vosk remains fixed, and is 


acted on by the drill, milling cutter, etc., which may 
be driven from an Overhead Motion (f.e.) The 
number of holes in the various rows varies. A g^md 
set should include 96, 100, and 96 O, with some 
number of which seven is a factor. iXhers xeikg be 
added if the plate be large enough. 

Do (Mime). The sol-fa syllable for C. 

Dobbie or Dobby (Cotton Ifearing). A machine 
which takes the place of a tappet, and produces more 
elaborate w'caves. Its capacity for pattern produc- 
tion is also much greater. There are numerous types, 
some of whicli are positive and others negative in 
their action. The following are the chief : Ward^s, 
Keighley, Blackburn, Burnley, Dobeross, Catlow. 

(Silh Manufac.) A small machine placed at 

the top of power loom, for raising and oepr^sing 
the Meddles (q-v.) according to the tie arranged 
upon it. Used only for plain fabrics such as twuls, 
satins, checks, etc. 

Dock Gates (Civil Efig.) Watertight doors of 
woo<l and metal, generally made in two parts 
which are hinged at the outer edgo^ and provided 
with sluices. They are usually operated by hydraulic 
power. 'J’o enable the gates to withstand the fjres- 
siire of the water, they are so hung that they meet 
each other at an angle wlnm closed, the apex of the 
angle being directt‘d inwards, i.e. towards the side 
on which the water is highest. Tlie greater the 
pressure of water thei greater the force with which 
the gates are kept closed. They can only be opened 
when the level of tin* water is the same (or very 
nearly so) on both sides of the gates. 

Docks (Civil Eng,) Enclosed space.s for the 
accommodation of ships ; they communicate witli 
tlic water in the outside channel by means of Dock 
Gates (q.v.) Instead of opening directly to the 
channel, these gates may open into a tidal basin 
(q.r.) if a dock t»n be emptied of water to i^ermit 
of repairs to the ship’s hull, it is termed a Dey 
Dock. 

Dock Y[al\% (Civil Eng.) Massive walls of concrete 
or ma.sonry ; a space between tljc wall and the 
ground behind is usually cxofiv.T,tc(l, and filled in 
with hard material, wcB rammed in. If the ground 
below is treacherous, the foundations of the walls 
may rest on T’iles, 

Doctor. The technical name for a copper soldering 
iron or bit. 

(Chem. Eng.) The scraper attached to the 

last roller of a plodding machine (q.v.)^ which re- 
moves the soap in strips or ribbons. 

(Paper Manv/ac.) A flat iron bar used for 

keeping PRESS Rolls and Drying Cylinders free 
from small fragments of paper. 

Dodder (Botany). Cnscuta. A genus of the order 
Convolruhoeep, which have become parasitic on 
many plants. They are leafless and rootless, and do 
much damage to their hosts. 

Doeskin ( Woollen Manufac:) Fine woollen cloth 
with fibrous face, the weave being five or eight end 
sateen or doeskin. It is the reverse of the buckskin 
(q.v.) both as regards twill eifeot and finish. 

Doffer (Textile Manufac.) A wire-covered cylinder 
or drum (about 24 in. diameter) on carder at the oppo- 
site end to licker-in, which collects the carded fibres 
from the large cylinder in the form of a thin sheet 
or Web, prior to being contracted into a Sliver 
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Jllfio «ppfi8d to the et^dont who^*db!llte** 
the full bofahins on fly nnd spinning frames, and 
Te^laoes with ei&x>tieB. 

DoiEbil^ , {TesOiiU Mam^ao,) The process of 
removing the material in carding, and also in 
removing the yam from the spindle in spinning. 


Do^sh The flesh of the dogfish 

ijSeMiwm eanioula ; family, Scyllidee) is used as 
fooa in a firesh or dried state. The skin forms a 
kind of shagreen, used in wood polishing. 

Do^ Legged Btairs (Join.) Stairs which have the 
outside strings vertically above each other. 

Dogs (Carpet etc.) Iron cramps used for drawing 
up glued joints. 


7.) (1) The jaws of a chuck or similar 
device for holding work. (2) A lathe Cabbieb 
(?■»•) 

Dog’s Ear (Plumb.) The comers of a lead tray 
turned into a fold. 


Dog’s Tooth (BuUd.) Bricks laid with one 
corner projecting, in a brick cornice. 

Dog-tooth (Arcldtfict.) The characteristic oma- 
meqt of the Early English style, generally used in a 
hollow moulding. See Tooth Obn ament. 

Dog Wheel (Kng.) A Batcubt Wheel (q.v.) 

Doh (Mutfle). The first degree or note of the 
sc^le in the Movable Don or Tonic Solfa system. 

Dolabra, dim, in. Dolabella (Arehrcol.) A catting 
instrument: chisel, celt, axe, ^ varying in shape 
according to the purpose for which it was used. 
<lrnate dolahrje were used by the pontifices for 
slaughtering tlie sacrifices. Caxton refers to the 
dolabre (adze) as the trademark of carpenters. 

Dolce (Afmic). Sweetly. 

Doldrums (Afet.) The equatorial region of calms 
between tljo surface winds of the two hemispheres. 
The position of this region varies a little, imt it 
is a little to the north of the terrestrial equator. 

Dolente, Con Dolore (Afu9le). Sorrowfully. 

Dolerite (Geol.) An intrusive rock of basic com- 
position, in which a glassy or lithoidal ground mass 
is either aUsent or occurs only in small quantity. 
The structure is ophitic ; i.c. the felspars, which have 
been formed at an early .stage, are envelojjcd within 
the (later formed) pyroxene. The essential consti- 
tuent minerals are : (1) LABB-^.DORITK, usually in lath 
.shaped crystals; (2) a Tyroxene enclosing them; 
(3) some Ilmenite ; and (4) commonly some 
Olivine. The rock never occurs as a lava, but 
usually either as a sill or a dyke. 

Doliuni (Archaol.) A large earthenware jar, 
spherical in shape, used by the Homans for holding 
wine, oil, corn, etc. Vessels of this character are in 
use in India at the present day. 

Dolly (Cycle Mammae., etc.) A soft mop, rotated 
at a hign speed on a polishing head, for putting the 
final polish on work to be plated. 

(Bng.) The tool used for holding up the 

head of a rivet while closing or riveting up. 

— (Mining). A heavy tool (often of wood) 
used for crashing minerals. 

Dolmea (Arohoiol.) A French name for a pre- 
historic structure consisting of two parallel rows of 
upright stones with large &t stones placed horizon- 
tally across them, forming a passage : a Cbomlegh. 
See Pbbhistobio Abobitectube, 


Mmlte Calcitim 

C!aMg(CO,)» It ooom in rhambohedxal crystals, 
the fam cd which are usually curved ; colcnir wMte, 
yellow, pink, brown, to almost black. Also masi^ye 
(MAaKBSiAN Limestone). Does not efietvetoe 
with 20 per cent, hydrochloric acid in the cold, bat 
docs when warmed in it. Iron may replace the, 
other bases to almost any extent ; the darker and 
mure curved specimens usually contain the greater 
amount of iron. A limestone that has been dolo- 
mitised is of less bulk than the oiiginal, and often 
shows peculiar structures due to molecular rearrange* 
ment. Magnesian limestone is a good building stone, 
as it is so slowly affected by weathering. Some of 
the massive varieties are used in making hydraulic 
cement. Its distribution is very wide. 

Dolphin (Art., etc.) (1) A conventional figure of a 
species of cetaceous mammal, having a large bead. 
They are especially used as decorations on fountains. 
(2) In heraldry they are represented with the bodies 
bent in a semicircle. (3) A French gold coin at 
one time current in Scotland. 

(Zoology). The dolphins and porpoises belong 

to the family Delpb/midte oi the mammalian order 
Cetaoea. Many species — for example, the bottle^ 
nused dolphin of America — yield a valuable oil. 


Dome (Architect . ) 
The cupola was one 
of the characteristic 
features of tlie Italian 
dtwmo (cathedral), and 
the term dome was 
taken from the name of 
the building, and used 
to denote the cupola 
type of roof. See 
Cupola. 

(Eng.) A dome- 
shaped chamber on the 
head of a boiler, sup- 
posed to increase the 
steam rpace and collect 
dry steam. Is gradually 
being rliscardetl in favour 
of a Dry TTpe (</.v.) 



Domi:, St. Paul's. 


Domeykite ( Min . ) 

Ar.seni(le of copper, 

CUaASjj. ^ Copper «7i’63, arsenic « 28-57 per cent. It 
occurs in tin white octahedra. More often in reni- 
form masses. It occurs at Coquimbo and at Copiapo 
in Chili. 


Dominant (Miusio). The teclinical name of th® 
fifth note of a scale. Its frequency is one and a hal^ 
times that of the Keynote (q.v.) 

Dominant Tone (Paint.) A term used to; describe 
the principal or predominating colour or tone in a 
picture. 

Dongola Leather. Goatskins tanned by a com- 
bination of vegetable and mineral tanning agents, as 
alum and salt followed by gambler or other vegetable 
fan, or chrome salts followed by vegetable tan ; or, 
vice versa, vegetable tan followed by "alum or chrome. 
Dongola leather is now made from calf, sheep, and 
split hide, as well as goat, 

Dopjon (Archaiol.) Tlie principal tower or inner- 
most keep of a castle, usually built on a natural or 
artificial mound. It served as the last retreat Of the 
garrison in case of necessity, its lower part being 
used as a prison. Known also as the Keep, DoNaroK 
Keep, Toweb. 





DON 


ITO 


3>O0 


Donkey Engine A small anxiliaiy engine 

nsed to drive the feed pnmps, oircnlating pumps, 
and other subsidiary machinery on a steamship. 


Doppler’s Principle (Phys.') When there is any 
relative motion between a source of sound and a 
listener, the number of waves received per second 
is difEerent from that corresponding to the actual 
frequency of the source, and hence the apparent 
pitch is altered, being increased for motions of 
approach and diminished for motions of recession. 
If V = velocity of sound, v» ~ velocity of source, 
Vj =s velocity of listener, ?i — actual frequency of 

source, then the apparent frequency is » x 

the upper signs signifying approach. The principle 
has only theoretical interest in the case of sound, 
but it is true for wave motion generally, and its 
application to light has been of the highest import- 
ance, as it cnabl€»s the velocity of stars and other 
heavenly bodies in the line of sight to be measured 
by the displacement of their spectral lines. 

Dorian (Music), See Modes. 

Doric Order (Archi- 
tect.) The earliest and 
most severe of the orders 
used by the Greeks. 

See Architecture. 

Orders of. 

Dormer Window 

(^Archi/furt,) A vertical 
window formed in and 
projecting above the 
surface of a .sloping 
roof. The rooms which 
receive light from win- 
dows of this form arc 
usually sleeping apart- 
ments; hence the name. 

Dornick ( Textiles ). 

See Diaper. 

Dorsed (Her.) See 
Avkbsant. 

Dorse, Dorsel, Dos- 
sal, Dossel, Dosser 

(Furniture). (1) Orna- 
mental cloth, frequently 
tapestry, hung at the 
back of a scat, or used 
to cover the back of a 
chair, especially a throne 
or chair of State, or 
forming a canopy or 
curtain at the back of 
such a seat. (2) An 
ornamental cloth, 
usually embroidered, 



Dokic-Grt:ek, Tkmple of 
Tiicseus, Athens. 


hung at the back of the altar or at the sides of the 
chancel. (3) Hangings placed round a hall or on 
the walls of a room of State. (4) In some churches 
the backs of stalls are ornamented witli carvings 
in imitation of such hangings. See Linen Fold. 


Dot (Mueic). (1) Placed after a note or rest, it 
adds one half the value to the note or re.st. Each 
succeeding dot is one half the value of the preceding 
dot. (2) Placed over or under a note, it makes that 
note half note half rest. See yTACOATO. Two dots 
^[daoed at a double bar (;|| or ||:) show that the 
section on the side of the dots is to be repeated. 


Dot iPlasteriny.) "A small dab of plasTter to serve 
as a guide for the rule in forming a BoBEBD (^.r.) 

Double (Binding). A style introduced from 
France, in which coloured morocco leather iaused 
on the insides of the cover instead of board papers. 
The insides are elaborately finished, frequently with 
a dentelle bonier, while the outside is com- 

paratively plain, with only a few lines in blind 
tooling. 

Doable Acting En^e (Fng.) An engine in 

which the steam (or gas) acts on each side of the 
piston alternately. All modern steam engines were 
of this type till tlie introduction of very high speed 
steam engines for coupling direct to dynamos 1^ to 
the revival of Single Acting Engines 

Double Acting Pump (F7ig.) A pump in which 
the piston is forcing w.T.ter on one side wliile drawing 
water into its cylinder or barrel at the other ; in the 
return stroke the process is reversed. Such a pump 
requires valves working in a manner similar to that 
of a steam engine ; they must, however, remain open 
right to the end of the stroke. 

Double Acting Steam Hammer A Steam 

Hammer in which steam can be used above 
the piston to intensify the blow. , 

Double Bar (Music). Two perpendicular lines 
across the stave showing the end of a movement or 
section. 

Double Bass. S e Musical Instruments : 
String (by Bow). 

Double Beat Yalve 
(Fug.) A valve of circular 
plan, with two concentric 
seating faces. See Figt:be. 

The pressure on tins form 
of valve is much less than 
in the common lift valves 
oi slide vnlvos, and it is 
ejisier to move. 

Double Belting (Fjfig,) 

Two thicknesses of leathci 
se>Mi or otherwise fastened 
together to give greater 
strength. 

Double Broad (Typog.) 

Furniture double the width 
of broad, i.c. eight fucas in 
wi<lth. 

Double Butted Spokes Double Deat Val\ b. 

( Cyrlrs). Kpi)ke.s wuth the 

ends thicker than the central portion, for the purpose 
of making the joint with rims and hubs stronger. 

Double Butt Joint (Fng.) A butt joint with 
covering strips on each side ; the rivets go through 
three thicknesses of metal. 

Double Cases (Typog.) Cases Bpecially made for 
small jobbing founts, the upper and lower cases 
being made in one. 

Double Cone Moulding (Architect.) A Nornian 
enriched moulding, consisting of a series of truncated 
cones placed end to end. 

Double Contraction (Pattern Making). When 
Iron Patterns (q.v.) are used, the original wooden 
pattern from whicli the iron pattern was cast must 
have all allowances for contraction doubled, as the 
iron pattern itself must have the ordinary con- 
traction allowance (i.e. must be larger than the 
final casting) in order to give the proper dimensions 
to the latter. 
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Doable Cromi. Tbe sisse of a printing paper 
whioh measures dO by 20 in. 

Doable Gat File (^^.) The ordinary form of 
file, D^hich has two sets of teeth, one crossing the 
other. 

Doable Cylindep Engine An engine 

having two cylinders acting on the same crank 
shaft. 

Doable Demy. The size of a printing paper which 
measures 35 by 22J in. 

Doable DriveF Ghuok A Dbiveb 

with two pins, which act on eacli end of the carrier 
at once. 

Doable Ended Boiler A boiler with a fire- 

box at each end : used in marine practice. 

Double Ended Bolt A bolt with no head, 

but with a thread at each end on which a nut is 
screwed. 

Double Faced IrchitraTe 

{Join.) A moulding round a 
door or wiodovf opening with 
two plane faces, one sunk 
below the other. 

Double Faced Hammer 

{JCn(f.) See TIammeks. 

Doable Faced Skirting 

(Join.) A form of skirting 
(g.r.) built in two parts, the 
lower projecting in front of the upper part. 

Double Fagoted Iron (A>/,y.) Iron wlilch has 
been put through the operation of fagoting (q.v.) 
twice over. 

Double Flat (Mush), A sign whicli lowers 

a note a whole tone. 

Double Flemish (liuUd.) Flemish bond si lowing 
on both sides of the wall. See Flemish Uond. 

Double Floor A double ib»or consists of 

Binders, (^eilinc; Joists, Buidoind Joists, and 
Floor Boards (q.v.) Sec aUo Flooiw. 

Double Flued Boiler (Bmj.) A Lancashire 
Boiler. Av? Boilers. 

Doable Foolscap. A size of paper. In printing 
paiHii-, 27 by 17 in. ; and in writing paper, 26^ by 
J in. 

Double Frame {'J'ypog.) A composing frame 
usually made of deal and holding two pairs of eases 
at the same tim(3. See (-A8E. 

Double Gearing (Kng.) A train of wheels con- 
taining two pinions and two wheels. The BAOKaEAB 
(g.v.) of a hithc is an example. 

Double Headed Rail (Civil Eng.) The form of 
rail now used in most permanent ways ; it can be 
reversed when worn, as the top and bottom are of the 
same cross section. 

Doable Hung (Join.) Sashes that 
are hung with cords and weights. 

Double Imperial. The size of a 
printing paper measuring 4.1 by 
30 in. 

Double Junction (Build.) A 
pipe with a branch on each side of it. 

Doable Lath (Build.) A strip of 
wood f in. thick# Double Junction. 


Doable Lettem (Typog,) Old face letters such aa 

ft, and diphthongs M, <E, sb, cb, eta 

Double Margin Door (Join.) Where it Is inoon* 
venient to have folding doors, and the opening is too 
wide for a well proportioned door, a door is con- 
structed with four styles, with a bead down the 
centre to make it look like a pair of folding doors. 

Double Narrow (Typog.) Furniture double the 
width of a narrow, i.e, six picas in width. 

Double Pica [Typog.) A fount two small picas in 
depth, and in size between paragon and two line 
pica. Si‘e Type. 

Doable Ported D Slide Valve (Eng.) A special 
form of Slide Valve (q.v.) intended to facilitate 
the escape of the exhaust steam by means of ports- 
in the valve itself, wliicb has a hollow cast in it of 
the form of a capital D- 

Double Post. A size of printing paper usually 
32 by 2(1 in. 

Double Pott. A size of printing paper which 
measures 25 by 1 5 in. 

Double Quirked Bead 

(Join.) A bead with two 
quirks (q.v.). 

Double Refraction 
(Phys.) A doubly refract- 
ing body is one in which 
the velocity of light is 
different in different direc- 
tions, instead of being 
independent of direction, as in glass or water. Singly 
refracting suhstancos like glass may, however, be made 
doubly refracting by setting up internal stresses, by 
pressure, oi by unequal expansion. This variability of 
light-velocity with direction implies the existence 
of definite molecular structure. It occurs in all 
crystals except those belonging to the cubic system. 
Every such suljstance has one direction (UniAXAL 
(Crystals), and many two directions (BiAXAL 
Crystals), along which they behave to light as 
singly refracting substances, possessing a definite- 
refractive index (called the Ordinary Index). 
This direction is called an Optic Axis, and the 
tw'o extremes of light-velocity occur for vibrations 
executed at right angles to the optic axis and along 
the oxjtic axis resiKJCtively. The former velocity is the 
greater in “positive,” and the latter in “negative” 
substances. Wln^n light passes through the sub- 
stance in any direction other than along an optic 
axis, it may be regarded as consisting of two 
portions, one executing its vibrations perpendicular 
to the axis and having a constant velocity and index 
(the Ordinary Bay), and another whose vibrations 
are at right angles to the former, and whose velocity, 
and therefore index, depends upon the inclination 
of the my to the optic axis. This is the Extra- 
ordinary Ray, and its refractive index varies 
between the value for the ordinary ray and another 
value which is either greater or smaller than the 
former, accordingly as substance is “positive” or 
“negative.” If tlio substance be sufficiently thick, 
these portions emerge as two distinct rays which 
have undergone unequal refract ion. 

Doable Riveting (Eng.) Two lines of rivets- 
instead of one. The latter is more commonly used. 

Doublet (Efng.y etc,) Sheets of iron from about 
to in, thick, or 20 to 25 B.W.G. (tee WIRE* 



Double Facm> Akcui- 
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Double Quiekxd Bead. 
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‘ClAiTGBS), prepared for coatilog with tin to make TiK 
PliATB (dJf.) 

Bonhle Samara (JBettmyy A type of fruit whero 
the pericarp U winged and the fruit breaks into two 
or more winged portions (e.g. maple). 

Double Sharp {Musie}. A sign ( x ) which raises 
a note a whole tone. 

Doublb Shear Steel (Met.) See Skbab Stbbl. 

Double Shrinkage (J3ng.) See Double Gok- 

'tPBACTION. 

Double Stars {Agtrm.) Btars which lie apparently 
«o near to each other that only a magnifying power 
will separate them. There are two classes, physical 
doubles and optical doubles. 

Doublet (Cost.) A close-fitting garment reaching 
from the neck to a little below tlie waist. It was 
worn in England, generally by men, fjom about the 
middle of the fourteenth century until the time of 
Charles II. It varied extensively in form, sometimes 
being without sleeves, and sometimes devoid of the 
Abort skirt. 

(Meet.) Used in theory of electrical images 

to denote a system of two small equal charges 
of opposite sign sei3arated by an exceedingly small 
distance. The moment” of the doublet is the 
product of one of the charges multiplied into dis- 
tance between them, and this })roduct is always a 
finite quantity. The term is used iu a similar sense 
in theory of magnetism. 

(Photo.) A photographic lens consisting of 

two separate single lenses mounted in a tube. By 
the u.se of a suitable doublet distortion of the image 
can be corrected. 

Double Tenons {Carp. and. Join.) Two tenons 
side by side and parallel to each other. If doubled in 
width only, they are termed single tenons. See 
"Tenons. 

Double Threaded Berev (Btig.) A screw with 
two parallel threads (?./?. twu separate helices) 
in.stoad of one ; used in certain cases where a 
comparatively fine thread of quick pitch is required. 

Double Warp {Lace Manufac.) When the waip 
system of threads numbers twice that of the bobbin 
system. Two war]) threads to one bobbin thread 
throughout the whole width of the web. 

Double Webbed Oirder (i^ng.) A Box Gibdbh, 
ije. one with the top and bottom booms united by 
two parallel webs. 

Doubling Manufac.) The twisting together 

•of two or more threads so as to make one strong 
resultant thread known as Folded Yabns. Used 
for making strong fabrics, sewing cotton, crochet 
•cotton^ etc. Tliree forms of machines are used: 
(1) the ring doubler, (2) the twiner, (3) throstle or 
flyer. Cotton threads may be either (a) dry doubled, 
(h) wet doubled. The term is sometimes used when 
running two or more threads together on a bobbin 
without twisting. 

Doubling CouPBO (Build.) A double row of slates 
At the eaves of a roof. See Boofs. 

Dpnglai FIf. See Woods. 

% Donl^g Stone. See Building Stones. 

Doup, Doiq^y or Dupes (Tewtile Manufac.) A 
type of heald used in gauxe weaving. See Heddle. 


Doap» Doupe, or Di^i (Siih Mwmfae.) An in- 
terlacing coupling or lash used in the manufacture 
of gauze, also for making a fast edge when two or 
more widths of work are made together in a loqm. 

Dove (Art). (1) In Christiah art the dove is the 
symbol of the Holy Ghost. (2) A vessel in the fom 
of a dove was formerly used for enclosing the Pyx 
in Eastern churches. 

Dovetailing (Join.) Dovetails consist of splayed 
pins on one part and sockets on the other. The 
splay or slope should be 80°, i.e. 10° out of square. 
In common dovetailing the joints are visible iu both 
boards. In dovetailing used in drawer fronts the 
joint can be seen on the side of the drawer, i,e. in 
one boju-il only. In Blind or Hbcebt Dovetailing, 
used in some kinds of finished cabinet work, the 
joints are entirely concealed, so that the two boards 
appear to be Mitbkd (q.v.) together. 

Dovetail Key (Join.) A 
form of w ooden key with its 
edges sloping. 

Dovetail Sav. A light 
tenon saw used for cutting 
dovetails, and for small work 
generally. 

Dowel (Carp.^ Build. ^ 
etc.) (!) A wooden pin 
used in joining two boards do\tsiail Kkys. 
edge to edge instead of a 

tongue and groove. (2) An iron pin fixed in a stone 
in such manner that a i)ortion of it i»rojects and fits 
into a Iiole made in anofher stone alongside. The 
joint thus made is called a DOWUL JOINT. (3) A 
short piece of slate, used in making a joint in 
masonry. 

{^Pattern Making). In pattern making the 

♦Unveiled joints are intended to come apart easily 
for convenience in inoiiltling. The dowels are usually 
brass or iron pins, fitting into metal sockets ; they 
arc provided witli flanges, by nhich they are 
screwed to the pattern. 

Dowel Plate. A steel place with holes in it for 
making wooden dowels of various sizes : the wood is 
trimmed roughly to siz-t and then driven forcibly 
through a hole in the plate. As the hole is made 
slightly conical, a culting ac!iion is exerted which 
trims the wooden rod up to a cylindrical form. 

Dowlas ( Linen Manufac.) (1) A heavy plain texture 
linen used in the brown sUite for aprons and in white 
for inter! inings of collars, shirt fronts, etc. (2) The 
name applies also to a strong calico made iu imitation 
of the foregoing. 

Downpipe (Plumb.) A rainwater |)ipe. 

Downtake (Met^ etc.) (1) A passage by which 
hot gases arc led from the cone of a blast furnace to 
the base. (2) Any passage for the downward flow 
of gases, etc., as in some forms of boiler setting. 

Downthrow (Geol.) The amount of dislocation 
which rocks have undergone where they have been 
let down by faults. The correlative to downthrow is 
Upcast. 

Dowson Gas (Enij.) A mixture of Wateb Gab 
and l^ODUCBE Gas (q.v.)^ formed by blowing air 
and steam through rednot coke. Its uses are much 
the same as producer gas, but it has a greater calorific 
value. ' ‘ 
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thsMk Mttvbie TkpeK^JEUndti^), A.maxbling (for 
eitbietr paper o:r book edges) in which the colonra are 
drawn together and intermingled by means of a wire 
oombr Thus in place of the ordinary “shells’’ or 

veins,” Dutch marble presents a series of small 
sharp scollops of varying oolonrs. 

Dvaosna iBotuwy). A genus of LiliaoecB re« 
markable for their arborescent growth. The resinous 
exudation from the stem is one source of Dbaoon’s 
BI^OOD, and the leaf fibres are used in commerce. 

Prachm i>r Dram. See Weights and Measuhes. 

Draff. Spent grain from a whisky mash. 

Draft (Mtig,, etc.) A preliminary sketch, l^ess 
froquejitly the term is used for a drawing otherwise 
than preliminary. 

(Textile Marntfae.') See Dbapti^jg. 

Drafted Margina {Masonry), A narrow margin 
chiselltid round the edges of stone block.s, the centre 
portion of the stones being hammer dressed. 

Drafmng (Textile Mufiu/ac.) Arranging the order 
in which the threads are to be drawn tlirough the 
hcalds. Usually imparted to thedrawor-in by means 
of a chart or plan called a or DitAFTlNG 

l^LAN, See Obawing lx. 

(Lare Manvfac^ The art of arranging and 

manipulaiing on paper the various threads tliat 
will eventually compose the lattern of laco in the 
lace machine. The correct attainment of all the 
ncoessury movements of the threads by meclianical 
means. 

Drag (Fimndry). The lower portion of a Mould- 
ing Box'iq.v.) 

(Typog,) A term applied to a printed sheet 

which shows slurring or donhling. 

Drag Bar (Fag.) The bar by which a truck, 
locomotive, traction engine, etc., is attached to a 
following truck. 

Drag Bolt (Fug,) The bolt sometimes used in 
fastening Dbag IIaks (qx.) together. 

Drag Link {Fng,) The Itjvcrs, etc., n.sed trf move 
the liiXK MoTfON (q.v,) of an engine. 

Drag on Armature Conductors {JChct, Fng,) 

The mechanical force expericiu:i'd hy a conductor in 
which a current is flowing when moved so as to cut 
across magnetic lines of force. This drag is at riglit 
angles to the conductor and tangential to the anna- 
tnre, and tends to rip the windings oil' the surface 
of the core. If the conductors are wholly or par- 
tially embedded in iron, this drag is transferred, 
wholly or partially, from the conductors to the 
iron. ’ This fact is c»f vital importance in electrical 
engineering. 

Dragon Beam (Join,) A beam keyed to the 
angle tie at tho (’.orner of a building to receive the 
thrust of a Hip Kafteb {q.v,) See also Roofs. 

Dragon’s Blood (Paint,, etr,) A rich dark red 
pigment made from a brittle resin which encrusts 
the scaly fruit of an Ka.st Indian palm, Calanms 
draco, which yields also tho Rattan Cane of com- 
merce. Formerly obtained from tho stern of several 
species of Uraemia (Liliaeecc). Dragon’s blood is 
soluble in alcohol, benzene, carbon di.sulptiide, and 
caustic soda. On destructive distillation it yield.s 
among other products, toluene and styrene (jq.v,) It 
is much used as a pigment in various varnishes, 
French polish, etc. 


Df!«g Flttte (Fnff^) The hinder past of the base 
plate of a locomotive, so called b^uae the DsACt 
Bab (^.e.) is fastened to it. 

Drag Spring (Fng.) A pewerf ul spring attacfiKed 
to a Drag Bab (q.r.) to diminish the sudden Jerk 
when the engine starts. 

Drag Surface (Fng,) The surface of the blade of 
a screw propeller which is next to the vessel. 

Drainage (Sanitation), Strict attention to the 
drainage system of houses is highly important from 
tiie liygienic standpoint. In a modem system 
of drainage the following requirements, amongst 
others, should be complied with ; (a) all drains to 
be watertight ; (b) carefully laid on a bed of con- 
crete with a suitable fall; (c) all inlets to the 
drains, except ventilating openings, to be properly 
trapped; (d) drains to be disconnected from the 
sewer by means of a trap, at which point a manhole 
should be built; (e) branch or tributary drains 
should join one another obliquely in the direction of 
the flow, and not by right-angled junctions ; (/) all 
joints to be well made ; (g) adequate provision made 
for ventilation. See also under SANITATION. 

Dralii Cock (Fug.) A small tap for running oH 
water condensed in the cylinder of an engine. Also- 
termed a T'f;T CocK. 

Drains and Water Closets i^Ilggiejie). See Sani- 
tation. 

Dram or Drachm. Sec W ei(;hts and Mbasubbs. 

Drapery Panel (Join.) A panel carved to, repre- 
sent the folds of drapery. See i^iXKN Fold. 

Draught {Fug.) The air supply of a furnace or 
boiler tire. See also Natubal Dbaught, Forced 
Dkaught. 

{Pattern Malting). The tapering off of a 

pattern to facilitate its removal from the mould, 

{Textiles). Sec Dbafting. 

Draught Bar {Fng.) A Drag Bab (q.v.) 

Draw ( i Won S/ntming). Referring to tho com- 
plete outward and inward run of a mule carriage, 
usually a stretch of (J:i to 64 in. During the com- 
plete draw all the operations necessary in the 
spinning and winding of a thread are performed. 
The speed of the mule is usually indicated by the 
number of draws per minute, 

) ^ torm applied to part, of a line of 

type drawing out on to the roller during the inking 
of the forme, owing to imperfect justification. 

Drawback (Foundry). A portion of a mould 
which can be removed from the rest to enable the 
pattern to be withdrawn, etc. A drawback is sup- 
port€jd by an iron frame or plate of suitable shape, 
and is rigidly fixed in place when tho casting is being 
made. 

Draw Bar (Eng.) A Dbag Bab (q.v.) 

Draw Bit (Lace Manufac.) The movable portion 
at the end of the dropper slides or boxes to which 
the guitlc bars are attached, enabling them to be 
correctly adjusted. 

Draw Boring ((larjt. and Join.) A method of 
fixing (and drawing up the shoulders of) tenons 
with" wooden pins. The pin is driven into holf 
bored through the tenon and the material on each 
side of the mortice. 
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Draw Boy {Textile Mant^ae.') A piece of 
mechanism for operating the frame oontaining the 
cords for lifting the harness and forming a shed in 
the warp. Formerly performed by a boy. 

Draw Door WeiPB {Civil Eng,) A Weib or DAM 
{q,v,) in which the water is retained by doors or 
gates which can be raised vertically when there is 
too large an amount of water passing, as in floods. 
The Half Tide Lock at Bichmond furnishes an 
example. 

Draw Filing {Eng,) Putting a finish on metal by 
moving a file backwards and forwards in a direction 
at right angles to its own lengtib, so that the teeth 
only act very slightly. 

Drawing i Cotton Sjnnning), A drawing out or 
attenuation of slivers prepared on the carder or 
comber with the object of reducing inequalities in 
thickness, and also further attempting to place 
individual fibres parallel by means of four lines of 
rollers revolving at different speeds. 

Architectural. Drawing to scale with 

mathematical instruments, plans, elevations, per- 
spective views of buildings, or portions of buildings. 

Drawing Box {Textile Mannfar.) One of a series 
•of machines for straightening and attenuating the 
wool in making worsted yam. 

Drawing Down {Eng.) Altering or diminishing 
the C 10 S.S section of a forging by hammering. 

Drawing Fires {Eng.) The removal of a fire when 
the steam is no longer needed. 

Drawing, Freehand. The practice of drawing in 
outline, from diagrams, forms either natural or con- 
ventional, without mechanical aid ; the hand being 
under guidance of the eye only. It constitutes part 
of the elementary training of a draughtsman. 

Drawing from Nature. Depicting by means of 
pen, pencil, or brush any natural object, animate or 
inanimate. The drawing may be either a complete 
work of art in itstdf, or may be simply a study, 4.0 be 
used as material for j)ictorial work or design. 

Drawing from the Cast. Drawing from a facsimile 
of natural objects or objects of art which have been 
reproduced in plaster of I’aris. The unifoim white- 
ness of the cast {g.v.) renders it specially .suitable 
for tlie study of light and shade. 

Drawing from the Flat. Copying in “ freehand 
fl.^t diagrams of objects, ornaments, or pictures. 

Drawing In {Textile Manufac.) The ends or 
threads are drawn singly or otherwise through the 
eyes or mails of healds or harness in some pre- 
scribed order, so as to produce a di'.finite pattern or 
design in the cloth. Also termed Looming. 

Drawing, Machine. Plans, elevations, sections, 
etc., of machinery and engineering structures 
accurately drawn to scale. They are prepared in 
the “drawing office” for the guidance of pattern 
makers, boiler and engine smiths, filters, turners, 
machinists, and the men employed in the erecting 
shop. They give full details and measurements of 
every part of the piece of. work, and the construction 
and erection are carried out according to these 
•details. 

Drawing of Patterns {Fotmdry), The removal 
<St patterns from the mould. 

Drawing of Tabes {Eng,) See Tubbs. 


Drawing Dn or Pnlling On {Eng,) The method 
by which large wheels are set on their shafts. Large 
bolts are fixed to a heavy metal cross (which is 
rigidly attached to the shaft), so that their nuts pass 
between the arms of the wheel, and press on the 
latter by means of plates. The tightening up of 
the nuts gradually forces the wheel ou to the 
shaft. 

Drawing Pen. A pen in which the ink is retained 
betwetin two fiat blades of steel bent towards each 
other at their points. The distance apart of the 
blades can be regulated, and the pen then produces 
lines of great uniformity. 

Drawing Process {Textile Manufac,) See 
Drawing . 

Drawing Temper {Eng.) The partial removal 
of the hardness or temper [q.v.) of steel by heating it 
to redness and cooling slowly. It is really a form of 
annealing {q,v.) 

Draw Knife. A knife with a handle at each end 
set at right angles to the blade. Used for trimming 
up wood, especially long pieces, of *small width or 
diameter. 

Draw Loom {Textile Manvfac.) A type of harness 
loom used before tlte invention of the Jacquard, so 
called on account of the harness being drawn or lifted 
by a draw boy iu forming the shod. 

Draw Plate {Eng.) The perforated plate, usually 
of j judeiicd steed, through which wire is “drawn.” 
See Wire Drawing. 

Draw Rollers {Cottmi S/mining, de.) Essential 
fuljuncts to spinning machinery. Fitted on to draw 
frames, flyer fraiiie.s, ring frames, mule, and comber. 
In England they are usually covered with specially 
prepared slieepskin leather. Three chief forms : 
(J) Solid leather covered. (3) Loose boss. (3) Metallic 
llutcd roller. 

Dredger {Civil Eiig.) A machine for excavating 
The bottom of a channel, i.e. one which works under 
water, as o)»posed to an Excavator {q,v.\ which 
works on dry land. 

Drenching {Leather Manvfac.) Lip lit skins for 
moroccos or gloves aftei bating are “ drenched ” in a 
tt;})id solution of bran and water. The gluten of 
the bran ferments, forming organic acids. These 
acids open up and swell the L’kins, and dissolve out 
any remaining lime. 

Dresden. 'J he royal Saxon porcelain manufactory 
commonly known as “ Dresden ” was established at 
Meissen fin the Elbe, about ten miles from Dresden, 
in the year 1710, Herr Udttger being director. It 
was fostered under the diret'.t patronage of August II., 
Elector of Saxony. The inanufacture was, and still 
is, exclusively confined to hard paste, and the pro- 
ductions have become celebrated tliroughout Europe 
for beauty, refinement, and a characlenstic style. 
“Dresden china” is perhaps best known liy the 
dainty models of “ Watteau ” figures which were so 
largely used for the ornamentation of clocks, tazzus, 1 
candelabra, etc. In a<klition to these, the produc- 
tions of the manufactory include a great variety of 
models of birds and animals, and useful and orna- 
mental china of practically every description. See 
Bottchbr. 

Dpesser {Eng.) A block fitting into an anvil, over 
wrhich certain bent work is forged. 

{Pltinnh,) A wooden tool, usually boxwood, 

for flattening out sheet lead. 
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Deeui^ (Cotton Momifao^ A process of warp 
preparation for the loom. There are several systems, 
two of which are given. Yobksbibb DBESsiNO(for 
-coloured work) : In this system the yarn is ordered 
in the ball warp, and after being dyed and sized, all 
the threads are ran side by side, according to pattern, 
on to the weaver's beam. Scotch DEBsaiNa (for 
grey work): The yams are run from back beams 
placed at l^th exids of machine, tbrongh a paste or 
size, on to the weaver's beam fixed in the centre. A 
more particular and expensive process than sizing, 
and adopted for best work only. 

{Laoe Manufac,') A process applied to 

machine made lace which can only be carried out 
while the lace is in the web ” or piece. Jt implies 
and comprises all the various processes of scouring, 
bleaching, monlanting, dyeing, staining, and dress- 
ing, this last process consisting of stretching the 
web of lace upon special machinery in a room sup- 
plied with heated air and every appliance for drying 
it quickly after being starched. 

(Linen Mamfac.) Wlicn linen yarn is being 

woven, especially if it has passed through any finish- 
ing process, it is liable to fra}' and break. To avoid 
this it Lfis to bo run through a mixture of flour or 
starch mixed with tallow, wax, gloy, etc,, which is 
called dressing. It is mostly used cold, and differs 
from the sizing used in the cotton trade. 

(Mining). The separation of the lighter and 

heavier portions of the crushed ore. See Tbuk 
Vannbk, etc, 

(Plumh.) To dress lead is to flatten it 

with a Dbessek (r/.v.) 

DreBsing a Forme ('J^pog,) Placing the furni- 
ture around the naked forme. Sometimes callca 
“clothing a forme.’ 

DreBsing Off, Fettling, or Trimming (Foundry). 
Cleaning up castings, breaking off runners, aiifl 
rciuoving cores previous to sending the work from 
tlic l‘oundi7. 

DreBSings (Build.) The stone w'ork fixed round 
window and door oj)cnings. 

Driers (Chem.) An ab.sorl)ent powder, generally 
gypsum or barytes, added to superpho.sphatcs to 
prevent pastiness. 

(Dec., etc.) Materials added to paint to 

assist in “ drying,” c.y, hardening by the absorption 
of oxygen. Decorators use princii>aJ]y “ patent 
driers,” which are supplied in paste form, and consist 
of various mixtures, such as zinc sulphate, litharge, 
and lead acetate ground in boiled oil and mixed 
with Paris white, wViite lead, and manganese acetate. 
Most patent driers are largely adulterated with 
barytes, gypsum, etc. Liquid driers are used to a 
limited extent in England, but almost exclusive!}' 
in the Dnitorl States. One of the best known varieties 
is called “Tmbbbine,” and is made from gum copal, 
linseed oil, and litharge boiled together. To the use 
of an excess of driers may be attributed many of the 
defects which so often occur in house painting. 
Driers such as red lead, litharge, manganese oxide, 
borate, sulphate, and oxalate and zinc oxide, and 
sulphate, sugar of lead, etc., are largely used in the 
manufacture of boiled oils, varnishes, lacquers, 
printing inks, coach colours, etc. Driers are some- 
times called Siccatives. 

Drift (Bng,) A tool used to give a final form to 
'drilled or punched holes, into which it is driven by 
.a hammer; also used by boilermakers to form a 


clear hole for a rivet when the punched holee in t&e 
plates to be riveted do not exactly ooinoidow 

Drift (Mining), A passage or level from one part 
of a mine to another for working, ventilation, or 
draining ; especially a passage driven in the direction 
of a mineral vein. 

Drift CurrentB (Meteorol.) Ocean currents pro- 
duced by prevailing winds. 

Drifting (Eng.) The using of a Detft (g.v,) 

Drill (E}ig., etc.) A tool for boring holes, hrid 
and rotated by some form of brace, drill stock, or 
machine. The term is often loosely applied to signify 
the drill stock or drilling machine itself, liee aUo 
Twist Drill, etc. 

(Linen Manufac,) A twilled texture, usually 

three, four, or five end ; or may be a fancy twill. It 
is a .strong make of cloth used for linings, vestings, 
trouserings, etc., and is commonly known as three 
leaf or Diagonal Drill, four leaf or Farm ebb’ 
Dbill, and five leaf or Medium or Heavy Dbill. 
It is mofle brown, white, striped, checked, etc. 

(MiniTig). The tool used for making holes 

in which explosives arc placed for blasting. It is 
often “ armed ” with diamond fragments (see BoET) 
for cutting hard rock. 

Drill Chuck (Eng^ A small Chuck (q.v.) which 
l.nids a drill either in a lathe or drilling machine. 

Drilled Plates (Eng.) The plates of boilers, 
built-up girders, etc., are often strained considerably 
by punching the rivet holes. Plates in which all the 
holes have been made by a drilling machine are free 
from this fault, and arc often used. 

Drill Feed (Eng.) The mechanism which moves 
the drill up to its work. It may be automatic or 
may be worked by the operator. 

Drilling Cramp (Eng.) A fmme or cramp which 
is nsetl to press a drilling brace or mtehet biacje up 
airainst a piece of work which cannot be placed on a 
drilling machine. 

Drilling Machine (Ei^.) A machine worked by 
hand or po\\'er, which drives a drill and at the .same 
time feeds it up to its work. Sec also Pillab Drill, 
Radial Dbill, Wall Drill, etc. 

Drilling Table (Eng.) A cast iron plate, furnished 
witli slots and holes, for holding work in position in 
a drilling machine. 

Drill Plate (Eng.) A plate fixed to the loose 
hea<l.st.ock of a lathe in order to prc.ss a piece of 
work up against a drill fixed in a drill chuck. 

Drill Spindle (Eng.) The main revolving part of 
a drilling machine ; it carries the drill itself, and can 
be “ fed ” or caused to move in the direction of its 
own length, without ceasing to rotate, by means of 
the feeding mechanism. 

Drip (Chem. Eng.) The ACID DRIP is a gauge 
on a mriol chamber. It resembles a horn, the wide 
mouth of which looks upwards in the chamber, while 
the pointed end is connected to a swan-neck outside. 
Jt acts in the same way as a rain gauge, by catching 
the shower of acid as it forms in the chamber, and 
collecting it so that the yield and quality can be 
tested, 

(Plvnih.) A step (drip) formed in gattjferB 

and ilats at the ends of the sheets of lead or ziiSb' to 
do away with the necessity of soldering. 

DripBtone (Architect,) See Flood Mould. 



HriYer (Silk Mani^ac,) Sbs Pioksb. 

BriYlii]{ (Mining). A gexi^ral term for catting or 
making a level, adit, or other paesage in a mme. 
The making of shafts is asnallj termed Sinking. 

Driving JLxle (^n,g.) A shaft or axle which 
transmits rotation to a wheel which is keyed or 
otherwise fixed on to it. 

Driving Blade (Ltice Manu/ao.) That part of the 
Jacquard that contributes the power to move the 
guide bars. 

Driving Chain (Bng.) A chain such as that of a 
cycle or motor car, which communicates motion from 
one toothed wheel to another. See Cycles. 

Driving Chuck (^ng.) A chuck with a projecting 
pin which engages a CaBRIEB (q,v.) fixed on a piece 
of work running in the lathe between the centres, 
and causes it to rotate. 

Driving Fit (JSng.) A piece of work which fits 
very tightly into its place, so that it can only be 
driven home (i.e. into place) by considerable force 
applied with a hammer or mallet. 

Driving Gear (1) The levers and handles 

by w’bich an engine or machine is controlled. 
(2) The gearing through which the power is trans- 
mitted from one part, of a machine to another, e.g. 
from the engine of a car to the driving axle. 

Driving Horns (Elect. Eng.) Projections w’hich 
overcome the drag (g-v.) on the armature conductors, 
and cause them to rotate wdth the shaft and core of 
the armature. In tootlied core discs the teeth them- 
selves serve this purpose. 

Driving Side (E^ig.) The tight side of a belt, i.e. 
the side which is in tension, and therefore transmits 
the power. 

Driving Wheels (Eng.^ etc.) The wheels of a 
locomotive, car, etc., which are actuated by the 
engine^ and which cause the motion of the 
vehicle. 

DromoB (Arcliiteot.) An enclosed passage such 
as one leading to a tomb buried under a tumulu.s. 

^ Drop (Carp, and Join.) See Pendant. 

(Met.) The completion of the decarburisa- 
tion in the ISessemer proces.s ; it is marked by the 
sudden “ dropping’* of the flame from tlie converter. 

Drop Black (Paint. ^ I)ee,^ etc.) A terra applied to 
a variety of black pigments which are made in an 
irregular conical form. This is produced by mixing 
a little gum water with the black and allowing it to 
drop from the mill in which it is ground. An 
example is Frankfort Black, made from vine 
twigs, cork cuttings, etc. ; but other blacks made 
from bones and animal refuse are often made in this 
form. 

' Drop Bottom Cupola (Met., Emmery, etc.) A 
Cupola (g.v.) in winch the bottom can bo removed, 
allowing the remains of the fire, slag, ete., to fall into 
a pit or space beneath. 

Drop Box (TemtiXe Manvfae.) A type of power 
loom in which the shuttle boxes have a vertical 
up and down movement. Originally the boxes 
drop()ecl simply by gravity. 

Dropped Head (Typog.) Chapters or sections of 
a book which commence a new page are usually 
•’ started about two-thirds the way down the page, and 
this constitutes a dropped head. 


Dropper iLttoe Mitwvifm.') Ad lueiSnuneidi bl . 
cirion used in the Jaoquerd for the^urpose ol gfviiig - 
aocozate loaovement to the guide bara ^ Droppers 
selected singly or ip combii^itlozi, 2nd d^p&d upon 
the principle of the wedge for their effectiveness. 

{Mining). A subsidiary vein ru^ng down* 

ward from a lode. , 

Dropper Boxes (Lace Mam^ae^ The> space 
between the slides in the Jacquard, wherein the 
droppers work. See Dropper. 

Dropper Gauge (hm^e Manufac.) A measure to 
test the accuraciy of tlroppors of every size or denomi- 
nation used in any particular lace madune. Sec 
Dropper. ,, 

DroBB (Met.) Impurities which rise to the surface 
of metals when melted ; also inferior material 
generally. 

DroBser (Ghuts Mann/ac.). An iron frame while 
it is being annealed. 

Drug. The Sale of I'^ood and Drugs Act, 1876, 
defines the term “ drug’* as inclurliyg medicine for 
internal or external use.'’ Difficulties frequently 
arise in administration when substances are used 
both medicinally and commercially. To settle the 
teclinicvalitics appeal is made to a magistrate. 

Drum {Cotton Manvfae.) The hollow cylinder in 
which steam is applied to i)rinted fabrics in order to 
fix the colours. 

(Eng. etc.) (1) A large pulley or cyliader 

round which a bell passes or a rope or chain is wound. 
(2) A cylindrical chamber used in flues, stoves, and 
healing apparatus. (Jl) A cylindrical or barrel- 
shaped metal vessel (usually of sheet iron, used 
instead of a wooden barrel for holding liquids or 
solids, such as oil, paint, white lead, etc. 

(Join.) A cylindrical structure, used in 

building up varioihs pieces of circular woodwork ; a 
large drum is also used lor support ing a number of 
bars of w'ood, of square soctitin, whi(jh are arranged 
round its periphery and turned in a lathe in order to 
form balusters (q-V.) 

(Lace Manvfae.) A cylinder of wood or tin, 

about is in, in diameter, uj)on which are wound 
threads, varying in nniuber from 60 to 120. 'fhis 
forms a supply for wiadiiig the brass bobbins. The 
utility consists in the equal amount of tension 
obtained. 

(Munv). See Babs Drum, Kettle Drum, 

Side Drum, under Musical Instruments. 

Dramming (Leather Manufac.) A process fre- 
quently employed is to place leather in large rotating 
drums containing tan liqnrrr, grease, dye, or weighting 
materials, as required. This treatment is known as 
” drumming.” 

Drum WaBher {Paper Manufac.) A hollow 
cylindrical vessel, covered with wire gauze, used 
for removing dirty water from pulp. 

Drum Weir ( Civil Eng.) A Weir or Dam {g-c.) > 
with a gate hinged so as to rotate about a horizontal 
line. The hinge lies in the olanc of the river bed, 
the lower half of the gate moving in a hollow or 
drum of quadrant shaped section situated IkiIow the 
level of the river bed. The height of the water in 
the channel above the weir can be contplled in a 
very perfect manner by turning the gate or sluice 
through an angle, so as to raise or lower the “ sill 
or top edge, thus lessening or increasing the volume 
of water passing over. 
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VVlMlii%iiBi^^^ Manu/ae,t eta,) A system df 
'(W^&ng yarn m to bobbins^ or in the form ol cheeses, 
bjr . means of Motioiial oontaot with dmms. Two 
methods ore' emidoyed, Straight and Quick 
TRaJiTSi^B. See al$o WmDiNG. 

, — (^iElect JSby.) See Abmatubbs. 


. Drai^eH Bvm ( Oarp.^ etn,) A circular saw 

whose plane is not at right angles to the axle ; it is 
used for cutting a groove in timber, the width of the 
. groove depending on the angle at wliich the saw is 
set. Now usually superseded by a thick saw, set 
square . on the axle, which cuts an accurate groove 
of its own thickness. 


Drupe XSatany). The ** stone fruit ” as seen in 
the plum, cherry, peach, etc. The pericarp, or fruit 
wall, is in three layers: the rind (Epicarp), the 
pulp rMESOCARP), and the stone (Endocakp). The 
kernel of the stone is the seed. 


Drusy CaYities ^Orol.) Small cavities occurring 
in eruptive or other rocks, commonly lined with 
crystalline mixiftais. j 

Dry Area (^liuild.) An enclosed space round an 
external wall, the bottom of which is below the 
ground level. 

Dry Brush {Mmliling). A brusli used to remove 
sand or dust, as distinguished from one used to damp 
the surface of the mt)uld. 

Dry Bulb Thermometer {Mpteor.) See IIygho- 
METERR. 

Dry Cells. See Cslls, I^rimaby. 

Dry Copper {MeL) See Copper. 

Dry Dock (^Cml Eu.g.^ See. Dooks. 

Drying Cylinder {Paper Manufa^i,) A hollow 
iron cylinder heated internally steam, used for 
drying pa])er. 

Dicing of Paint (7>cr.) Oil paiut dries or becomes 
hard ptirtly by absorbing oxygen from the air, which 
combines with the linseed oil, and partly by the 
evaporation of the volatile spirit turpentine (y.r.) 
To assist in the oxidation, dri(;rs (^/.r.) are sometimes 
added, but this is unnecessary in the case some 

E igrnents, such as red lead. With tiie obicct of 
icilitating the drying of newly applied paint, fires 
or gas jets arc sonjetimes lighted. This is, however, 
worse than usele.ss, as the heat does not assist the 
drying, but retards it, owing to the oxygen that is 
used up. When paint or varnish docs not dry, but 
remains sticky, it is a sign that it li.as b(»en applied 
to a dirty and greasy surface. See a ho JIriebb. 

Drying Oils Dee.^ etc.^ Those oils vrhich 

dry or lx*oome hard on exposure to the air. Linseed 
Oil (g.v*) is by far the most important of these, but 
Poppy Seed Oil, Hemp Seed Oil, Walnut Oil 
(q.v.')t etc., are also used by painters to some extent. 
The oils of this class are also called Fixed Oils, 
because they are not changed by distilhition. 

Drying Room QTgpog,) A room heated by hot 
water or steam to a uniform temperature of about 
120° F., and employed to facilitate the drying of the 
printed work. 

Drying Stove (Moulding'). A furnace or oven 
used for drying Cores (g.v.) before placing them in 
the mould. 

Dry Moulding (Fbtmdry'), Moulding in pure 
sand instead of^ Loajc (q,v,) 


Dry (Eng:^ Arperforated pipe plaiQ^ hori- 
Bontsuly inside the Head of a steam boil^. for 
drawing off steam from the whole imigth of the 
steam space. Sometimes a trough or haB-pi|>e1|ii8* 
pended by lags about half an inch from the tbp pt 
the boiler shell. . 

Dr^ Plate (Photo.') A plate carrying a ^latino 
dim Impregnated with salts of silver sensnive to 
light (i.e, the bromide, iodide, and chloride). The 
plate is usually glass, but may be transparout 
celluloid, which is light, flexible, and unbreakable; 
occasionally, however, paper is coated with the 
sensitive film. See Paper Negatives. 

Dry Point. See Engraving and Etching. 

Dry Spinning (Li7ie7i ATanvfao.) Flax may he 
spun wet or dry, the latter giving a softer and more 
spongy yarn, which suits better for making some 
cloths. When spun wet, the rove X)asses through hot 
water, which sevens the gum in the flax and enables 
it to Ije drawn out into a finer and firmer thread. 

Dry Steam (Eng.) Steam unmixed with fine 
particles of water, but not superheated {q.if.) ; It is 
really Saturated Water Vapour (q.v.\ and begins 
to condense at once on cooling. See aUo PRIHING; 

Dry Uptake (Eng.) The lower part of the flue 
of a marine boiler w'hich is not surrounded by water ; 
i.e. tbe flue is outside the boiler. 

Dry Wood* Seasoned wood, free from sap. See 
Seasoning. 

*‘D*’ Section Tubes {Cycles). These are useful 
for tlie horizontal bars forming the back forks, ex- 
tending from tlio bottom bracket to the back axle, 
as they help to reduce the width of tread ; but they 
are not in much favour in the latest machines, being 
inferior in .strength to ordinary round seamless tubes. 

ic D»» Trap (JJygieTie). This trap, so called owing 
to its likeiioHS to the letter D» is frequently met with 
in connection with the old “pan container” closet. 
It is a very bad type of trap, having too many angles 
and projections, and is not self cleansing. 

Dubbing Out {Plastering). Forming a moulding 
in plaster roughly, preliminary to finishing off the 
work neatly. 

Duck {Lilian Manvfao.) (1) A heavy make of 
plain texture linen cloth wliicb has either a ribbed 
or a matt appearance according to make. It is also 
often made in fancy textures for vestings, trouserings, 
etc. (2) A (Aitton fabric liaving the same appearance 
is also manufactured. 

(Her.) In heraldry a duck is always called a 

Cannet, and appears without feet or beak. 

y Eider (Zoology). Somateria mollUeima 

(family, Anatidce ; order, Anseres). The well known 
eiderdown is obtained from the nests, where it forms 
a covering to the eggs. The female bird plucks the 
down from her body, gradually increasing the 
amount during the period of incubation. 

Ductility. The property of certain metals 
wdiich allows them to be drawn out into wire; e.g. 
silver, copper, brass. 

Ductless Glands (Zoology). The term applied to 
the thyroid, adrenal (suprarenal), pineal^ and pitui- 
tary glands. The spleen and thymus glands are also 
included under this term. 

DuotOF (Print.) A duct, trough, or reservoir 
which holds the ink in a printing maobine. 

13 
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Dueti Duo {Music), A composition for two voices 
or instruments. 

Dulcimer. See Musical Instbumbnts— Btbino 

(BY I'BBCUSSION). 

Duloito ur Duleltol {Chem,), CH^OII . (CHOH), 
CHjjOH. Lustrous prisms ; melts at 188^ ; sparingly 
soluble in water; sweetish taste. It is isomeric with 
mannitol, and with hydriodic acid gives the same 
hexyl iodide that mannitol does. With nitric acid it 
yields mucic acid. It occurs in Madagascar manna, 
and can be obUiined from this and also by reducing 
lactose or galactose with sodium amalgam. It is a 
hexahydric alcohol. 

Doll. (1) Blunt (in reference to a cutting tool). 
(2) In the case of metal, at a heat less than that at 
which the metal is usually forged or cast. 

Dnlong and Petit's Law ( Chem,) The product of 
the atomic weight of an element and its specific heat 
is constant, viz. 0-4. The law only applies to the 
elements in the solid state. A few elements of low 
atomic weight and liigh melting points, such as 
beryllium, boron, carbon, and silicon, give a value 
less than 6*4 ; but in these cases it is found that the 
specific heat increases with the temperature, so that 
when the specific heat of those elements is taken at 
a high temperature the product, atomic weight and 
specific heat, approaches tlie normal. The constant 
6*4 is often called tlje atomic heat. This law does 
not give accurate values for the atomic weights, but 
it is very useful in enabling a chemist to decide what 
multiple of the equivalent (q.v.) of an element must 
be taken to obtain the atomic weight, because 
equivalents can be determined with great accuracy. 

Dimias’ Measurement of Vapour Density. A 

method of finding the density of gases and vapours 
by weighing a flask of known volume which is full 
of the gas, and making a suitaVfic correction for tlic 
loss of weight of the ^sk and its contents due to 
the fact that it is weighed in air, i.e, adding on the 
weight of the volume of air displaced by the flask. 
The gas or vapour must first l)e (jondensed, and a 
small amount of the liquid placed in the flask. 

flask is then immersed in a batli at a tempera- 
ture above the boiling point of the liquid until 
vapour ceases to issue from the neck. The flask is 
then sealef^l up, and the temperature of the bath at 
the instant of scaling is noted. The weight of 
vapour which will occupy the volume of the flask at 
a known temperature is thus found. 

Dumfries Bandstones. See Building Btones. 

Dummy (Plumb.) A thick cane with a lump of 
lead on the end : used for beating out dents in lead 
pipes. 

— - (Print), A set of sheets made up to re- 
semble a book, magazine, etc. The object is to convey 
an idea of the size of a prospective publication, 
and if details are furnished, of the scope of such 
publication. 

Dundee Sandstone. See Building Stones. 

Dunes (Oeol.) A term almost entirely restricted 
to the hills of sand which occur in maritime regions, 
large quantities of sand are stirred up by the waves 
during storms, and when these waves are driven on 
to the coast the water flows back to the sea, ‘and 
sand is left on the shore. Sand reeds and various 
classes bind the accumulation together, and thus 
help it to increase in size. Sanddnnes are often 
imjj^rtant reservoirs of potable water. 


Dnnite (Oeol,) A platonic rock of granlMc stmo- 
ture and ultrabasic composition. It consists essen- 
tially of olivine, with some pyroxene and iron ore, but 
with little or no felspar. 

Dunlop Tyres (Cycle), See Tybbb. 

Dunted (Pot.) Punted ware is practically the 
same os Fled Wabe, the term being a colloquialism 
common to the StafiEordshire potteries. 

Duodecimals. The aritlimetical processes involved 
in the multiplication together of feet and inches in 
finding areas and volumes in the English system of 
measures. 

Duodecimo (Pri?it.) A sheet of paper folded into 
twcKe leaves, commonly called twelvemo and written 
12 mo. 

Duodenum (Zoology). The first loop of the intes- 
tine after leaving tins stomach. It receives the bile 
and pancreatic juices. 

Dupes (Textile Martufac.) See DOUP, 

Duplex ( Watches and Clochs). frictional-rest 
dead-beat escapement, the escape wheel leaving two 
sets of teot-h : one vertical set for communicating 
impulse; the other, horizontal, for producing the 
rests. 

Duplex Lathe {^ug>) A lathe with two cutting 
tools acting simultaneously on opposite sides of the 
work; the tool at the ba<!k of the work is inverted. 
It is of great use in turning long shafts, as it is hot 
only quicker than the ordinary method, but more free 
from errors due to the springing of the wt>rk and 
chattering. 

Duplex Papers (Paper Manufae.) I*apers coated 
with a (lifCerent coloured mixture on cither side. 

Duplex Telegraphy. See TklegraMiy. 

Duramen (Botany). The heart wood or central 
portion of the stem of a trijo. It has lost the power 
of transference of water, and is harder and darker 
than the sap wood. 

Duresoo (l)ee.) A w^ashable water paint or dis- 
temper, having many of the characteristics of zinc 
white t)il paint (q.r.) It is made without lime, 
gypsum, or natural ban'^tea. 

Duster (Dee.) A brush used by painters for re- 
moving dust before api)lying jiaint. In London and 
the soutlicrn part of England a round brush is usually 
employed, but in the north a flat brush is more 
generally employed. The latter possesses the ;id van- 
tage of being handy to get into corners and the 
spaces between the balusters on a staircase. 

Dust Proof BearingB (Cycles and Motors^ etc,) 
A bearing fitt(jd with some form of cover or cap to 
prevent as far as possible the entry of dust. 

Dust Sheets (Dee.) Cloths of unbleached sheet- 
ing used by painters over furniture, floors, etc., to 
protect them during repainting. 

Dutch Bond (Build.) A similar bond to English, 
ex(!c]>ting that a threequarter brick is used in the 
Stketching Courses (q.v.\ ami the closer omittecl 
in the heading courses at the quoins. See Bond and 
English Bond. 

Dutch Bricks. See Bbicks. 

Dutch Clinker (Build.) See Clinkeb. 

Dutch Liquid (Chtmi,) Ethylene dichloride. See 

Ethylene. 
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Dutch Ketalcr Dutch Gold Leal. An alloy of 11 
parts of copper and 2 parts of zinc. It is one of the 
most malleable alloyB. 

Dutch Pink A transparent yellow lake 

pigment, formerly much used by scenic artists and 
wallpaper manufacturers. When ground in oil it is 
useful as a glazing colour {fj.v,) 

Dutch School of Painting. See Painting, 
Schools op. 

Duty (JEng.) An old system of measuring the 
efficiency of an engine. It is the number of foot 
pountls of work performed by the combustion of one 
bushel of coal. The modern method is to observe 
the number of pounds of coal per Indicated Hobse 
POWEB Houb (q.v.) 

D Valve (Etig.') The common slide valve which 
has a cross section very much in the foim of the 
letter D* 

Dwell The pause during which a sheet 

in course of printing is impressed on the type or 
forme. In the (jest platen machines this stationary 
period or dwell is somewhiit lengthy. 

Dwellings, Sites for and Structural Arrange* 
ments of. Sec under Sanitation. 

Dyad Elements (Cltem.') Divalent elements. See 
Valrn(;y. 

Dyas {(reol.) A name often used instead of 
“ rormian ” for the lower sub-division of the New Ecd 
liocks. In Britain it is most typically clevob»i)ed in 
the Eden Valley, whore it consists of the jMagnesian 
Limestone (ami its J’lani Pods), which overlies the 
IVnrith Handstonc and its associated breccias. It 
was formerly known as the Lower Now lied, an'' 
is again being recognised by that term. Dyas is 
cinTclativc to Trias, or Upper New Red. 

Dyes and Dyeing. Until t he middle of the nine- 
teenth century the substances used f(»r producing 
colours on textile fabrics were mostly derived from 
the vegetable kingdom, an(i consisted of the wood, 
leav(‘S, seeds, etc., of various plants. The discovery 
by Dr. l^erkiii, in ISofi, of mauve, the first dye 
derived from coal tar, and the suhs(*qucnt introdac- 
ti(m of innumerable coal-tar dyes due to this dis- 
C( 'Very, have cntircl)’ revolutionised the art of dyeing. 
The earlier coal-tar dyestuffs usually known as 
Aniline Dyes yielded mostly bright colours of 
inferior fastness to light. In ISIJS, however, followed 
the synthesis of alizaiinc, a Ruhstance identical with 
tlie colouring matter of the madder plant, and yield- 
ing extremely fast colours, including Turkey red, on 
cotton. More recent discoveries liavc furnished us 
with the Azo Dyes (which have largely displaced 
cochineal in wool dyeing) ; a series of (jolours, com- 
mencing with Congo red, which dye cotton direct in 
one operation, the sulphur dyes yielding fast colours 
on cotton ; and synthetic indigo, i»lenlical with 
Indtgotin, the colouring matter of natural indigo. 
The oidy vegetable dyestuffs still used to any con- 
siderable extent are logwood, and to a gradually 
lessening degree natural indigo. The coal-tar dye- 
stuffs now at the dyer’s command enable him to 
produce every imaginable colour with almost any 
desired degree of fastness on every varie.ty of textile 
material, jMctJtndg of Dyeing : These may be best 
explained by attempting a classification of the 
various dyes based on their application to animal 
and vegetable fibres. The methods of silk dyeing 
resemble those for wool, whilst linen and other 
vegetable fibres are dyed similarly to cotton. Dye- 


stuffs may be divided into those which require a 
mordant and those which do not. A MoBDANT is a 
substance which, when applied to the fibre in con» 
junction with a dyestuff, combines with the latter to 
produce a useful colour. The mordant is usually 
applied before the dye, as in dyeing a logwood 
black on wool. The wool is first boiled in a solution 
of bichromate of potash, and afterwards in a deocKS- 
tion of logwood. In special cases the mordant is ^ 
applied after the dye ; this constitutes the so-called 
Stuffing and Saddening method ; or the mordant 
may even bc^ applied togetlier with the dye, as when 
a cochineal scarlet is dyed by boiling wool in a 
single bath with cochineal, a solution containing tin, 
and oxalic acid. The group of Mobdant Dyestuffs 
includes: (1) All the best known natural dyes 
(with the exception of indigo, turmeric, orchil, and 
catechu), such as logwood, the red woods (camwood, 
barwood, sanderswood, brazilwood, peachwood), 
madder, cochineal, the yellow woods (weld, old 
fustic, qu(?rcitron bark, flavine, young fustic), and 
Persian berries. (2) Alizabine and allied colours, 
most of which ai*e derived from the coal-tar product 
anthracene ; examples arc alizarine, arithrapurpurm, 
llavopurpurin, alizfirine orange, alizarine blue, 
anthracene blue, alizarine cyanine, anthracene 
brown, alizarine black, gallcine, coeruleine, gallo- 
cyanine, etc. All these mordant dyestuffs have in 
themselves no colouring power, but when used in 
conjunction with a mordant they produce colours 
which vary a(;cording to the mordant emjiloyed. 
The most usual mordants arc salts containing one of 
the metals chromium, aluminium, tin, copi>er, or iron, 
if five pieces of woollen cloth are boiled respectively 
in solutions of potassium bi'^liromate, aluminium 
sulpliate, stannous chloride, copper sulphate, and 
ferrous sulphate, and then dyed with alizarine, they 
will be coloured respectively bluish red, bright red, 
oi*angc, dull violet, and deep violet. As a rule 
aluminium and tin mordants give the brightest 
colours, copper and iron the deepest, while chromium 
occupies an intermediate place. Dy far the most 
largely used mordants for wool are t he bichi'omates 
of potash and soda ; by boiling wool for an hour in 
a solution of one of these salts alone, or with small 
adilitions of acids or acid salts, it ai-quires the pro- 
perty of subsequently fixing any of the mordant 
dyes. The mordanting of silk and cotton is more 
difficult, especially the latter, which usually involves 
sevend operations; as a rule the solutions are 
applied cold or lukewarm. In one method of dyeing 
Turkey red on cotton, for example, the material is 
steeped successively in baths containing sulphated 
castor oil (“Turkey red oil”), ba^ic sulphate of 
alumina, and chalk, the first two operations being 
usually repeated several times. 'J’heu follow dyeing 
with alizarine, a further treatment with oil, steam- 
ing, and soaping. Tannin is used as a mordant for 
cotton when dyeing with the basic colours. In this 
case the cotton is steeped for several hour.s in a 
solution of tannic aci«l or in a decoction of myra- 
bolams, sumach, divi-divi, or other tannin matter, 
which is then fixed ('n the fibre by passing through 
a solution of an antimony or tin salt. The Non- 
Mobdant Dyestuffs mav be subdivided into Acid, 
Basic, and Dibect Cotton Coloub^ The Basic 
Dyes are applied to wool and silk by merely 
immersing the material in the )iot colour solution ; 
they arc now seldom used for wool. Cotton is 
mordanted with tannin, and then dyed at a tem- 
perature below the boiling point. for the 

brightest colours, they have been laxig^y replaced 
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by tb^ direct dyes. SzaxDpka af ibis J^roup are 
jzutgezxta, fiafranine, Bismandc brown, olrysoidiae, 
aaramine, malaohite green» Yiotoria blue, methylene 
blue, methyl violet. The AciB Dtss are dyed on 
wool and silk, with the addition of sulphuric or 
acetic acid to the dye bath ; for cotton dyeing they 
cannot be used. For woollen piece goods they find 
a wide application, and are preferred in all cases 
where only a moderate degree of fastness is de- 
manded and a rapid and simple method of dyeing 
is the chief consideration. Several hundred d3'es of 
this class are known, including the azo scarlets 
(grocein, wool scarlet, etc.), naphthol yellow, 
picric acid, acid magenta, acid violet, fast red, 
cloth red, naphthol black, alkali blue, soluble blue, 
etc. A subdivision of this group comprises the 
Bobive Colouks, which yield briglit pinks fast to 
washing, but very furtive to light. They are dyed 
on wool with the addition of acetic acid, and occa- 
sionally ^ on cotton in a concentrated bath containing 
common salt. The chief dyes of this class are eosine, 
erythrosine, phloxinc, rose bengale, and rhoda- 
mine. The last named is somewhat faster than the 
rest, and may also be applied to cotton on tannin 
mordant. The Acid Moiidaxt 1)ye.s for wool are 
applied by first boiling the wool in an acid bath with 
the colour, and tlicn adding the mordant to the 
same bath, and continuing to boil for si»me time 
longer. Such are the acid alizarine, anthracene 
acid, palatine chrome dyes, diamond blacks, 

etc. The UiKECT CJottijtn Colours or Sub- 
pTAimvE Dyes, also known as the Benzi- 
dine Colours, are dyed on vegetable fibres 
in a boiling bath, to which is added salt or sodium 
sulpliate, sometimes also carbonate of soda. In 
certain special cases the colours may be ren- 
dered faster to light or wjishiug by an after- 
treatment with a metallic salt, e.g. copper sulphate. 
Certain direct dyes, e,g, primuline, may be converted 
after' dyeing into other colour.s, possessing greater 
fastness than the original, by treating the dyed 
cotton with nitrous acid (“ diazotising ”), and then 
passing into a solution of certain phenols or amines, 
betanaphtliol. The direct colours also number 
many hundreds. Bensopurpurine and chrysophenine 
are typical dyes of tins class. Others l)ear names 
with the prefixes diamino-, Congo-, benzo-, direct-, 
cotton-, examine-, pyramine-, Columbia-, Titan-, etc. 
The Sulphur or Sulphide Dyes resemble the 
direct colours, but require tlie addition of sodium 
sulphide to the dye bath, and mo.^tly yield colours fast 
to light, washing, and acids. They are distinguished 
by various x>rcfixes : immedial-, Imtigen-, kryogen-, 
pyrogen-, vidal-, thionol-, cross dye-, sulphur-, etc. 
The older dyestuff, cachou de Laval, also belongs to 
t b** group. Of the non-mordant natural dyestuffs 
ObCHIL is dyed on wool with or without an acid, 
Tubhebjc dyes all fibres without addition, ami 
Catechu is dyed without addition, and the colour 
developed by a boiling solution of bichromate or 
copper sulphate. Indigo extract, prepared by dis- 
solving indigo in sulphuric acid, is an acid dye. 
Outside the groups enumeratwl remain a number 
of dyes which cannot be classified ; of these the 
chief is Indigo, ineduding both the natural prcKluct, 

S red from the indigo plant by a process of 
ntation, and synthetic indigo, derived from 
coal tar. Indigo is applied to both animal and 
vegetable fibres in so-called indigo vats, in which 
the insoluble blue oolouiixig matter is reduced to 
colourless t>ody, indigo white, and in this condition 
bxofi^t Into solution by the addition of an alkali. 


The redaction may be brought about by purely 
cmemical means or by fennentation. In the former 
case we have the bisulphite or hydrpsulphite rat 
used for both wool and cotton, containing indigo,, 
bisulphite of soda^ zinc, and lime or caustic soda, and 
for ootton the zinc lime and copperas vats. Ferment-*^ 
ation vats are in this coun^ only used for wool, the 
woad vat, winch contains indigo, wood, bmn, 
madder, and lime, being the most important. For 
wool dyeing the temperature of . the indigo vat is 
about 120° F. ; ootton is dyed cold. After making 
up the vats the sediment is allowed to settle, and 
the material is then dyed in the clear greenish- 
yellow liquor. The goods as they come from the vat 
are gieen in colour ; by the oxidising action of 
the air indigotin is regenerated, and they are dyed 
blue. The colour possesses great fastness to wash- 
ing, acids, alkalis, etc., and in medium and daik 
siiades is very fast to light. Indantbrene and 
llavanthrene, two colours of recent introductionr 
are dyed by a process resembling the bisulphite 
vat for indigo, and yield respectively blue and 
yellow colours of exceptional fastness. ANILINE 
Black is the histest l>lack known for vegetable 
fibres ; it is an insoluble black pigment produced 
by the oxidation of aniline on the fibre. This may 
be brought about by working the ootton, etc., in 
a bath coiit:iiuing aniline, a mineral acid, and an 
oxidising agent. The presence of small quantities 
of salts of certain metals, s.y. vanadium, has a very 
favourable influence on the dtvelopment of the 
black. Sometimes dyeing takes place in a cold 
solution, and the Vflack is af towards develoiDCd by 
steaming or ageing. Jf not wx*ll dyed, aniline black 
tends to rub off and to become green on exposure lo 
acid vapours. Bakanitraniline Bed ; Certain 
azo dyes may be j>rodaced on the cotton fibre by 
successively steeping in solutions of the different 
constituents of the colour. The best known dye 
of this class is paranitrariilinc red, produced by 
impregnating the cotton with betanaphtliol, <lrying, 
and developing in a solution of diazoti.sed parani- 
traiiiliue. Mink UAL Dye,^^ : Thes^ are now sel(ii*m 
u>>ed in dyeing, though still to some extent by the 
calico print(;r. They arc l*russian blue, produced 
on cotton by successive treatment with prussiate^ 
of potash and iron sales, and on wool by decom- 
[losiLion of pnissiate^ with mineral acids, — chrome 
yellow and orange (lead chromate) ; manganese 
brown (manganese hydroxide) ; and iron buff 
(feiric hydroxide). I’hc Maciiinebt employed in 
dyeing vanes from a simple pot or tub, in which 
the material is stirred wdili a pole in the mordant 
or dye Rolution, to nmchincs of greater or less com- 
plexity, in some of which, t^.g. the Obebmaieb 
Machine, for loose wool, the material remains fixed 
in one position throughout the various operations, 
and the liquids are circulated through it. The 
clioice of vessel depends on the nature of the 
material and at what stage of manufacture it is 
to be dyed. Wool may be dyed as loose wool, yarn, 
or pieces, also as slubbing, an intonnediatc form 
between loose wool and yarn ; cotton as loose cotton, 
cops, yarn (warp or hank), or pieces; silk chiefly 
as yarn, occasionally in the piece. In selecting 
the dyes to be applied, not only the nature of the 
material must be considered, but also the purpose 
for which the finished goods are intended; and, taking 
this into account, dyes will be chosen acoonling to « 
their fastness to light, washing, and the finishing 
operations which the goods may undergo, 
milling, steaming, hot pressing, etc. For loose 
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wool yery fast dyas axe usually selected, since 
during the operations of manufacture into cloth 
colour will be subjected to the destructive influences 
of light, scouring, and so on. An indispensable 
condition for satisfactory dyeing is that the material 
shall be previously thoroughly cleansed from natural 
or added grease and other' impurities. The dyeing 
of UnioU Fabrics, i.e. those containing fibres of 
diflerent kinds, such as wool and cotton, wool and 
silk, etc,, offers considerable difficulty ; but by 
suitably combining the methods applicable to the 
siinpls fibres, it is possible to produce on a fabric 
containing the textile fibres in any combination 
. either plain colours or effects dependent on ear-.h 
fibre being dyed a different colour. Tlie correct 
oombination oS. processes to atdiieve these results 
calls forth all the resources of the dyer’s art. B.B. 

(OhilJEnff.) A barrier of masonry, earth, 
timber, etc., used to keep back floods, high titles, etc. 

( Geol,) A term which originally meant a 

dividing line between two contiguous parts of a 
territory ; hence applied to faults which disloc-ate 
parts of a coalfield, the Ninety Fathom Dyke in 
Ntjrthumberland. In geological descriptions the 
term is restricted to the more or hiss vertical 
sheets of intrusive rock which have consolidated 
from a fluid state, aud now form waJl-like masses in 
th(i country rock. Such dykes are generally rcplacive 
in their inode of o(*.curron'ie ; they may consist of 
eruptive rocks of any composition. 

Dynamical Equivalent of It is found by 

experiment that one caloric, if entirely converted 
into work, would yield very nearly 42,000,(KK) ergs. 
Expressing the same result in engineers* units, we 
find Uiai the beat ne<5essary to raise 1 lb. of water 
through 1® F., if entirely converted into heat, is 
equivalent to 77b foot pounds. 

Dynamic Metamorphism Tlte mechanical 

{or lucchanieo-ohemical) effect }iroduce(l upon rock 
masses of any kind by movements of the Earths 
onist acting under consi durable vertical pressure. 
Usually the movements which give rise to this effect 
have taken jdace witliin the core of great masses 
whose upper surfaces have been bulge.d into uplands 
^out of which mountains luive afterwards hocu carved. 
Dynamic metamorphisin usually takes tlie form of 
shearing, due to the differential movement of one 
part of the rock affected witli regard to another 
art. All true Schists (jj.v.) are rocks which have 
een affected by tliese shearing movements. 

Dynamics* The theory of forces which are not in 
■equilibrium, as di.stinguished from Statics {q.r,) 

Dynamite* A mixture of an infusorial earth 
called Kieselguhr (v-t’O with nitroglyciTine, The 
mixture is made by hand, and it contains about 
75 per cent, nitroglycerine. The Kic!.selguhr is 
nearly pure silica (98 per cent. SiG.^. Varieties of 
dynamite are known as Colonia, IJerculks, and 
Vulcan, all of which contain mealed gunpowder 
in addition to nitroglycerine. Giant Powder corsf 
tains sodium nitrate, resin, and sulphur, as well as 
nitroglycerine and Kieselguhr. 

Dynamo* A dynamo is a machine for converting 
mectianical into elet^trieal energy. The types of 
machine by which this couvetsion has been aceom* 
plished are very diverse : but of recent years the 
■evolution has been toward a few distinct types, the 
differences between which are chiefly dependent 
upon the various forms in which the electrical energy 


k requiredi These forms may for 
poses bd^classified as follows; L Ooifiiiiuioia 
current; Single phase alternating ourrent; III, 
Polyphase alternating current. 1. Tbb OONTZKopuS 



Pio. 1. — CosTiNUouK CunitENT Dysyamo (6 Pole). Blevatioit. 
Fiayx View. 


Current Dynamo; A type of continuous current 
dynamo is shown in fig. 1. A stationaiy ring A of 
cast iron or steel carries a number of salient poles of 
'Wrought iron or steel B, each of which is provided 
with a field coil 0 of insulated coxjper wire. Each 
of the salient poles d terminates in a pole shoe' D, 
and within the cylindrical space limited by the inter- 
nal faces of the pole shoes an armature B and com- 
mutator V are revolved by means of mechanical 
energy ax)plied to the shaft G, on which £ and p ore 
mounted. The armature E consists of a suitable 



Fig. 1.— bficiioN tubough Poi.b, Armatube, aku Commutatob, 
Second View. 


spider carrying a core H of laminated iron or steel, 
which completes the magnetic ch’ciiit for the mag- 
netic flux flowing tlirough A and B in virtue of the 
magnetomotive force imparted to tbti field coils 0 by a 
continuous current sent through them, either from 
an inrlependcnt external source, in which Case the 
dynamo is said to be “ separately excited,” or from 
the dynamo itself, in whiph case it is ** self excilied.” 
The external periphery of the lamlnatibne of which the 
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annatnire core is constmcted, is provided with slots 
at X, carrying the armature winding, of which the end 
connections are seen at j. From suitable points in 
the armature winding, connections arc carried to the 
commutator segments K. These commutator seg- 
ments, of which a commutator generally contains a 
very large number, are flat plates of copper, generally 
of some such shape as tliat shown in the flgure. 
These alternate with sheets of mica, which insulate 
them one from another, and they are further insulated 
from the commutator spider by suitably shaped 
cones and cylinders of mica or micaiiite. Brushes of 
carbon or copper, carried in suitable brush holders L, 
are arranged to bear upon the cylindrical surface 
of the commutator, and from the brush holders 
suitable circuit connections are made for transmitting 
the current from the dynamo to the point or points 
where it is required for ligliting, power, or other 
purposes. In virtue of the revolution of the armature 
in the magnetic field, electromotive forces are induced 
in the armature conductors, and the amount of 
current delivered from the machine is proportional 
to the value of the resultant of these electromotive 
forces to the terminal electromotive force) and 
to the resistance of the external circuit. The most 
convenient formula for determining the voltage of 
continuous current dynamos is V = 4*00 T N M 10-*, 
in which V — the voltage generated in the armature; 
T =* the number of turns in series between the 
brushes ; N — the number of magnetic cycles per 
second ; M = the magnetic flux (number of C G S 
lines) included or excluded by each of the T turns in 
a magnetic cycle. V, the voltage, is approxiinatcdy 
constant daring any period considered, and is the 
integral of all the voltages successively set up in the 
different armature coils according to their position 
in the magnetic field. It will be found that the 
relative magnitudes of T, N, and M may (for a ^ven 
voltage) vary within wide limits, their individual 
magnitudes being controlled by considerations of 
heating, electromagnetic reactions, and specific cost 
and w’cight. The production of the flux M is effected 
in several ways, the chief of which arc as follows : — 

(1) Perma/nsnt Field Magiiete: The field mtigncts 
are built up of plates or layers of hard steel, pci- 
manently magnetised in the same way as an ordinary 
herseshoe magnet. This type is usually termed a 
Magnetoelectrio Machine, and ha.s only been 
used for medical purx»oses or as a mere toy until very 
recently ; but it is found to be very convenient for the 
production of an electric spark for the ignition of 
the charge in gas and petrol engines, and is now 
becoming increasingly com- 
mon. In by far the larger 
number of dynamos the 
field is produced by electro- 
magnets, as in the type 
described above, and these 
differ among themselves 
in the manner in which 
the current is obtained. 

(2) Separately Excited Jhj- 
naiaoe : Tlie coils of tiie 
field magnets are supplied 
with current from an in- 
dependent source. In large 
electric lighting stations a 
subsidiary dynamo is often 
used solely for this purpose, 
and is termed the Kxgiteb 
or Exciting Dynamo, 

(8) Scriee Machines (fig. 2) : 



Fiu. 2.— Series Wouno 
Dynamo. 



Fro. 3.— Shusi Woukd 
Dykamo. 


In this form the whole ourrent produced by the 
machine passes round the coils of the field magnets^ 
which consist of relatively 
few turns of wire of large 
cross section. The coils 
of the field magnets thus 
form part of tlie main 
circuit. (4) Shunt or 
Shunt Wou7id Machines 
(fig. 8) ; In these the coils 
of the field magnets con- 
sist of a large number of 
turns of somewhat fine 
wire, connected to tin; 
terminals of the machine 
in such a way tliat a 
portion of the main cur- 
rent passes round them, 
i.i\ tlie coils form a Shunt 
to the main circuit. This 
is the most usual method 
of excitation in machines 
intended for ordinary electric lighting. The method of 
making the connections for series and shunt machines 
is shown diagram matioally in figs. 2 and 8. In fig. 2 
Ihe whole current must 
pass through tiic field 
coil, which is in Series 
with llic main circuit, 
wrhile in fig. 8 the field 
coil forms a Shunt or 
alternative path ft>r the 
current. (5) Co^npound 
Winding (fig. 4) : Jn this 
case there arc both series 
and shunt coils. The 
main (mrrent flows 
through the series coil, 
but a portion is shunted 
off through the shunt 
coil ; a decrease in the 
resistance of the main 
circuit will then increase 
the amount of current 
flowing through the 
senes winding, and therefore increase the magoet- 
isation of the field magnets. By suitably adjusting 
the .series winding,the 
E. M. F of the dynamo 
Ciin be kept very con- 
stant, even though t 

the resistance of the 
main circuit vary con- 
siderably. (0) Multi* 
polar Dyimmos : In 
the earlier days a large per centage of continuous 
current dynamos were constructed with but two poles. 
With increasing cai)a- 
citics it soon Ix^^came 
evident that a bl- 
jjolar design was 
unsuitable, and larger 
numbers of poles were 
employed. As most 
dynamos are at present 
of the raultijMilar type, 
the terra is now rarely 
employed. (7) Nat?trc 
of the Magnetic Field 
of a Ihjnamo : If the field magnets are excited, but 
no current is flowing in the armature, the lines of 
force run as shown in fig. 6, while if the cuxrent in 
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the anoature were alone flowing, the lines would 
take the form shown in fig, 6 . When the machine is 
in action, the actual nature of the magnetic field is 
due to the combined effect of the field magnets and 
the Cboss Magnetisation due to the armature (or 
Abmatube Reaction). This is shown in fig. 7. A con- 
ductor at A or B is for the moment moving parallel to 
the lines of force, and not cutting them ; hence there 
is no E.M.F in it at this 
instant. While a con- 
ductor is approaching 
A (in the direction of 
the arrow), the cur- 
rent in it is flowing 
towanls the observer, 
and as the conductor 
recedes from A, the 
direction of tlie current is changed, and it flows 
away from the observer. The reverse of this occurs 
at B. The line AB is called the Diameter of 
Commutation, and the points on the commutator 
which are in connection with the conductors at A and 
B are termed tHe Neutral Toints. The brushes 
touch the commutator at these points, and are carried 
on movable supports, so that the point of contact can 
be atljusted to follow any variation in the position of 
the neutral points. In modern dynamos the brushes 
are by these means set once for all at that position, 
giving the best results for all loads. Tho correct 
position is chiefly dependent upon the magnitude of 
the reactance voltage, a term of such importance as 
to justify a brief discussion of its meaning as related 
to occurrences in the coils sliort ciicnitcd during 
oomraiitation, and to the occurrences at the brushes. 
A single armature turn, connected to two adjacent 
segujcnts, is shown in fig. 8. 

Trior to coming into the position 
of short circuit under the brusVi, 
it has been carrviiig a cxiiTcnt of, 
say, 100 amp^jrcs in one direction. 

Immediately after emerging from 
rtie position of short circuit, it 
will be carrying a current of 100 
ampferes in the other direction. 

The change must take place 
sparklcssly. With this end in view, the brushes 
may be set at such a point on the commutator 
that during the lime when the coil is short cir- 
cuited it will be traversing a magnetic flux of such 
direction as to tend to reverse the current in 
the coil. But this tendency must be sufficiently 
strong to overcome the reactance voltage set up in 
the coil itself by tlie decreasing current. 'Phis 
reactance voltage is greater the greater the current 
in the coil when it arrives at the position of short 
circuit under the brush ; i.e. it is greater the greater 
the load. Hence a stronger reversing field is required 
the greater the loa<l. At no load a very slight for- 
ward load to tlie brushes will bring the short 
circuited coil into a strong reversing field. But at 
no load no reversing field is required, since there is 
no current and hence no reactance voltage to be 
overcome; and if the brushes are given more than a 
very small forward lead, sparking will ensue in 
consequence of the current induced in the coil while 
short circuited, for this current must be broken when 
the coil leaves the brush, i.e. when it emerges from 
the position of short circuit. At a high load, when a 
strong reversing field is required to overcome the 
large reactance voltage, the field has been so 
di^rted by armature interference that a very large 
lead of the brushes may be neoessary in order to 




Fig. 7. 


bring the short circuited coil into a sufficiently stremg 
reversing field. Hence aU that can be accomplished 
by this so caRed ** electromagnetic commutation ** is to 
choose a brush position as far forward as posable 
without incurring sparking at no load, and to late 
the machine at that load .which does not cause 
sparking in this position, for it is now many years 
since the practice of permitting different brush 
positions for different loads has been abandoned. 
The Resistance of the brush also assists in check- 
ing the current originally flowing in the coil. Owing 
to the unsatisfactory nature of the ** electromagnetio 
commutation,** where, as we have seen, the means 
upon which we rely become weakened in proportion 
as they should be strengthened, it is sometimes pre- 
ferable to set the brushes in the geometrical neutral 
point, and, abandoning all trust on electromagnetio 
commutation,” merely design the winding with so low 
a reactance voltage at full load as to preclude the 
possibility of sparking. (8) Characteristic Cwrces: 
These are curves showing the relation between the 



current and the potential difference at the terminals 
(external characteristic), or tho current and the 
fi.M.F. generated in the armature (total character- 
istic) of a dynamo. They are very instructive and 
important, and they give a great deal of information 
about the internal working of the machine. Fig, 9 
shows the form of this curve for a Series Wound 



Fig. 10. 

Dynamo, the current being plotted along the line 
OA and the B.M.F. along the line ov. Fig. 10 shows 
the corresponding curve for a shunt wound machine. 
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The tena ** Charaoterlstic Curves*’ is noivadays 
used in S. much wider sense to apply to any curve 
charaoteristio of any other feature of the perform- 
ance of a dynamo. II. The Single Phase Alteb- 
NATING CUBBBNT DxNAMO, or Altbbnator : If a 
simple closed circuit be rotated with uniform velocity 
in a u Diform magnetic field, there will be pro- 
duced in it a varying current whose value at any 
given instant may be represented by a Sine Curve 
(fig. 11). Supposing the coil to be originally at right 
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angles to the lines of force, and to make a complete 
revolution in T seconds, the changes in the current 
can be seen from the figure. It commences at 0, 
rises to a maximum after J T seconds, falls to 0 in 
^ T seconds, and is then reversed, becoming 0 after 
T seconds or one complete revolution. In the 
modem practice t is a small fraction of a second, 
commonly not over so that each comx>letc change 
only occupies of a second, and there are 50 com- 
plete changes or Cycles per second. The simplest 
form of alternator would be a flat coil o (fig. 12) 
revolving be- 
tween the poles 
of a field mag- 

net, which is j 

separately ex- J y^^ 

cited. The 1 ^ (f y 

ends of the coil 
are attached to 

two metal rings /TVMli i y^^ 

termed Slip ffr i 1 ^ {y^^ 

Bings, rr, "I Inj/ 

fiated on the 

shaft, but in- 12. 

sulated from it, 

and brushes bb collect the current from these rings. 
The modern commercial machine is, however, of the 
internal revolving field type, the armature windings 
being carried on an external stationary ring. Ill, 
The Polyphase Alternating Current Dynamo 
is now far more widely employed than the single 
phase alternator. In general construction the two 
types are identical, except that the external stationary 
armature carries a number of windings arranged with 
a given phase displacement from one another. They 
are generally wound for cither two or three phases. 
The continuous current excitation is carried to the 
field coils on the revolving field by means of brushes 
beariiig on two slip rings. A matjhine wound for 
generating polyphase currents has a much higher 
capacity than when wound single phase, and is there- 
fore more economical as regards first cost. Polyphase 

as well as single phase 

alternators may be, and r 

formerly sometimes 
were, constructed of the ; ^ n C ® // 

inductor type, in which ^ ^ i7 ^ 

both the field magnets 

Msd the armature coils 
are fixed. This is 

shown diagrammatically in fig. 18. Here a large ring 
'Of soft iron r has a number of projecting poles, of 


which those marked a are wound with the arma- 
ture coilSf while N and s are pbles of the field nmgnet, 
being alternately positive and negative.' mm are 
masses of, soft iron rotated by a central shaft. In the 
position shown lines of force run from the positive 
pole N to the first armature pole A. As the mass of 
iron moves to the right the number of lines entering 
A from N diminishe.s, until M is immediately under A, 
when the effect due to K is exactly neutralised 
by the effect of the negative pole s ; as the mass 
M still moves on, the lines run from A to S* they 
are reversed. Tlius if A be wound with a coil, an 
alternating current will be produced in this coil. 
Panchronous Alternating Current Di*namos: 
All the alternating cnirrcnt dynamos described above 
must run at synchronous speed. During the last two 
years there has been independently developed by 
Latour and Heyland the i^anchronons type of alter- 
nating current generator, in which the revolving field 
carries a commutator on which are arranged (for three- 
phase working) three oquispaeed pets of brushes 
per pair of poles, three brushes being in conducting 
connection with the three-phasep* supply either 
directly or through transformer.s. 8uch panchronous 
dynamas are self exciting, and while the revolving 
field is preferably dri\ en in the near neighbourhood 
of synchronism, as this is the condition correspond, 
ing to the best commutation, there is no occaslou 
for the preservation of absolute synchronism, and 
this feature, together with the feature of self excita- 
tion, bids fair to lead 1o tlui extended introduction of 
this class of alternating current dynamo. 

Dynamometer, Electrical. An instrument in 
which the mutual action of two adjacent circuits in 
which currents are flowing is utilised in order to 
measure the strength of the currents, or, more exiictly, 
tbeir product, since the mechanic.al ftjrce exerted by 
one circuit on the otlier is, generally, 7)rop(irtional to 
the product the currents. The piincijde of the 
instrument can bo illustrated by replacing one pan 
of a cominori balance by a flat coil, round which a 
current can be sent ; a second Hat coil is fixed to the 
bastdK>ard of the balance, parallel to and im- 
mediately below the fir.st (‘oil. If currents Cj and 
C, are caused to flow n.und the two coils, then there 
will be a forexs exertetl between the two coils pro- 
p/)rtional to the jm>duct If the direction of 

the currents be such that this force is one of attrac- 
tion, it can be balanced by the addition of weights 
to the other pan of the balance until equilibrium is 
restored, and the* total mass added is proportional to 
CiCj. If the same current circulate round both 
Cf)ils, thou tlic mass added to restore equilibrium is 
proportional to the square of this current. By an 
<‘xpieriment with a known current the value of the 
constant requir€‘d to find the value of any current 
can be found. In Siemens’ Dynamometer one 
coil is fixed to the base or stand of the instrument, 
and the other is suspended, by means of a heUcal 
spring or a bifilar suspension, from a torsion head 
(fitted with a xiointer moving over a graduated disc), 
with the plane of its windings at right angles to 
that of the first coil. Wlien ilie current passes, the 
movable coil tends to turn, and is brought back to 
its original position by means of the graduated head. 
The amount whicli the head is turned is proportional 
to the couple required to bring the cull back to its 
original or zero position, and therefora to the 
producjt of the currents flowing in the two coils. 
When the instrument is used to measure a current, 
the two coils of the instrument are connected in 
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, series, so tbat the sa^e ctmeht flows through both; 
the instrument then serves as. an ammeter. When 
used as a Wai:thbtbib, or instrument for measuring 
electrical power one of the circuits usually 

consists of n large nximber of turns of thin wire, 
having a high reristance. This circuit is connected 
as a i£unt across the terminals of the apparatus or 
machine in which the power is to be measured. It 
therefore receives a current proportional to the 
potential difference (volts) between the terminals of 
the machine. The other circuit is of low resistance, 
and is connected in series to the main circuit of the 
apparatus, so that the whole current supplying the 
latter passes through it. The force exerted by one 
coil of the dynamometer on the other is proportional 
to the product of the current flowing tlirough the 
given piece of apparatus and the potential difference 
at its terminals (amperes x volts), i.e. to the 
electrical power supplied to the apparatus. The 
dynamometer possesses the great advantage that it 
can bo used for measurements of alternating 
currents; for if the two coils be so connected that 
the currents in tCem are both reversed, the resultant 
mechanical force between them is unchanged in 
direction. In measuring alternating current power, 
however, it is important to ensure that the self- 
induction of the “ pressure ” coil, i.e. the one in 
which the curr(«nt is required to be f)roportional to 
the voltage, is kept as small as possible, or, more 
correctly, that its Time (Constant (^.^».) is practi- 
cally zero. If this is not the case, a lag is 

[)rodaccMl, which introduces a sQurce of error in the 
measurement. 

Dynamo Electric MachineB. The older name for 
the Dynamo (//.«.) 

Dynamometer, Mechanical. A mechanical 
dynamometer is an instrument for measuring the 
mechanical power wViicb is being transmitted to 
or from a machine in nioticm. (1) Absouption 
DynamomktkKvS : These absorb entirely the power 
they receive, usually con verting it into heat, wluch 
is dissipated into the utmospljorc. They are com- 
monly known as Drake Dykamometees, as they 
depend upon the apj^licfitioii of a kind of brake to 
a rotating wheel, suc-li as the flywheel of an engine, 
whose actual output of power (termed tlie Brake 
House Power) lias to be measured. In fig. 1, a is 
a rotating flywheel, over wldch 
pksses a belt or band carrying , ■ 

at one end a large weight w, /' \ 

jind at tbe other end a .small / ^ ' 

weight 7r, or else a spring 
balance attached to the floor. \ A / 

When the wheel rotates in the y 

direction of the arrow, it will ^ 

be found that a considerable I i 

weight w can bo supported in j \ \ 

the air with the application of f • i 

very little force at w. 1’he ' 

wheel is then doing work at the same rate as if it 
wcie raising a weight w — w by means of a rope 
•coiled round its circumference. If F = w — w, and 
A m the number of revolutions per minute, r the 
rarlias of the wheel in feet, then the work done per 

minute is F.2irr« foot-pounds, and is 

Brake Hor^ Power which the flywheel A is 
capable of giving out. The belt is often replaced 
by a thin steel l^nd, the inside of which is faced 
with wooden blocks which bear on the surface of 
the whUel. A modification of this form of dynamo- 


meter is termed the FEOKV BRAKE* (2) TKaKB^ 
MlsaiOE DYKAMbMSTEBB : The power 
by a rotating shaft is equal to the tumii^ moment 
or torque multiplied by the angular velocity 
As tbe angular velocity is easily zneasiired bi^ a 
Speed Indicator (g-v,), we can find the power if We 
have any method by which we can measure the torque. 
An instrument for doing this is known as a I'BAKR- 
MissiON Dynamometer. The principle upon which 
one form of this instrument depends is indicated 
diagrammatically by fig. 2. The power is being trane^ 
mitted by a shaft A to a parallel 
shaft B in line with it. To each 
of these shafts is fixed a radial arm ^\\ 

c and I) (or discs equivalent to / 7\ 

these arms), and these arc con- I ^ ^ I I 

nected by a spring E, through ' —A/ 

which the actual force is trans- Fia. 2. 
mitted. When one shaft is transmitting a torque 
or a couple to the other shaft, there will be an 
extension of the spring £ ; and if this is measured, 
we can determine the actual torque. Another 
method of measuring the torque is sometixnes 
applied to electrical motors or small dynamos. 
It consists in suspending the whole machine 
bodily in a “cradle” or support carried on khife 
edges, which are in a line with the axis of the 
shaft. If U torque be applied to the shaft of the 
motor while it is running, the whole machine will 
tend to swing out of the perpendicular, and the 
moment of the couple required to bring it back to 
a vertical position can easily bo found. This moment 
or torque is thus equal to the torque applied to the 
shaft, and therefore the power transmitted to the 
dynamo is easily calculated. Transmission dynamos 
are also constructed for measuring tension in a belt. 
If we can the difference in tension between the 
tight or driving side and the loose side of a belt, 
and multiply tliis by the velocity of the belt in feet 
per minute, we shall obtain the power which the 
belt is transmitting. The velocity of the belt is 
easily deter- 
mined fj’om the ^ ^ 

speed of the y 

pulleys, and the ( 1 " ( a ) 

dynamometer \ y ^ — p-— " v ^ y 

has then merely ^ 1^1 . 

to measure the 

tension. Two y‘ig, s. 

typical w'avs of 

doing this*ai-e as follows -The IIbpNER-ALTBNBCK 
Dyn AM OMBTEB (fig. IV) A and B are two pulleys, 
one of which is transmitting p 

power to the other, A frame E '' n 

carries two small pulleys c and D, : 

w'hich can be moved nearer to- j 

gethcr or farther apart. The 

fmme is placed in such a position > 

that the parts of the belt on both ^ ^ 

sides of the frame make equal 

angles with a line through the ^ 

centres of A and B. The force 

required to keep the frame in 

this position, is then found. Let / \ . 

T, and Tj, be the tensions of the ' ' 

tight iind" loose sides of the belt ; ( A- 

then p^^ine (T, - T^) ; or, if ^ \ / 

is small. j» * ^ (T, - T^). Hence, \^* • V , 

by measuring p and 6^ (T, — T^) 

can be found. Another form, 

due to Thobnbtcboft and Froude, Is shown in 

fig. 4. A pulley A is transmitting power to a pnuey 


A and B are two pulleys, 
nitting p 
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B. The belt is caused to pass over two small pullers 
whbse shafts are fixed at c and D to a frame bf. 
Then if Tj indicate th^e tension on the tight side of 
the belt, and T. the tension on the loose side^ the 
frame B will obviously be pulled over towards the 
right side, unless a force y be applied to keep it 

KXl 

upright. It can easily be shown that P » 

(T, — T^, and from this the difference in tension in 
the tight and loose sides is found at once; and it 
only remains to determine the speed of the belt to 
obtain the power which is being transmitted from 
A to B. 

Dyne* The unit of force in the Centimetre Gram- 
Second System (C.G.S. System). It is the force 
necessary to give a mass of 1 gram an acceleration 
of 1 cm. per second per second. It is thus a little 
more than the force exerted by the earth on a mass 
of one milligram. 


E. The third note of the scale of C, 

{PliyaC) The symbol for the Coefficient of 

Simple Klasticitt or Youno’s Modulus (^.r.) 
Also used (less frequently) fur certain other co- 
efficients of elasticity, for electromotive force, etc. 

Eagle {Iler. ) The eagle is generally borne “ dis- 
ifiayed ” \c.g. Prussia) or “ with wings displayed ” 
(Ay. United States), and with beak and claws of a 
tincture different from the body. When more than 
one appears upon a shield they arc called eaglets. 

Ear A projecting part through which 

pass bolts or other fastenings ; more commonly 
termed a Lug. 

{Plumh.) The projection on a pipe by 

which it is fixed to the wall; used for rain water 
pipes, waste and soil pipe.s, etc. 

Early English (^Architect,) One of the periods 
into which Knglish Gothic architecture is divided. 
The Early English period extended from about 
1189 — l.W A.D. Tlie following are some of the 
characteristics of Early English work : (1) Deeply 
undercut mouldings. (2) Extensive use of the tooth 
ornament. (3) iianc^et shaped windows and plate 
tracery. (4) Foliage of a conventional character, 
usually having stiff stems, and known as stiff leaf 
foliage. (5) Detached shafts used in the pillars. 
See Decorated and Curvilinear. 

Earring. A ring, often of precious metal, adorned 
with gems, worn suspended from a hole bored in the 
lobe of the ear. The practice of wearing earrings 
has been common to almost all nations, and amongst 
many Oriental people they were formerly worn by 
both sexes. During the reigns of Elizalx)th and 
James J. it was the fashion for men to wear earrings 
in this country, and the custom .still prevails to a 
limited extent amongst .sailors in our own day. 

Barth {Eleet^ From the electrician's point of 
view the earth is a conductor whose potential is 
always zero. Any two points in an electrical system 
which are connected to the earth are therefore 
regarded as being connected together; hence the 
earth is utilissed in many cases as part of an elec- 
trical circuit. Ay. in telegraphy, when the eartli 
commonly forms a return wire, and to a certain 
coctent in electric traction, when the return circuit 
is formed conjointly by the rails and the earth. 

Earth doietB. See Closets, Earth. 


Earthy Denaity of. The average density of the 
earth is found to be 5*5268 times that of water.. 
As this is far higher than the average density of the 
portion of the earth's crust known to ns, it follows 
that the central portions must have a very much 
higher density than the outer layers. It has bAn 
suggested accordingly that the central part of the 
earth consists of a mass of the heavy metals. 

Earthenware {Pot,) The term applies broadly 
to all pottery which remains, after burning, of an 
earthy character. It is applied especially to white 
or cream coloured wares used for inexpensive services. 
The chief characteristics of earthenware are *. soft- 
ness of glaze ; opacity of body, even when made very 
thin : porosity and absorbency. It is easily chipped 
and not very durable. See article Pottery and- 
POKCKLAIN. * 

Earth, Form of {Astron.) The earth is an oblate 
spheroid, i.r. a solid produced by the revolution of an 
ellipse about its shorter or minor axis. The polar 
semi-diameter (distance of pole from centre) is 3,950- 
miles, and the (;qu:itorial semidiam^teris 3,963 miles. 

Earth Inductor {Elect.) A fiat coll which can 
be turned or spun round about an axis in its own 
plane. Wlien it is so turned, an electromotive force 
is induced in the coil by the cutting of the lines of 
force due to the eartlj as the coil turns. If the 
ends of the coil be connected to a ballistic galvano- 
meter, then the throw of the needle is proportional 
to the number of linos cut by the coil. By observing 
the throw when the coil is spun through half a 
revolution, first about a vertical axis, and then abont 
a horizontal axis, a comparison can be made between 
the horizontal and vertical components of the earth’s 
field. 

Earthquake. The violent shock produced at the 
surface of the earth as a result of the sudden con- 
version of subterranean water into high-pressure 
steam. I’he detonations give rise to a series of wave- 
like tremors, which progress outwards in all 
directions from the locality within the earth's cnj.st 
I where the explosions have taken place. A point at the 
surface directly over this is called the Epicentrum, 
and it is there that the cffccc first reaches the surface. 
From that point outward the shocks reach the 
surface later, and w’ith diiiiinishing effect proportion- 
ate to their di.stance from the cpicentrura. 

Earth's Field {Elect.) The magnetic field (g'.r.) 
due to the earth, which beliaves as a large magnet. 
The total intensity is *438 (dynes per unit pole) ; the 
horizontal intensity, -184; the inclination or dip, 
67® 9', in London. The variations of these “ magnetic 
elements” at different places are shown by maps. 
See IsoGONAL and Isoclinal Lines, etc. 

Earthshine {Asteon.) Near the time of new 
moon the whole disc is easily visible, the portion on 
which the sun does not shine having a reddish hue. 
This liglit is rarth^hine, the earth as seen from the 
moon being then fully illuminated by the sun. 

Earth Wax {(Jhem.) Ozokerite (q.v.) 

Earthwork {Cml Eng.) A general term for 
cuttings, embankments, etc. In military engineer- 
ing applied to fortifications constructed by excavation 
and by the use of the materials so obtained. 

Earthy Cobalt {Min.) A variety of Wad {g.v.) 
containing a variable quantity of oxide of cobalt. It 
is a black pulverulent mineral, Cornwall, Leadhills,. 
Baxony, Bohemia, and Missouri and other places in 
the United States. 
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Eaiel* A frame for sapporting a picture* while 
being painted ; also used for supporting blackboards^ 
etc. A light j^rtable kind of easel used by artists is 
known as a Sketching Basel. 

^asel Pictivpey Easel Piece (Painty A picture 
of comparatively small size, is. small enough to rest 
upon an easel whilst being painted. Such pictures 
are generally highly finished, and admit of close 
inspection. 

Saeing Motion (Cotton Mmvfao.) A means of 
easing the weight on the counter fuller of mule, and 
therefore on the threads. 

(Teaatile Manvfac.) Motions adopted inleno 

and gauze weaving for slackening or releasing the 
warp during the formation of what are termed 

cross sheds,” 

Eau de Cologne. A perfume distilled from a 
mixture of the oils of bergamot, neroli, cinnamon, 
cloves, lemon, and rose, tincture of musk, alcohol 
and water, llosemary and cardamoms are also used 
sometimes. • 

Eau de Javelle. An old name for a bleaching 
solution containing potassium ll,’^ pochlorite, obtained 
by passing chlorine into a solution of caustic potash. 

Eau de Luce. A remedy for snake and Insect 
bites made from a mixture of mastic spirit, oil of 
lavender and ammonia ; or from oil of amber, alcohol, 
and ammonia. 

Eau Forte. The French term for an etching. 
Literally, the term applies to nilric acid, with which 
etchings are generally ♦* bitten.” 

Eaves (Hvild.) The lower edge of a sloping roof. 

Eaves Course (Build,) See Doubling Cobkse. 

Eaves Gutter {Build.) The gutter along the 
eaves or lower maigin of a roof. 

Ebonite. An artificial substance composed of 
in<iianibb<‘r which has been treated with sulphur 
to a greater extent than ordinaiy Vulcanised 
Rubber ^.r.) It is sometimes used for manufac- 
turing set squares, etc., but to a very large extent 
in electrical apparatus, as it is a very excellent 
Insulator (^.r,), and can be easily worked with 
ordinary tools. See aUo Rubber. 

Ebony. See Woods. 

Ebullition (Phys.) See Boiling. 

Ecballium The “squirting cucumber” 

(JSohaUium elaterium ; order, Ctfevrbitacefe) yields a 
purgative drug (olaterium), derived from the sedi- 
ment of the juice of the fruit. 

Eocentrio (Phig.) (l) Anything which is fixed 
“out of centre” 

— i,e, which 
does not rotate 
about its centre 
or axis of sym- 
metry. (2) In 
particular, the 
disc keyed on 
a crank shaft 
“ out of centre ” 
which com- 
inanicates a 
reciprocating 
motion to the slide valve, really forming a subsidiary 
crank. In the figure, a is the Crank Shaft, b the 
SocENTEio Shkatb, c the Eccentric Hoop or 


Strap, b the Luos, d the Eccentric Rod. The 
tance between the centres of the shaft A aud the 
sheave B is called the EccBNTBiciTy or THROW of 
the eccentric, and equals half the distance tbe^ end 
of the rod D moves, that is, the Travel of the valve.. 

Eeoentpio Sheave (Bny.) See Eccentric. 

Eocentrio Strap (Bng.) See Eccentric. 

Eccentric Throw Out (Bng,) A device for throw- 
ing the Back Gear (q.v.) of a lathe out of action. 
The back shaft of the gear is carried in collars bored 
out eccentrically, so that on rotating the collars by 
means of a suitable handle, the shaft is moved back 
parallel to itself until the gear wheels which it 
carries are no longer in contact with those on the 
mandrel. 

Ecgonine(6%(?m.) 

White solid crys- 
tallising in prisms ; 
melts at 198°, with 
decomposition. 

Easily soluble in 
water ; less soluble 
in alcohol; in- 
soluble in ether. 

It is laevorotatory. 

It is an ci(‘id and 
also an alcohol. 

For its preparation 
and some of its 
important reactions see Cocaine. Besides these may 
be mentioned the following: Distilled with zinc 
du.st it yields methylamine (CIlaNHa) and a-ethyl 
pyridine, 

CH 

HC CH 


HC C . C^H^. 

NH 

Oxidised with alkaline permanganate the methyl 
group (CIIj) is replaced by hydrogen yielding 
nor-l-ecgonine. 

Echinus (A rob i feet. ) An ovolo m oulding enriched 
with the egg and dart ornament. The ovolo of the 
Doric cajntal is also known as the echinus. See 
Ovolo and Egg and Dart. 

Echo (Sound). A sound which is reflected back 
to the car of the ohserver by some large solid objeot. 

Eclipse, Lunar (Astron.) When the sun, earth, 
and moon arc in a straight line, or nearly so, the 
earth acts as a screen, wholly or partially cutting off 
light from the moon, which is said to be eclipsed. 
A lunar eclipse can be seen from one half the earthV 
surface. 

Eclipses, Number of (Astron.) In one year seven 
eclipses can occur, either five solar and two lunar,, 
or else four solar and three lunar. The least possible 
number is two, and these will be solar eclipses. 
Any series of eclipses recurs after a period of 
eighteen years eleven days. This interval was 
known to the Chaldeans, who termed it the Saros. 

Eclipse, Solar (Astron.) Tlie moon cuts off the 
sun’s light from the earth by wholly or partially 
obscuring the sun’s disc when in a line*(or nearly so) 
between the earth and the sun. The sun is then 
said to be in a state of total or partial eclipse. If the* 
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4ar^ i^adpw oocapiea the oentre of the film’s disc, 
lenving a bright ring all ronnd, the effect ie called an 
imnnlar eclipse. 

Eoliptio (Aiftron*) The great circle on the 
celestial sphere along which the sun’s apparent 
path always lies. 

EeoBOmiflevs Various types of apparatus 

for heating the boiler feed water before it enters the' 
boiler, by utilising the waste heat in the fliie gases. 
-Oenericidly, any plant which, by economising heat, 
increases the weight of water evaporated per pound 
of fuel. See also Boilebs. 

Economy Coil (meet. £/ig.) A Choking Coil 

&tyye (Art), An impression of a medal or other 
•object in wax or other plastic substance ; a repro- 
duction. 

Eddy CurrentB (Elect.) Currents produced en- 
tirely within a mass of metal through tiic movement 
or alteration in number of the magnetic lines of 
force passing through it. Eilcly currents tend to 
ooenr in the cores of transformers, pole pieces of 
the field magnets of dynamos, <;tc. They arc reduced 
to a minimum by Lamination (q.v.) They are 
•often termed FouoAult Cubkents. 

Eddy Winds (MHeorol.) See Whielwinds. 

Edge (Silk Marntfac.) St‘e Lizier. 

Edge Coal ( freol.) The l.ower Carboniferous coal 
seams of Midlothian happen, to occur along a zone 
where the strata have been thrown into the limb of 
an earth fold which is steeply inclined. These coals 
are commercially important, and it is often required 
to distinguish them from the Upper (’arboniferous 
coal seams which are worked in the same area: 
hence the name. It is merely a local term. 

Edge Runner. A form of mill used for grinding 
or crushing many materials, such as white lead and 
•other pigments, dry soap, putty, mortar, pulp, paper, 
etc. It consists of circular stones or rollers mounted 
90 as to run on their edges in a circular hopper or 
pan, into which is placed the material to bo ground, 
in some forms the pan is stationaiy^ an<l the stones 
revolve, while in others the pan also revolves. 

Edinburgh Wheel. A type of candle-making 
wheel by which the wicks on the dipping frames 
could be immersed in the tallow bath in rotation 
without deta(bing the frames from the wheel at 
CTery dipping. Virtually superseded by the mould- 
ing machine. See also Candli'. 

Sdinol (^Pltoto.) This substance belongs to the 
class of so-called rapid devehii^ers, and possesses the 
.advantage over some of them of greater solubility 
good keeping qualities. It develops images 
■firy free from fog, and is capable of considerable 
modification to suit various kinds of work. 

EdiBon’i Phonograph. See Phonograph. 

Eduction (Eng.y 'J’he Exhaust (q.v.) or leading 
cf the steam, etc., from a cylinder after the stroke 
is completed. 

Eduction Port (Eng.) The channel for the escape 
of the steam, usually termed an Exhaust Port. 

Edulcoration ( Chem.. etc.) Washing a substance 
to jii^move soluble impurity. 

Eel (^Zoology), The eel (Anguilla vulgaris) is 
common to the greater part of Europe. 

Bflbotlye Current. or Voltage (Elect. Eng.) See 
Vibtu4^ Oubreni: and Vibti;a.l Voltage. 


EffeeMve Heating Surface (Eng.) The paH of a 

steam boiler which has water on one side and the 
fire (or hot gases) on the other. 

EffbctlTe Span (Build.) The horizontal distance 
between the centres of the bearings of a girder, 

EfTectfl (Cham, Eng.) The separate vacuum units 
of a multiple effect evaporator. See Btaporatobs. 

Efficiency (Phys.^ Eng.) In general, the ratio 
between the useful energy obtained from a particular 
machine and the energy put into it. Thus if power 
to ttie amount of 1,000 watts be supplied to a 
transformer, and 950 watts be obtained from it»; the 
efliciency is 95 per cent., or ‘95. 

Efficiency of Heat Engines. The efiloiency of a 
heat engine is the ratio of the work done to the 

W 

heat supplied to it; that is, the fraction where 

JuL 

W is the work done and H the amount of heat 
supplied ('W and II must be measured in the same 
units). If the original temperature of the working 
substance (steam or other gas) at th# commencement 
of tlie stroke of a perfect engine be T,, and at the 
end of the stroke be T.., tlien the efficiency is 
W T,~T.. 

H- 'I, • 

Effiorescence (Chem.) Salts which crystallise 
witli \^ater of crystallisation have a definite vapour 
pressure; when the vapour pressure of such a salt 
exceeds that of the aliiiuspheric aqueous vapour, 
the salt, when exposed to air, will lose part of its 
water of crystallisation ; this phenomenon is called 
efflorescence. The wortl is also employed in (]uit<*. a 
different w'ay to denote the appearance of a white 
powder on a damp w’all or other porous surface. 

Effraye (Tier,) A horse “salient” or rearing, as 
in fear. 

Effusion of Gases iPhys,) The passiige of a gas 
through a j>orous partition or small opening; the 
rate (»f effuhion is directly proportional to (he square 
root of the difference of pressure on the two sides of 
the partition, and inversely projiortional to the square 
root of the di'iisily of the gas. See also Atmolysis, 

Egg and Dart, Egg and Tongue, Egg and 
Anchor (^1 /'<*// d/r/.) A icpeating ornament, carved 
on iin ovolo in classical architecture, resembling a 
series of eggs .separated by darts. Tlie Greek egg 
and tongue, like all other Greek ornament, is much 
more refined and graceful than the Kdtnan examples. 

Eggertz’s Test (Met.) A colorimetric test for 
the estimation of combined carbon in steel and 
wrought iron. 

Egg Shell (Pot.) Porcelain of extreme thinness 
and delicacy, originally made in Cliinn. 

EggBhell GIobb (Dec.) See Bastard Flatting. 

Egg Sleeker (Moulding). A tool with a rounded 
face, used for smoothing hollows in a mould. 

Egyptian (Typog.) A heavy or fat faced style 
of I A pe (EH) rapidly being replaced by more 
modern and graceful styles. 

Egyptian Blue (Archaol.) A crystalline blue 
pigment used by the Romans. Examples occur in 
some of the frescoes in the Vatican. 

Egyptian Jasper (Min.) A banded brown variety 
of J A.sRKR, an impure opaque form of silica. 

Eidograpfa (Surveying). An instrument for re- 
ducing drawings to a smaller scale. * 
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BIjfhtmmo A sheet of peper folded 

ieto dghteen leaves; the same as octodecimo. 
Usually written 18mo, 

^ BiKhth Bend (A^.) A bent pipe whose length is 
one-eighth of the ciroumference of a circle ; used for 
joining two pipes which make an angle of 22^ degrees 
with one another. 

Bi^ht to Pica Leads (Typoci,) Thin leads 
meustiriog in thickness eight to one pica, used by 
printers to put between lines of type to white out or 
lengthen the pxinted matter. 

Eikonojen (^Plioto.) The sodium salt of amldo>/3- 
naphthol sulphonic acid (C,yH 4 ^^H.pil 8 ()aNa). This 
developer is valuable in portraiture or where soft 
negatives are required, as well as for snapshot work, 
and for use with orthochromatic plates. Mixed 
with hydroquinone it is a favourite with many for 
general use. 

Blsaif {Botemy). A genus of palms, consisting of 
two species, one in tropical America, the other in 
Africa. These •j)alra 8 yield a valuable oiL See 
Palm Oil. 

Elaidio Acid (am.), 

A white solid melting at 51^ It is isomeric wdth 
oleic aciil, and is fonned from it by the action of 
nitrous aci<l ; it forms a dibrornide, and is reduced to 
stearic acid by hydriodio acid. Its glyceryl ester is 
called Elaidin," and is formed from olein by the 
arstion of nitrous acid, just as daidic acid is formed 
from oleic acid. 

Eland A well known South African 

ar\t«Jope, Orlaa eanna, whose hide and flesii are 
valuable. 

Elasmobranchii {^oolotjy). A .subclass of fishes, 
comprising the sliarks, doglishcs, skates, and ^ay^. 
They are chJinKitori.scd by a cartilaginous (not bony) 
skeleton, tooth scalf*s on the skin, absence of a gill 
cover and swim bladder, (dc. 

Elastica {Phys.^ The curve assumed by a uniform 
strip of clastic niutcrial, subject to two equal and 
Opposite forces acting in tlie same straight line. 
Also called the Elastic t^uRvu and Ltnea Elastica. 
A bent bow is an exiimple of this curve, and Vtarious 
other forms can be obtained by bonding a steel wire 
or watch spring. 

Elastic Bitumen or Elaterite (Mhi.) A soft and 
. elastic hydrocarbon of a hrownish black colour, with 
a peculiar characteristic odour. From Derbyshire, 
Edinburgh, France, Switzerland, etc. 

Elastic Fatigue iPhyn., Eng,, etc.) A falling off 
in value of the elasticity (^/.r.) of a body when it 
has been subjected to a long continued stress or 
succession of stresses. The effect is very marked 
when the stresses have been alternately applied and 
removed. The exact nature of the changes which 
occur is obscure. There may be definite molecular 
changes, or the results may V)o due to the development 
of minute flaws in the material. 

Elasticity (Phys., Eng,) That property of matter 
in virtue of which it offers i;psistanoe or opposition to 
external forces which tend to change its form or 
dimensions. It is necessary to notice that this 
definition does not denote quite the same idea as 
is attached to the word elasticity in ordinary use ; 
for iiuitanoe, a piece of steel, which offers a much 


higher resistance to chai^ of idxape than India* 
rubber, is (in sdentiflc langiiag^) more elactio than 
indiarubber. 

Elasticity (Cotton Mamifao,) The amousi of 
stretch or pull the yam will stand before brealdng-^ 
very important factor in warp yarns. Testing machbtes 
are employed to ascertain the elasticity and breakjng, 
strain. 

(Woollen Manufac.) A term applied to the 

staple of wool, the yam, and to the woven fabric. 

, CoefBcient of (Phye,, Eng.) The ratio of 

the stress set up in a body, to the strain which 
produces it. See Stress and Strain. Expressed 
as an equation, this gives 

Stress 

Coefficient of Elasticity = 

A coefficient of elasticity is thus equal to the stress 
which produces unit strain, and is measured in the 
same units as the stress. 

Elasticity of Bulk or Volume Elasticity* The 

stre.«s in this case is the increase of pressure per 
unit area ; the strain is the diminution per unit of 
volume. If a pressure^ be applied per unit area of 
a body, and the volume be diminished by an amount 
V ; then ifi the original volume be denoted by V, the 

strain i.s and we get 

Coefficient of Bulk Elasticity = p -f. -• 

V • u. 

Gases and liquids can only offer resistance to change 
of volume and not to changes of shape. From the 
definition of elasticity (g.v.) it is therefore evident 
that they can po.sse8s bulk elasticity only. 

Elasticity of Compression (Phgs., Eng., etc.) In 
the case of simple c.mqjression the stress is tlm 
pressure applied per unit of area, and the strain is 
the diminution per unit of length (measured in the 
direction of the stress). Thus, if a pressure p be 
ai)plibd to the end of a bar of cross section a, the 

stress is If the original length of the bar be L 

O’ 

and the amount of compression be I, then the stiuin 
I 

is Then if E be the co(*fficient of elasticity of 

corapres.siou, we get 

__ Stress _p __ p^ 

fiUain a ' L at * 

Thi.s result is similar to that obtained for the elonga- • 
lion of a body {see Elasticity op Elongation), 
and the coefficient is in very many cases the same 
in amount. 

Elasticity of Elongation (Phys., Eng., etc.) In ti^ 
case of simple elongation the stress is the stretching 
force per unit area ; the strain is the elongation per 
unit length. If a bar t>f length Ti and cross section a 
be stretched by a force till its length be increased 

by an amount I, the stress is-? and the strain is 

a 

A Then the coefficient of longitudinal elasticity^ 

D. 

or, as it is often called, the value of YoxgirG's 

Modulus, for the material is 

B = « -P -i.i « 

Strain a ' L al' 

The value of E is given in units of force per unit of 
area. For engineering purposes^ is usuaUtr given ^ 
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in tons per square inch. The values for some of the 
most important materials are as follows : 

** nVkvia nav Samsm Ttimaai TiAr RaiiatM 


* per SSquare 

Dynes per Square 


Inch, 

Centimetre. 

Steel (tempered) 

16,000 

25 

10 “ 

Steel ( mud ) 

13,200 

20*8 

10 ** 

Wrought Iron • 

111,000 

20-5 

10 '* 

Cost Iron . 

6,260 

9-8 

10 »* 

Copper (drawn) . 

7,880 

12 

10 '» 

Brass (wire) 

6,350 

10 

10 ** 

Teak .... 

1,070 

1*76 

10 *» 

Ash .... 

717 

111 

10 ** 

Oak .... 

655 

101 

10 ** 

Elasticity of Flexure. 

Tlie coefficient of elasticity 


•concerned in the simplest cases of bending is Young’s 
Modulus, or the elasticity of elongation (^.r.) See 
aUo Bbam. 

Elasticity of Oases The only kind of 

stress to which a gus can be subjected is the increase 
of pressure per unit area ; the strain produ(‘ed by 
this stress is measured by the diminution which each 
unit of volume of the gas undergoes. The ratio of 
stress to strain depends upon thermal con<Iltions, 
i.e, wiicther any heat is allowed to enter or leave the 
gas during the operation. If no heat enter or leave, 
the change which occurs is adiabatic and the 

value of the elasticity is then obtained from the 

adiabatic equation, I’V^ = constant. This gives 
E = yl\ If the change is isothermal, the ratio is 
determined by Boyle’s Law : 1*V — constant, and we 
get E ~ P. Thus in one case the elasticity of a gas 
is equal to the pressure ; in the other case, to the 
pressure multiplied by 7, which is the ratio of the 
specific heats (<7.1*.) 

Elasticity of Shape (Phys,) See Toksion and 

BIGIDITV. 

Elastic Limit Phyn.) The extent to which 

a body may be deformed or strained, and still retain 
the power of completely recovering its original shape 
when the stress is removed The greatest strain and 
stress which do not excc(jd this limit are often termed 
the Elastic Stiiain and Elastic Strknuth of the 
substance. If the clastic limit be exceeded, the body 
does not recover its previous form on the removal of 
the stress, but retains a permanent alteration of form 
or a “ set.” 

Elastic Packing (-£%.) Packing made of 
rubber covered o\er by canvas. 

Elastic Strain (^.) See Elastic Limit. 

Elastic Strength iPng.) See Elastic Limit. 

Elbow etc.') A short length of pipe bent at 

a sharp angle. 

(Mining'), A sharp bend in a vein or lode. 

Elbow Lining (Carp,, etc,) The framing at the 
sides of a bay window or recess below the nosing. 

Elbow Point (Print,) A press point made upon 
.an elbow to facilitate pointing in 12mo or Itimo 
works. 

Elbow Press. A special form of screw press for 
expressing tallow, waxes, and oils from animal tissue 
and vegetable prorlucts. lutennediatc between the 
old types of lever and wedge presses and the modern 
hydraulic press. 

Elder (Botany), The elder (Sambucue niger ; order, 
Caprifoliaceic) is of value on account of its fruit, 
flowers, and the pith. The fruit is made into a wine ; 
the flowers are used in making ointment and a 
water.” See aUo Woods. 


Eleotrloal Lines of^or|fk See Fonen. 

Electrioal Machine. A device by which charges 
of electricity can be imparted to objects or differences 
of potential set up. The name is, however, nsufdly 
confined to machines consisting of revolving plated 
(or cylinders) of glass or ebonite, which are elecitrifled 
by friction (frictional machines) or by induction 
resulting from a small initial charge. WimshubST, 
Voss, and Holtz MACHiNBa 

Electric Automobiles. A light carriage propelled 
by a continuous current motor, which is supplied 
with power by a battery of storage cells. These 
carnages are very smooth and silent in action, but 
the great weight of the storage cells prevents them 
from carrying sufficient power for long runs. On 
this acemmt they are only suitable for town use w a 
** Kunabout,” never moving far from places at which 
the storage battery can be recharged. 

Electric Charge. A definite quantity of “elec- 
tricity” or of “ electrilicaiion.” 'Maxwell remark^ 
“ The electrificjation of a body is a pliysical quantity, 
capable of measurement. Wo are therefore entitled 
to use language fitted to deal with electrification as 
a quantity as well as a quality, and to speak of any 
electrified hotly as charged nnth a certain quan- 
tity of positive or negative electricity.” See aUo 
ELECTJtlCJTV. 

Electric Discharge. Tlie dissipation of electricity 
or loss of charge from a body. 1 1 may be accompanied 
by visible phenomena, such as sparks, a glowing 
appearance of the surrounding gas, etc., or it may be 
of a nature not evident to the soiiavs, and only to 
be detected by elcctric;al means. See DiBCHABOE. 

Electric Furnace. See Furnaces. 

Electric Ignition. See Ignition. 

Electric Image. An imaginary electrified point 
(or sy.stem of points) situated on one side of a 
.-surface, and producing on the other side the same 
electrical a(;tion which the actual electrification of 
that surface produces. These imaginary points 
correspond (to some extent) to virtual images in 
optics, but their positions a»\; not governed by the 
same laws. 

Electricity. Early writers on the nature of elec- 
tricity supposed it to be cither a fluid of peculiar 
properties or else two fluids whose properties were 
comi>lementary to each other or of opposite kinds ; 
for example the One Fluid Thbohy of Franklin, 
and the earlier Two Fluid Theory of ISymmer. 
Later physicists arrived at the conclusion that what- 
ever electricity might be, it was not a material 
substance. This theory was based upon many 
considerations arising from the existing know- 
lerlgc of the properties of “material substances” 
or “ matter.” As an alternative it was suggested that 
electricity was a form of energy, but this proved 
untenable. I’rofessor Lodge (now Sir Oliver Lodge) 
stated, in Modf'rn Vie'wa 0/ Mectricity, published 
in 1889, that “ Electricity may be a form of matter ; 
it is not a form of energy.” Since this was published, 
a vast amount of experimental work has extended 
our knowledge of the properties of matter under 
new conditions ; these researches include the pheno- 
mena connected with the passage of electricity 
through gases, the various newly discovered forms of 
radiation, and the investigation of the properties 
of radio-active bodies. As a result of these re- 
searches it has been found by I'rofessor J. J. 
Thomson that positive electrification is always 
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^ksSQoiated ordinal^ mattar, while negative 

electrification is not n^oessaiilj so, bnt may be 
” aasodated with bodies very much smaller than the 
amaHest particle of ordinary matter previously 
recognised, i.s. the atom of hydrogen. To these 
bodies the name COBPUSOLB or Electron has been 
given. An assemblage of these electrons corresponds 
to the electric fluid, and a negatively charged body 
is one to which a number of electrons have become 
attached. An electric current is a stream of electrons, 
and a substance which conducts electricity is one 
through which the electrons can move freely. To 
account for positive electrification it is necessary to 
suppose that every neutral or unchanged atom 
of ordinary matter contains, or is associated with, 
a definite number of electrons, together with a posi- 
tively cliarged nucleus. If this atom be deprived 
of some of its electrons, it becomes positively elec- 
trified ; if one or more electrons (over and above 
the oiiginal number) become attached to it, it is 
negatively electrified. The effective mass of such a 
charged atom will not be very different from that 
of the nncharge(> atom ; hence in a gas under or- 
dinary conditions of pressure, the positive and 
negative ions will not differ appreciably from each 
■other in mass. But when the electric discharge is 
sent through gases at very low pressures, free elec- 
trons are projected from the cathode, and it becomes 
possible to measure tlioir velocity, and the ratio of 
the mass of each to its charge. Other methwls 
enable the charge itself to be measured, and as a 
result it is found to be the same as the charge carried 
by the hydrogen ion in the electrolysis of solutions ; 
this is 3-4 X 10“'® electrostatic units, while the 
mass of the electron is about of that of an 

atom of hydrogen. The action of electrons is capable 
of accounting not only for electrical and magnetic 
pbenomena, but also for many of the well known 
j)hysical and chemical properties of matter; thus 
the Mass, Inertia, Valency, the ]30.sition of elements 
in the Periodic System, and the character of their 
spectra can all be referred to the behaviour of elec- 
trons attached to or separated from llic atom of 
elements. In addition to thtjse far-reaching results, 
the plienomeua presented V>y radio-active sub.stanccs, 
such as radium, can be traced to the properties of 
electrons. It must be pointed out that our definite 
experimental 'knowledge only applies to negative 
electricity ; tl)c nature of positive electricity (and 
of the positively charged particles projected from 
Hadtum) is still absolutely unknown, and the ideas 
referred to above are merely speculative. 

Blectricity, Atmospherio enrol.) The elec- 
trical state of the atmospliere varies in amount ; but 
electrification is alway.s present, and may easily be 
detected by Electroscopes (j^.r.) connected to 
kites, etc., by a conducting string or wire, as in 
Franklin’s early experiments. The Totential { g . v .) 
of the air is usually positive. In a thunder-storm 
there are sudden and violent changes both in sign 
and potential. 

Eleotrte Lighting. The energy of an electric 
current was first transformed into light by the 
agency of the “arc” or spark. Humphrey Davy 
.found in 1800 that two touching points in a circuit 
■carrying a current gave a flash on being separated. 
The brilliant whiteness of tlic spark produced on 
separating carbon 'points suggested the commercial 
value of this phenomenon, and in 1810 Davy ex- 
hibited at the Boyal Institution a flame maintained 
Jsetween the ends of two horizontal carbons 4 in. 


apart From the shape of the flame — that of a 
bow or »aro’* of light— the name was derived 
which hae sinoe characterised this method%f light- 
ing ; though, by the now general practice of plaSlng 
the rods vertically above each other, the distinctive 
form has disappeared. Arc lamps are constructed 
for use on both continuous current and alternating 
current systems. In the latter case the frequency 
(or number of double reversals of current direction 
per second) must not be less than fifty, or else the 
lamps flicker objectionably. They may be grouped 
“ in series,” the same current passing through them 
one after another; “in imrallel” or side by side 
along the feeding circuit, each working indepen- 
dently of the rest so long as the electrical pressure 
remains steady ; or “ in series parallel,” a number of 
parallel circuits of lamps in series. In the first class 
each lamp should have an automatic short circuiting 
device, so that the breakdown of one lamp does not 
extinguish the rest. In the second and third classes 
each lamp should be bridged by an equivalent resist- 
ance, to be automatically thrown in if the lamp fails, 
to maintain the steady burning of the rest. An arc 
i.s in a state of unstable balance ; if a slight increase 
be given to the current, tlie resistance of the arc to 
the passage of current becomes lcs.s, the area of the 
arc being proportional to current strength, and the 
current wiH therefore build itself up indefinitely. 
Conversely, a diminution of current produces further 
reduction till the anj goes out. It was therefore 
speedily recognised that unceasing regulation was 
necessary, this being performed by adjusting the 
lenffth of the arc. This was at first effected by hand, 
and for all purposes where the operator is in constant 
attendance (as with searchlights) this is still done. 
Atiloraatic regulation was introduced by Wright in 
1845, w'hilc Staite first used the current it.self to 
regulate the carbons in 1848. The functions of a 
modern arc lamp mechanism are to separate the 
carbons (after bringing them together if they do not 
close by gravity when the current is switched off), to 
steadily maintain the distance between the carbons 
so that the illumination 
is kept constant, to feed 
one or both carbons to- 
wards each other as 
their ends are burnt 
away, and after switch- 
ing off to l(‘avc the lamp 
ready to restart when- 
ever required. The 
control is effected by 
balancing the pull of 
one or more electro- 
magnets in the lamp 
circuit against gravity, 
the pull of a spring, or 
both combined. A typi- 
cal mechanism for these 
operations is shown, re- 
duced to its simplest 
form, in the diagram. 

The current passes from 
one terminal T. through 
tlie series (thick) coil s,, 
the top carbon holder H, 
the tw’o carbons at the 
junction of which (A) 
the arc is formed, to the other terminal Ty. The 
carbons are initially in contaot. A strong cuirent, 
passing through tliis closed circuit, energpses the 
series coil, which pulls the plunger-picoe F upwards. , 
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thi 9 bas a fork engaging irith. a washer w, which 
is a loose fit on ihc rod holding the carbon. If 
slightly^iltod by the fork, it grips the rod, and 
if V bo further raised, the upper carbon is lifted, 
striking the arc. A shunt coil of fine wire 
also acts on the plunger in an opposite sense 
to the series coil. If the arc grows too long, 
its resistance is raised, the oiincnt becomes 
stronger in the parallel shunt coil, weakening the 
nil on the plunger and allowing the washer to fall 
nok on its support as shown by dotted lines, the 
rod then slipping till the arc resistance is again 
low enough. This “ differential ” winding is essen- 
tial in series arc circuits, where the current is prac- 
tically constant whatever fluctuations each arc 
makes, the series coil simply striking the arc. On 
parallel and series parallel circuits, though used, 
it is not essential, a series coil being sufficient. 
Other mechanical devices are used to feed the carbons, 
the clutch type being hero described for its extreme 
simplicity. As all control mechanisms have a little 
inertia, they do not respond instantaneously to 
sudden fluctuations of current; in parallel circuits, 
therefore, “ steadying resistancCvS ” (for <liicot current 
arcs) or “choking coils” (for alternating current 
lamps) must be provided to damp these fluctuations. 
In series circuits the&e latter devicjca are unnecessary, 
as the dynamo is specially built to take care of tlie 
fluctuations. The above adjuncts to the lamp are 
usually contained in the (cylindrical case surmounting 
it, or, where their bulk is prohibitive, in a wall box 
or the base of the supporting lamp post. I’he 
candle power of an arc varies with the angle to the 
axis of the carbons at which the measurement is 
made. In direct current lamps the light is thrown 
well downwards, giving a maximum at about 60® 
from the axis. Alternate current lamps throw their 
light almost equally up and down, and hence must be 
providc^d with reflectors. The average candle j>uwer 
(taken from a large number of measurements all 
round the lamp) of an ordinary street lamp (“open 
type ”) is from 1325 to 875, the current, if continuous, 
being from 6 to 10 amperes, or from 10 to 15 amjx'frcs 
if alternating. If the current is less tb.'iri these 
minima, the proportion of cooling surface of carbon 
to energy of the arc is much increased; the arc 
flickers violently and goes out. An 875 candle pow’cr 
lamp requires about 0-6 horse ])ower, delivered at 
the carbons. The carbons themselves arc gradually 
consumed by the arc, requiring replacement in eight 
to ten hours. The arc light is admirably adai)ted 
for public lighting, and in the form of Jablochkoff’s 
“candle.s” was first used for this purjiose in 1876 to 
light the Avenue de TOpera, Paris, and the Thames 
flimhankment, London. liecent tests by the West- 
minstOT City Engineer show that the co.st per candle 
power per annum ^including maintenarue, sinking 
fund, and 'intere.st) for arc lamps averages ll*76(f. 
Tlie best figure for gas (Sugg’s high pressure) is 
and with ordinary incandescent mantles 
In 1894 “ enclosed ” arcs were commercially 
introduced, the arc burning within a small globe of 
clear or opalescent glass, the latter giving a more 
diffused light, but absorbing abi»ut 15 per cent. In 
some cases this is enveloped by a larger globe. The 
outside air is largely excluded, and after a few 
minutes’ burning, the arc is surrounded by carbon 
monoxide, an inert gas. As a result, combiLstiou is 
slower, the carbons lasting from 100 to 120 hours ; 
^the voltage across carbons can be raised to 150, 
4hougb 80 volts (on 100 volt mains) are generally 
nsod ; the light changes from white to violet as the 


voltage increases ; tjiie temperature w^in the glo^ 
rises, rendering the dboUng surface less efleotive, audit 
allowing the use of snmll^ currents. The usual 
value is 5 amperes, but recently*^* midget” lamps 
have been made of sufficiently si^l pow’ec* to com- 
fortably light an onlinary room. Efforts hftVe lately 
been made by mixing .salts of metals, such as caldam 
fluoride and cryolite, with the carbon, tc^change the 
colour of the light ; the Bremer arc. ^ving a reddish 
yellow flare, bi lng tlic best knovm example. This 
lamp is also remarkable as reverting to the true 
“arc,” a flame being projected downwards— 4.(7. lin 
the diiection of maximum use — from the cartons 
(which are each tilted at an angle of 15^ to the 
vertical) by the action of an electromagnet. Almost 
siirmltiineously with the practical development of 
the arc light came the initiation of the glow lamp — 
an electric conduc- tor raised to incandescence, but not 
volatilisation, enclosed in a glass bulb in which a 
very high vacuum is obtained. In 1858 Jobart pro- 
posed to uso a small carbon in a vacuum, but we ovv^ 
our present lamp j^rincipally to the work of Edison 
and 8\van between tiic years 1877 and 1880, Platinum 
wire w'as> first used, but was liable to sudden rupture 
if overheated. Thin carbon wires prepared from 
parchmentised cellulose arc now employed. The cellu- 
lose thread is formed by treating cotton thread with 
strong sulpljuric acid, or by dissolving cotton wool 
or Japanese paper in zinc- chloride, the visootus 
solution being then squirted tlirongh fine jets into 
alcohol, wdiich hardens the thread. This parch- 
mentised filament is wound on carbon blocks moulded 
to the required shap(5,and placed in a cruciblo pack<*d 
with plumbago, wlicre it is maintained at a white heat 
for t\vent} -four hours. Tl)e carbonised filament is 
next attached to leading-in wir(?s of platinum either 
by carbon cenient or electrically deposited carbon, 
being then iimucrscd in a liquid or gaseous hydro- 
carbon (c.//. benzoline) and a strong ciiiTent “flashed ” 
through it, making it instantaneously incandescent. 
In this state it receives a d(it)Osit of hard carbon, 
which adheres more especially to the thinner (or 
hotter) parts of the wire, rendering it of uniform 
thickness. The fihimeiit is now scaled (by the lead- 
iiig-in wires) into a glass bulb provided with an 
extension tube, which is afterwards fused on to the 
exhaust tube of a mercury air pump. After an 
almost perfect vacuum is obtained in the bulb the 
latter is melted off the extension tube and tested 
for vacuum, candle power, and voltage. The cap 
which fit.s tlie lamp holder is now^ fixed to the bulb 
by plast<;r, and figures for voltage aud (landle power 
etched on tlio glass. Difficulty in standardising the 
pressure of siipifiy was found, but practice ultimately 
rc.solvcd, itself into supplying at 11)0 to 110 volts as 
being most suitable to the lamp’s requirenients. Of 
late years, however, lamps have been commercially 
produced for pressures up to 240 volts, and the 
importance of this advance is meastired by the fact 
that a given quantity of electricity at 200. volts can 
be distributed over an area four times as large as 
that available with 100 volts, with the same loss. 
The glow lamp is not so efficient as the are, one 
16 candle-power lamp recj airing about 0'086 horse- 
p:»wer; but the light is more agreeable, and much 
smaller lamps can be used, the usual .candle power 
jxir lamp being 8, 16, or 32. Within the last three 
years an important departure has been made by the 
intre^nction of the Nernst lamp, %hioh is essentially 
a thin rod of highly refractory earths of rare metafis 
similar to those used in the Welsbach gas mantle. 
Such a rod is a non-conductor when cold, but on 
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beings l&oderltely heated pennltB the passage of a& 
electric ’corrextt* which then renders it brilliant] j 
incandescent. , «ffhe filament glows safely in air, 
beiif^ mutely surrounded by a glass wind shield. 
A spiral of thin wiie cased in enamel surrounds the 
rod, and is in circuit on first switching the current 
on to the itop, becoming heated to bright redness 
and imparting heat to the refractory filament. As 
soon as the latl^r is warm enough to conduct the 
current a small electromagnet switches the heater 
out of action, replac;ing it when tho current is 
switched off. Tho resistance of the rod to passage 
of current becomes less tho stronger the current 
which heats it, and if left to itself the rod would 
soon burn out. The current is therefore first passed 
through a loop of iron wire, the resistance of iron 
inorcoidTig the stronger tiie current flowing through 
it. By a proper proportioning of the filament and 
iron, a steady light, and durability of the lamp, are 
ensured. The average life of the filament, which 
is replaceable at small cost, is 476 hours. The 
efficiency of the fiunp is ve^ nearly equal to that 
of t)ie arc; it gives a soft white light, and is obtiun- 
ablc in candle powers of from 50 to 2,000. The cost 
of burning, including renewals, is approximately 
llrf. per 1,000 candle power hours, as against, say, 
16<f. for ordinary glow lamps. — J. A. S. 

Bleotric Motor. See Motors, Electric. 

Electric Power. The rate at which electrical 
energy is supplied or devedoped. . It is proportional 
to the strength Of the current and also to the 
electromotive force. The unit in which electric^al 
power is measured is the work done in one second 
by a current of 1 ampere sujijjlied at a yiotential 
difference of 1 volt, and is termed the Watt. One 
watt « !(/ ergs per second ; 710 watts = 1 hor.se 
power, Wlicn the current is continuous, the power 
is equal to tho product VO, where V is the difference 
of potential in volts between the terminals of the 
part of ' tlie circuit in which the power is being 
measured, and 0 the current, in amperes, flowing 
through it, C and V are njspectively measured by 
any suitable form of ammeter and voltmeter, the 
former being joined np in series with the main 
circuit, and the latter being joined uy) as a shunt 
across the terminals. If the current is an alternating 
one, the power suyjydied is equal to the product 
Vtl cos 0, wdiere V and C are the virtual values 
(j.o.) of the volts and amj)6rcs, and 0 is the angle 
of lag. Alternating current yxiwer can be measured 
by means of a dynamometer or w^attraeter, or by 
certain special combinations of in.strumonts, 

Eleotrio Screen. A closed surface of conducting 
material, connected to earth and therefore at zero 
potential. An object placed inside such a surface is 
entirely protected from the action of any external 
electrified body. 

Electric Traction. The history of electric traction 
in early days is a record of protracted struggle under 
adverse conditions, but later the record is one of 
progress and success that i^ almost unequalled. The 
date of its inoeyjtion cannot be rigidly fixed, but the 
chief laiidmarks in its history are briefly as follows : 
The introduction of the underrunning trolley by F. J. 
Sprague in 1886. The attention givenp to the design 
of oars by Brill, resulting, a little later, in the con- 
sideration of the truck as a separate and most im- 
TOrtant part, not subservient to the oar body, as was 
formerly more or less the case. Tho inception of 
the Sbbibb Paballbi* Coktbollbb by Hopkinson, 


and its improveinent hf Oondiot and Thogpob Into 
the important piece of switching appacatrw that we 
now know, without which economical electric traotlCB 
would be impossible, as starting and regulation 
speed would have to bo performed '^by the introdnCK 
tion of wa.stcful series resistances, Improyementb 
in motors, track construction, and other details havey 
of course, been responsible for a great measure ^ 
the present sneoess of electric traction ; and an 
practically all the principal firms have contributed 
to their gradual evolution, they do not belong to any 
particular date or name. At the preset day the 
recognised methods of electric traction in practical 
use are : (1) Aocumulatob ; (2) Subfaoe Contact ; 
(3) Conduit; and (4) Ovebhead systems. Of 
these the last is by far the most popular. The first, 
in which the motive power is carried on the car in, 
the shape of charged accumulators, may bo dismissed 
in few words. Despite its sundry advantages, such as 
flexibility and self-containedness, it has been proved 
to be commercially impossible, owing to its low 
efficiency and the rapid deterioration of accumulators 
when cx{) 08 ed to perpetual shaking and jarring. The 
advent of a lighter, stronger, and more efficient cell 
is the only thing that can popularise this form of 
traction. Tho SURFACE Contact system, on the 
other hand,l»a8 possibilities ; indeed, several inven* 
tors claim to have solved the problem of trans- 
mitting power to a moving car, without having 
overhead or underground conductors. Every few 
feet down the centre of the track are laid contact 
blocks, slightly higher than the surrounding road 
surface; and these are connected through adjacent 
automatio switches to the feeder cables. On the 
bottom of the car is carrier! a collecting Skate, 
wliich, rubbing on the contact studs, conveys the 
current to tho motors, the return path being throngh 
the wheels and rails. The essential feature of the 
system is that the studs should only be alive when 
directly under the car ; it thefefore follows that the 
latter must have an alternate closing and opening 
influence upon the underground switches, and this is 
effected, according to the system, either by electrical, 
magnetic, or mechanical means. Fig. 1 shows a 



typical case of electrical working due to Vedovelli : 
Bss are the automatic switches, F the feeder, and 
E the earth return. Upon the skate touching a 
leading stud, the latter is placed in electrical con- 
nection with the trailing one ; consequently a current 
flows through the magnetic switch coil of the former,, 
lifting up the switch from the two bottom contabta 
upon which it rested, closing it as shown, and passes 
away to earth tli rough the contacts of the next 
switch of the series. When the skate breaks contact 
with the stud, the switch opens, as the current that 
was holding it in position by the aid of the electro- 
magpnet is stopped. Magnetic methods are uauaB^ 
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^simpler ^jpd more reliable than the above. Generallj 
a magnet excited by the line current or a separate 
battery of cells is carried underneath the car, and 
this suffices to actuate the stud-switching mechanism. 
Mechanical operation appears to be the most reliable 
if the design is good. It may be effected among 
other ways by a plough running in a shallow conduit^ 
operating the switches by mt'clmnical means as it 
passes. Surface contact electric traction has of late 
received an impetus, owing to the introduction of 
sundry improvements tending towards greater reli- 
ability; the consensus of opinion is, however, against 
it as a system. The Conduit system has been 
proved by large experience to be roliablo, provicUid 
great attention is paid to it.s design and construction. 
It is generally accepted as the only possible alterna- 
tive to the trolley, but, being costlier and less eon- 
vehient, it cannot compote upon equal grounds. It 
has the advantages that it is not unsightly, and 
affords eveiy facility for an insulated return, which 
latter is an important point, as it obviates the neces- 
sity of bonding the rails, and docs away with the 
usual electrolytic troubles in adjacent pipes conse- 
quent upon an earth return. ] Jet ween the track 
rails is placed a roomy and well drained conduit, 
-open to the extent of about f in. on top, an<l built 
up usually of cnncrcte more or less in the form of 
fig. 2. Fixed to the walls by the aid of insulators 



Fig. 2, — Section or London County Council 
Conduit. UET WEEN yokes. 


ure the bare + ami - conductors, and between them, 
passing clear through the f-lot, runs Die cxillecting 
plough, picking up tlio current on the one side by an 
insulated jilaie connected to the motors, and return- 
ing it by a similar contrivance on the other. In 
practice, trouble is often experienced in the design 
and working of crossings and points, and in many 
cases underground pipes offi^r a serious hindrance to 
the construction. Tim Oveehead Teollet System 
is, of course, free from such object ions, and is con- 
sequently very much cheaper to instill and maintain. 
It derives its name from the fact that originally a 
small trolley was employed to run on the fop of the 
wire, picking up the current, and j)assing it through 
a cable to the car; but this was found to be imprac- 
ticable, and the greatest impetus the overhead sy.stem 
has known resulted from the introduction of the 
underrunning trolley. In a modified form this is 
the apparatus used at the present day. Owing to 
the impracticability of emploving two overhead con- 
ductors and two trolleys, the current is returned to 
the power house through the rails, and tliis calls 
for the above mentioned necessity of bonding. The 
Board of Trade regulations with regard to the return 
circuit are stringent, 7 volts being specified as the 
maximum allowable drop of pressure over it. In 
cases where this is exce^ed it becomes necessary 
to instal a negative booster in the return 

circuit of the feeders. Except in special cases where 
allowance is sometimes made, the Board of Trade 
rules specify that the speed is not to exceed ten 
miles an hour, and four miles an hear through facing 


points ; that the overhead conductor is to be electri- 
cally split up into sections not exceeding half a mile 
in length ; and that the latter is to be supported, at 
least every 120 ft., at a height npt less than 17 ft. 
from the ground, except when conveyed under 
bridges. The electric railway was a natural sequence 
to the success of the tramway, and is undoubtedly 
destined to create a revolution in railway operation. 
Up to the ])rcsent it has been confined to suburban 
and short lines, but several important companies 
have the electrification of their main lines under 
consideration. In the case of a sliort lino, direct 
current at a pressure of 500 volts is generated at the 
power house and fed on to a bare conductor placed 
adjacent to ; the track ; the return is either through 
the rails or another special bare conductor. An ex- 
ample of this is the Great Northern and City Railway. 
The Central London Railway, on the other hand, 
generates a three pliase alternating current at a pres- 
sure of 5,000 volts, transforms down in substations, and 
convertiS by the aid of rotary converters to direct 
current at a pressure of 500 voltsj and in this form 
the power is used on the train. There arc two 
distinct methods of electric railway operation in use 
at the present day, vh. the Locomotive and the 
Multiple Unit system. The former sjieaks for 
itself, and its limitations arc })raotit‘ally on a par 
with those of the steam railway; but the second 
possesses several imi>ortant advantages. By instal- 
ling motors at each end and in the ini<ldle of tlie 
train, the driving power is distributed, wliich results 
in increased adhesion to the rails, greater power 
with reduced local weight, less pounding and vibr.i- 
tion, and lighter rolling stock and track. Main lines, 
owing to their length and the largo amount of power 
cotiMimed, can scarcely be efilcicntly oi>orated by 
direct current, except at prohibitive pressures; thus 
alternating currents must be looked to to solve 
the problem. Great experimental progress has been 
recently made in their adaptation to the needs of 
railway W(»rk, and there appcu*s to be but little 
<3 jobt that the near future w>ll see the realis-ation 
of this form of electrical operation uj)on a large 
scale. Traction power house plant has of late years 
received much attoin'oii. Exiicrience has proved 
(hat tlie strains set up in the engines and generators 
owing to the rapidly and sr>metimes largely varying 
load arc not to be as much feared as was at one 
time thought to be the case. Good goviTiiing and 
considerable inertia are, however, essential in an 
engine destined for use on a traction circuit. Where 
direct current dynamos are used they ai*e always 
compounded {aee Dynamos), and special attention is 
paid to sparkless running in their design. A battery 
is an important adjunct in traction work, as it acts 
as a buffer, taking up a groat deal of the load varia- 
tion, and therefore saving the engines from abnormal 
strain. This is specially the case where on automatic 
reversible booster is used, that interesting piece of 
raachineiy liaving been designed to moot the special 
requirements of traction work in this direction. 

F. TI. D. 

Electric Waves. When an electrical condenser 
is di>c barged by connecting its two coatings 
together through a condimtor, a series of electrical 
oscillations is set up in the conductor. The 
plates or coatings become charged alternately 
with positive and negative electricity^ The period of 
each oscillation is approximately 2srv^L0, where 
L is the coefficient of self indaction of the circuit by 
which the two coatings of the condenser are con- 
nected, and G is the capacity of the condenser. 
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.A snccession of electrical disturbances or waves 
will start o£E from the system through the sur- 
rounding medium, having the same frequency as the 
•oscillations in the conducting wire. These waves 
<>onsist of electric and magnetic disturbances at 
light angles to each other and to the direction of 
•propagation. The velocity of propagation is 

given by the equation where K ife the 

Sj^Bcmc Inductive Capacity {q.v.) of the medium 
tlirough which the waves are travelling, and fi is its 
Magnetic Pbbmeability {q,v.) The waves may he 
conveniently produced by sparks from the secondarj 
terminals of an induction coil, the conducting wires 
terminating in two polished spheres or cylinders 
placed at a small distance apart. To detect the 
presence of the waves various methods are used. 
■One of the earliest consisted of a metal wire with a 
polished brats knob at each end, the whole wire bent 
round into a circular form sr) tluit the knobs nearly 
touch. 'Jho are^ of the circle so formed must be 
suitably adjustf‘d to the j)articular wave lengths of 
tlifi waves it il^ desired to detect ; if this is done, the 
waves falling on the metallic circuil^ will produce 
siuiill sparks whi< li pass between the two knobs. 
The form of detector which is now most used is 
known as a CoiiKiMClL 'J'his consists essentially of 
lo<jse contacts botucou pieces of metal. Tn JIkanly’s 
CoriEUEH these are metal tilings enclosed in a tube, 
through the ends of which wires are passed to serve 
as tomnnals ; but many other forms of loose contact 
W’ill give satisfactory results. A coherer of this t^'pe 
has a very high rc.>istancc, but when waves fall on it 
it becomes a good conductor. On tapping it vei^ 
liglitly after the weaves have passed, it returns to its 
original couditidu, and ceases to conduct to any 
api^reciahlc extent. Tf a coherer be connected in 
series with a c-cll and a galvanometer, a detlection of 
the galvanoriiet(‘r will occur wlien electric waves 
fall on the coherer, and wdll last until the coherer is 
ta})pi‘d, when the titirrcnt ceases, owing to the instant 
incTcasc of the resistance of the coh(^rer. Using 
tlie>e means for tlic production and detection 
of electric waxes, many of theii- properties can 
be found by cx]>crinicnt. Thus it is found that 
they are cajiable of being relief led, refracted, 
pftlarisfHl, and made to yield interference effects. 
Hence elect ric; waves have properties resembling 
those of liglit ; moreover, it is found that their 
velocity of propjigation is the same as that of 
light, so far as can be ascertained from experiment. 
It is now believed, both as the result of theoretical 
investigations and of experiments, that light waves 
are .simply eJectiic waves of very short wave length 
and very liiglx frequency ; this is the main principle 
of Maxwell’s Elkctbom A GN,ET io Theory op Light. 
Of recent years im])ortant applications of the pro- 
perties of electric waves have been made by L‘'dgi*, 
Marconi, and others. See Wireless J’ELEtJHArHY. 

Electric Welding, In many instances metals can 
bo w’elded by heating the parts to be joined by 
electrical means. The process is used for i)i])cs, rods, 
wires, sheet metal, tanks, barrels, special forms of 
Chemical plant, large objects which cannot easily be 
moved, and other pieces of work which it would be 
difficult or even impossible to deal with in the forge. 
There are two methods, the Incandescence or 
Thomson System and the Arc System. In the for- 
mer a very large current wuHi a low voltage (usually 
one or two volts) is passed across the junction from 
-one piece of metal to the other ; intense heat is pro- 


duced in the immediate neighbourhood o^the joint 
owing to the increase in the resistance d the hot 
metal. The two pieces of metal, on being pressed * 
together, become welded into a homogeneous mass. 
Alternating currents are generally used ; a small cur- 
rent, at a pressure or voltage of several hundred volts, 
is converted by a transformer, whose secondary coil 
may only (consist of one single turn, into a "large 
c.urrent of low voltage. As the transformer can be 
placed near tlie work, the necessity for long leads * 
of sufficient size to carry the large secondary current 
is avoided ; short heavy leads are brought from the 
secondary’ terminals of the transformer to clamps 
lixc<l on the work itself. The method is very con- 
venient for the welding of large numbers of similar 
objects, which can be placed in succession in a 
suitable form of clamp or holder to which the 
terminals of the secondary circuit are i^ermanently 
attached. The necessary operations may thus be 
reduced to a few very simple movements, and skilled 
labour may be largely or wholly dispensed with. In 
the Arc System a continuous current of much smaller 
amouut, but with a voltiige of 70 to 160 volts, is 
used, the currtsnt being controlled by suitable 
rcsistan(‘es. The positive terminal is attached to 
the metal and the negative terminal to a carbon 
I rod, fixed fn a holder which is held by the operator, 
or, ill certain cases, is moved by mechanism. A 
liowerful arc is formed between tfie metal and the 
carbon rod, and is caused to travel along the joint. 

T5y this method large pieces of work cian be welded 
up in Riln ; but the operator requires a considerably 
higher degree of skill than is necessary in the case 
of the first mctho<l. 

Electrification, The condition of a body which 
has received a cliarge of electricity. See ELECTRIC 
Charge and Electricity. 

Electrochemical Equivalent. The mass (in 
grams) of a substance deposited by’’ the passage of 
uuitquantity of electricity (one coulomb). Tlie electro- 
chemical equivalent of hydrogen is *000010352; that 
of any other element is obtained by multiplying this 
number by the chemical equivalent (jf the element in 
question. 

Electrode. A conductor by which electricity 
enters or leaves any pioc(: of a])paiatus; especially 
the two conductors (Anode and Cathode) by 
which a current enters and leaves an electrolyte. 

Electrodynamometer, See Dynamometers, 

Electrical. 

Electrolysis. See Electrolyte. 

Electrolyte {Elect.) A liquid with the property 
of conducting electricity by means of ELECTROLYSIS, 
or the splitting up of its molecules (or of the 
mole(*.ules of a substance dissolved in it) into 
separate atoms or grou}>s of atoms, termed IONS. 
Tlie ions themselves carry charges of electricity, 
and travel with a small but definite velocity through 
ihe liquid. 

Electrolytic Dissociation, See Dissociation. 

Electromagnet. A core of iron or steel round 
which is wound a coil or ISolenoid of insulated 
wire, tlirough which a current can be passed. The 
iron becomes magnetised during the passage of the 
current ; when ihe current ceases, the magnetisation 
falls off to a very great extent, and may vanish 
almost entirely* in the case of very soft iron. 
Electromagnetic Theory of Light. See Electbio 
Waves. 
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Eldotrometallnpgy. MetalltiTgioal processes 
^ which are carried on either by the heat of the 
* ^ectric furnace (^.v.) or by the chemical action of 
an electric current. The preparation of pure copper 
by electrodeposition from a solution of impure copper 
B^ts is a good example of the latter method. Much 
of the copper employed for olectrioal puiposes is now 
prepared in this manner. See Coppeb. 

Electrometer. A piece of apparatus for measuring 
differences of electrical potential. The simplest form 
i!s some modification of the electroscope (q.v,') pro- 
vided with a scale forfiudini? the angle of divergence 
of the gold leaves. The instrument lias to be cali- 
brated by the observation of the divergence produced 
by known diiTerenccs of potential. The Attracted 
Disc Electrometer depends upon the mechanical 
force between two metal discs, which are charged 
up to tlje two potentials whose difference it is 
required to measure. If the distance between the 
plates is kept constant, the force with which they 
are attracted is proportional to the square of the 
difference of potential. Jf the distance between the 
discs is varied, the attracting force being kept con- 
stant, the difference of potential is simply propor- 
tional to the distance between the plates. The 
Quadrant Electrometer consists of a light 
paddle-shaped needle c, usually made of alu- 
minium. This is suspended by 
means of a controlling fibre D, 
fio that it can turn inside two 
pairs of hollow metal quad- 
rants, A A, BB. In its position 
of rest it lies symmetrically 
between the two pairs, as 
shown. To measure a small 
difference of potential Vj — v, 

(tf.^.tbe difference of potential 
between the terminals of a _ , „ 

ainglo cell) the two quadrants Electrometer. 

AA are connected to one terminal of the cell and 
charged to the potential V| ; the pair bb are sinjilarly 
connected to the other terminal, and charged to the 
potential v,. The needle is maintjuned at a very 
nigh potential V, by connecting it to the inside 
coating of a small charged Leyden jar ])Iaced undey- 
neath the quadrants. Tlicn, if tlie couple required 
to turn the needle tlirough a given angle be pro- 
portional to this angle, the observed deflection will 
be proportional to (v, — V 2 )v,. 

Thus, if V, be kept constant, 
we can compare various values 
of V,— Vg, an<l the absolute 
value of this quantity can be 
found by observing the de- 
flection produced b^^ a Clark 
cell* To measure large differ- 
ences of potential tlie needle 
is connected to one pair of Fio. 2.— Electrombtbr. 
quadrants ; the couple exerted 
on the needle (and consequently the deflection) is 
then proi)ortional to (Vj — vj*, where Vj is the 
potential of one pair of quadrants, and Vj is that 
of the needle and remaining pair of quadrants. 

Electromobile. An electric automobile or motor 
car. Sf'c Electric Automobile. 

Eleeipomotive Force or E.M.F. That which tends 
to cause the motion or flow of electricity. It is 
frequently termed Electric Pressure, or merely 
Pbibssube, by electrical engineers. 

Bleetron. The name now generally used to denote 
the very smell negatiively ohaz^d ** corpuscles ” 




which constitute the cathode stream In high vacua,, 
and which are also produced uiuler other circum- 
stances ; e.g, they are emitted from negatively charged 
surfaces exposed to ultra-violet light, and also form 
the |S rays emitted by radium. The negative charge 
carried by each electron is about 3:4: x 10"^® absolute 
electrostatic units, and appears to be a natural unit 
of quantity or a kind of ** atom ” of electricity. The 
mass of an electron is about to of that of a 
hydrogen atom; but it is as yet unoei-tain whether 
this mass is real or of purely electrical origin, due to 
the fact that a charge in motion behaves as if it 
possessed inertia. Sre also Electricity. 

EleotPophoPUB. A flat plate of resin, or ebonite^ 
laid on one conducting plate, and covered with 
another, which can be raised by an Insulating handle. 
A small charge imparted to the resin (by rubbing) 
can be made to induce successive charges on the 
upper plate, which may be utilised in any way 
required. The source of energy is the separation 
(by the operator) of the plat,c ami «over, which Carry 
charges of op[)osite sign, causing an {^tractive force 
to be exertoil between them. The work done in 
separating tbese charges a^ipears as increased elec- 
trical energy on tbe upper plate, as its potential is 
raised by its withdrawal from the vicinity erf 
the resin. 

Electroplating. In general terms this consists of 
depositing the precious metals on the base metals (or 
oil non-nietallic substances which have been coated 
with a conductor) by means of eh'ctrolysis (q.v,) 
The articles to be electroplated form the cathode 
pole (q.v.) in a solution of the precious metal, the 
anode or + pole usually being a xdale of the metal to 
be deposited. When a current of elootrioiiy is passed 
through the solution, a thin coating of inetnl is 
deposited on the articles forming the cathode, and the 
decompost‘d ion.s (q.r.') take up a fr(‘sh supply of 
metal from tlie anode. The individual methods of 
electroplating in general use arc : (1) nickel plating, 
extensively iLsed for making Genuan silver goods 
and plating harness makers* ironmongery, buckles, 
eti\ ; (2) copper plating, generally employed for 
facing priming blocks^ and coating non-metalHc 
.substanoes prior to gold, silver, or nickel plating; (3) 
.silver jilating, for cutlery and imitation silver ware ; 
(4) gold plating, for ornamental work, and to a 
limited extent in the chemical industry, for lining 
the apparatus in which highly corrosive adds Bffe 
rectified; (5) “brassing*’ or conjoint deposition of 
zinc and coi)per in the proportions which constitute 
that alloy of these metals, called brass. Deposits of 
several other metals are obtainable, including 
aluminium, cadmium, antimony, btsmuth, cobalt, 
iron, lead, and magnesium; and the principle of 
electro-deposition is employed for the separation 
of certain metals in the analysis of complex ores. 
The process of plating may be divided into two 
scction.s : the cleansing of the goods to be plated, 
and the x>rcparation and management of the plating 
Bath, as the solution of the metal to be deposited ia 
known technically. Cleansing consists in removing 
all grease, dirt, and scale, or oxide, by means of caustic 
alkali solution or acid j^ickle. The latter must not be ' 
used for lead, tin, or pewter. Iron is usually pickled 
in a solution of vitriol. For brass, Dipfinh acid ia 
often employed, being a mixture of nitric acid (aqua- 
fortis) and vitriol. In this way the goods are 
Brightened immediately before plating. In some 
cases it is necessary to prepare the goods l3y Soften- 
ing, which is xe^ly amalgamatuig slightly with 
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tnerciiry; a cyanide scour is also employed some* 
times, tbe object in all cases being to ensure the 
more perfect adhemon of the metallic deposit. For 
steel a muriatic acid pickle is usually employed* In 
the cleansing process, scratch-brushing is often used 
to produce a smooth sui'face, assisted by scouring 
with pumicestoue. The quality of the plating largely 
depends on the way the surface is prepared. and 
cl(^nsed| the articles being immersed in the bath 
iminediately after cleansing and dipping. If a matt 
surface or dead lustre is desired, the goods, after 
oleansing and scratch-brushing, must be specially 
di]^ed, before plating, in a bath:of aqua-fortis, vitriol, 
and a little white vitriol (zinc sulphate) and common 
salt. As this method is most applicable to copper or 
its alloys, other metals should be coj^per plated, and 
then prepared for a matt surface as just indicated. 
(6) The “ bath when made may be worked either 
hot or cold. Its compo.sition dcpcaids on the articles 
to be plated, the current employed, and several minor 
factors which are determined by the indiviflual work- 
ing conditions. '/Iiere arc generally two brass rails 
round the top the trough containing the plating 
bath, connected severally with the -f- and — poles of 
the battery or dynamo, and insulated from each 
other. By laying rods carrying the anodes on one 
rail and the cathodes on the other, the disposition of 
the articles in the bath (relative to tlie anodes, 
depth of immersion, etc.) can be adjusted so as to 
obtain the best tlo]>osit. Kicliel Plating is one of the 
sim])lest and easiest managed methods of plating. 
There are about sixtitem methods of preparing the 
“bath,” which is usually worked hot; about 
100® F. But in almost all cases the double sulphab* 
(or chloride) of nickel and ammonium is the basis. 
Salt, sal-ammoniac, benzoic acid, etc., may be added, 
and are considered advantiigeous by various operators. 
Cast nickel plates are n.sed for anodes, and care must 
bo taken that by no chance shall the goods to be 
plated come in contact with the anodes. The cuirent 
should be carefully regulated, as if too strong the 
deposit will be dull or “burnt,” and if too w^eak, 
granular. The latter is a serious objection, as the 
nickel dejwsit will not stand the action of a burnislicr, 
being of a brittle nature. For the same reason the 
surface must be carefully prepared before plating, to 
ensure the deposit being of the desired nature. 
Capper Plating : The bath is usually an acid solution 
of the sulphate or acetate of copper, containing also 
cyanide of potassium. For zincs and ceitain other 
articles an alkaline bath is used. Either hot or cold 
baths are used, the temperature for the former being 
110® to 130^ F. For iron, plain dipping without the 
passage of a current is sometimes adopted. The 
anodes are plates of copper presenting a surface at 
least equal to that of the goods to be plated. The 
hot bath is more rapid than tlie cold, and is specially 
suited for ajiicles which are difficult to clean. Small 
articles should be kept agitated in a ladle or 
“ trussed ” on a wire. Silver Plaivtuf : The tloublo 
cyanide of silver and iiotassiura is n.sed for the bath, 
prepared by dissolving nitrate of silver and cyanide 
of potash in water. Cold baths are mostly used for 
large articles and heavy deposits, and hot baths for 
amall aiiiicles, and especially for tin, lead, zinc, iron, 
or steel goods, with a fairly strong current if constant 
•agitation is adopted. For the best electroplate a 
preliminary amalgamating dip or else a “ whitening ” 
bath is almost always practised {vide mtpra'), Tlie 
TOth itnprovesi with working, and if portions of an 
old bath oimnot be utilised in maki ng up a fresh 
one, a blui^ yellow deposit may be anticipated till 


tbe bath has aged a little. Silver foil or plats is 
used for tbe ai^Of which should bava a •meeyish 
appearonoe when the current is passing* Tr 
there is not enough cyanide present ; if white, there 
is too much, and silver cyanide must be added un1$ 
a grey anode is obtained. Too strong a carrent 
prepuces a black deposit ; a weak current yields a 
fine and dense deposit. A weak current and 
lengthened immersion produce a coating whidh 
burnishes far better than that from a strong current 
and quick plating. Gold Plating : A hot bath is 
customary at about 170® F., the cold method only 
being used for very large objects, such as chandeliers, 
but it needs much caro and attention. The double 
cyanide of gold and potassium is used for all baths. 
The anode is generally platinum foil. Gold baths 
require considerable variation in composition for 
different metals. A universal bath is seldom a 
success. Exc^e.ss of cyanide causes very slow plating, 
and the colour of the deposit ranges from green to 
red, according to the strength of tbe bath. This 
factor is also controlled by regulating the area of 
platinum anode exposed in the bath in a way which 
would be impossible witli gold anodes. The greater 
the surface of platinum anode in the bath the redder 
the deposit. Gold plating is often applied only to 
selected portions of an article. To effect this a 
stopping-out varnish is used on tbe parl;8 to be 
protected. Brassing: There are numerou.s methods 
of preparing baths, some eighteen recognised 
formulae being practicable. Cyanides of zinc and 
copiHjr, in conjun«'.tion with liquid ammonia or bi- 
sulphites, form the foundation of the majority, 
arsenious acid being used occasionally to brighten 
the coating, but only miuutc quantities are per- 
missible, if deemed desirable. The chief difficulty 
is maintaining a deposit of uniform colour. A de- 
ficiency of current increases the copper, giving a red 
bm.ss, aud an excess brings up the zinc, resulting in a 
blue or pale brass. The amount of cyanide is also 
important. The anodes are brass plates, and all the 
articles must be kept at equal distances from them 
w’hcn plating. Hot baths arc usual at about 135® F. 
(except for lead at 90® F.) Agitation is generally 
to be avoided. After all kinds of plating, the goods 
are rinsed in water, washed in boiling water (and in 
the *0080 of brass goods in lime water), placed in saw- 
dust, and sometimes stove dried. They are then 
burnished (if permissible) and buff polished. 
Anodes should always be removed from the bath 
whx3n not plating, and the current should be started 
as soon as the articles are immersed, to avoid standing 
in the Ikth before plating. DiliKCT COLD PLATING 
or Friction Plating solutions have been introduced 
quite recently which contain no cyanide or other 
poisonous ingredient. They are essentially composed 
of very finely divided, precipitated chloride of silver, 
in the presence of excess of t^ommon salt, mixed 
with an abrasive, such as emery, rouge, or putty 
powder. By rubbing the solution on to copper, brass, 
bronze, etc., with a piece of clean flannel or cloth, a 
thin coating of pure silver is dei>o.sited. They do 
not lend themseh’es well to rough or ornamental 
surfaces. 

Eleotroscope. An instrument for detecting small 
charges of electricity. The usual form consists of 
two pieces of gold leaf suspended from a cunduoting 
rod, so as to touch each other t hroughout their whole 
len^h when at rest. On connecting the conductor 
of the instrument to a charged body, the leaves 
becofne charged, and repel one another. A better 
form consists of a single narrow strip of gold leaf 
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which when at rest hangs vertically, in contact with 
an upright rod, to which it is attached at its upper 
end. The portion of the rod carrying the gold leaf 
or leaves is enclosed either in a glass case or in a 
wood or metal case provi<led with glass windows, 
tlirougb which the divergence of the leaves can be 
observed. The rod must be carried on a support 
which insulates it from contact with the case; 
the latter is connected to earth. 

Electrotype Plates (PWjt/.') A replica of type, 
woodcuts, etc., forming a printing surface. Produced 
by a galvanic deposit of copper which is afterwards 
backed up with an alloy. 

Electmm (3/ci.) (l) An. alloy of gold and silver, 
of the colour of amber, u.sed by the ancient Greeks 
and Romans. (2) An alloy of copijcr, zinc, and 
nickel. (3) Native argentiferous gold, coiitaiiiing a 
large percentage of silver. 

Element (Chem.) A substance which the chemist 
cannot, by any of the means under his control, resolve 
into two or more simpler substances. Among the 
best tests of the elementary nature of a substance 
are: (1) The effect of heat ; the substance should 
not be decomy)Osed. (2) Tlic effect of au electric 
current ; it should n(Jt undergo clectrol\sis. (3) Its 
spectrum ; it should not c<uitain a line or baud 
exhibited by any otljcr substance. (4) Tt should 
have, as a rule, a definite position in the periodic 
system. (5) Its behaviour on treatment with other 
substances, such, for example, as carbon, oxygen, 
chlorine, etc. 

Elements (ATcfcuro?.) The different items by which 
the total meteorological condition of the atmosphere 
is represented. These are : temporature, pressure, 
humidity, ijrecipitatiou, evaporation, wind, cloud, 
electrical and optical conditions of the air. 

Elements of an Orbit (Astron.) Quantities, seven 
in number, which des<Tibe an orbit of a planet 
accurately, and from which the pi, -mot’s place can be 
found at any given time, past, present, or future, so 
far as the attraction of the sun alone is concerned. 

Elemi (JSotany'). Canarium comviviie (order. 
Bwrseractso!'). A resinous sub.stance used in 
pharmacy. Manila Elkmt is .said to be the 
exudation from the stem of the above ]>latit, while 
American Elemi is obtained from Jivrsera 
mifera. 

Elephant (Print.) A size of paper measuring 
30 by 23 inches in printing, and 28 by 23 inches in 
writing and dravring papers. 

Elers (Pot.) Elcrs ware was first made at Brad- 
well, Staffs, by John Philip Elers, about 1690. The 
ware is a red pottery of finf3 texture and careful 
execution. Elers vras the first to introduce salt 
glazing into England. This is done by throwing salt 
into the fires when the kiln is at its hottest. The 
fumes given off combirtc chemically with the surface 
of the ware, causing a glaze to form upon it. 

EleYation (Bng., linild,^ etc.) A view of an 
object as seen by an observer .standing in front of 
the particular side represented. Thus Fbont Ele- 
vations arc views of the front of a building ; End 
Elevations are views of the end, etc. 

Elevation Craters (Geol.) Most volcanoes occur 
within areas undergoing upheaval. The older 
geologists, noting this Fact, were led to regard 
the conical form of volcanoes in general as having 
been due to local elevations caused by subterranean 
movements. Volcanic cones are now regarded as 


having been built up by the long-continued aooumu- 
iation of lava streams and beds of tuff. 

Elevators (Eng^ A series of buckets attached 
to an endless belt or chain for mising solids,, 
etc., from one level to another up an inclined 
plane. The ascending buckets pass through a boot 
or hopper in which they scoop up a charge of material 
and discharge their contents as they begin to descend 
ejg, dredger buckt^ts. 

Elgin Harbles (Sovlp.) The most notable and 
valuable collection of ancient Grecian sculpturea 
extant. They were brought from Greece by the 
seventh Earl of Elgin, and were purchased from him 
for the British Museum in 1816 These sculptures 
formed part of the adornments on the buildings of 
the Acropolis, Athens, and include many designs by 
Pheidiiis from the Parlhenon or Temple of Athena.. 



The most important of these are the figures of 
Theseus or Hercules, Tlissns, and one of the horses 
of Night; liftejt;n Metope.s in liigh relief, ref)rc8entijig 
the battle of the Centaurs an<l Lapithse, ; and a laryre 
portion of the exquisite frif‘ze on the outer walls of 
theCclln, representing the procession to the ParthenciTi 
during the ranathen.-iie festival. 

Elizabethan Architecture. Set- Renaissance 
Architecture. 

Ellagic Acid (Chew.}, C\,n/) 9 . A compound pro- 
duced by the oxidation of gallic acid. It occurs in 
the oak bark, together with gallic acid and tannin ; 
it sej»aratcs out during the yjrocosses of tanning. 
See Bloom. 

Elland Stone. See BmLDiNG Htones. 

Ellipse. A curve symmetrical about two axes at 
right angles, and such tliat if P be any point on the 
curve, and A, B, two points on the longer or Major 
Axis, which arc termed the Foci, then AP + B? is 
com^tant. The curve may be obtained by cutting 
right across a cone, at an angle with the base. 

Ellipsoid. A solid whose three principal sections, 
taken at light angles to each other, are ellipses. 

Elliptical Arch (Jiuild.) An arch having the 
curve of a 8emi-(dlii».se, 

Elliptic Comets (Ajdron,} The paths of comet.s 
are either elliptic, parabolic, or hyperbolic ; there are 
about eighty-five (in 1902) which travel in elliptic 
orbits, and are called by the above name. 

Elliptic Trammel. A device for drawing ellipses. 
A straight rod carries a pencil and two studs pro- 
jecting at right angles to itself. The studs slide 
in two straight slots at right angles to one another. 
Eacli .stud travels along one slot, i.e. in a straight 
line, and the pencil then describes an ellipse. 
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Elm* fhe Woods. 

Elongated {'^ypog.) A style of type of increaseS 
l)eigbt in proportion to the normal width. 

Elongation (Agtron,) The difference between the 
oelesti£u longitude of a body and the celestial 
longitude of th^ sun. 

Elation (Chem» Eng,) A process for recoyering 
sugar from molasses. 

Elutriation {Cheni., etc.) Tim separation of a 
lighttjr fnjm a heavier powder by washing away the 
lighter one. 

Eliran {Qeol.) A name used by the Cornish 
miners, as well as by many geologists, for the dykes 
or wall-liko masses of intrusive rocks allied in compo- 
sition to granite, which rise through the older rocks 
of Cornwall and Devonshire, mostly in the neighbour- 
hood of the large granite masses of those parts. 
Most elvans are, litliologically, quartz porphyries, 
but a few are more of the mature of porphyrites (q.v.) 

Elzevir. Thc^ame applied to books printed by 
tlie Klzevicr (liat. Ehevirius) family at Amsterdam. 
The Hague, Leyden, Utrecht (1692 — 1680). The 
most valued are their editions of the classics, whhdi 
are notable for tlicir accuracy and for the elegance 
and neatness of the type. 

Embankments {Ciml Eng.) Masses of earth 
(obtained in excavation) raised above the level of 
the surrounding land : they serve to carry roads and 
railways, and as sea walls, river walls, etc. 

Embattled (ArchUccl.) Having battlements. One 
of the enri<di(*.(l mouldings used by the Normans is 
knowi! as the embattlcsd iiuiulding, as it is carved to 
rei»resent DATTLJiMBNTS (y.r.) 

(//>T.) On<? of the <lividing lines of a shield, 

in form like tlu; battlements of a castle. The angles 
are right angles. 

Embedded Conductors ( Elect. Eng.) Conductors 
on an armature of a dvnamo or motor which run 
through grooves or channels in the iron core. 

Embolite {Mm.) Silver clilorobromide, Ag(ClBr) ; 
cubic; colour, asparagus green. It occurs in Chili 
in some (juantity, also in Mexico and in Honduras. 

Embossing. Ornament executed in relief, gener- 
ally on a wrought suiface. Applied also to carving 
or moulding done in relief. 

{Leather Manvfac.) Printing or embossing 

certain grain marks on skins by means of hot plates 
or rollers. 

Embouchure. (1) The mouthpiece of wind instru- 
ments. (2) Th(» position of the lip, etc., of performers 
on wind instruments. 

Embowed or Fleeted (Ifcr.) Curved or bent- 
It is employed for cliarges, as a fesse “embowed” 
instead of straight ; or of some ])arts of the human 
body, such as the arm, ami it is the position in which 
a fish is generally depicted. 

Embrasure {Architect.) An opening in an em- 
battled parapet. See Battlement. 

Embroidery {Lace Manvfac.^ etc.) Ornament on 
a fabric of any description, done either by hand 
with a needle, by the aid of a sewing machine, or by 
means of the embroidery machine. The foundation 
or tgbric that is embrendered may be of such charac- 
ter as to be considered part of the scheme or design ; 
or it may serve merely as a base until the work is 
completed, e.g. ‘ Burnt Out ’ Laos (g.v). See also 
Bayeux Taprstry. 


Emerald {Min.) This well known bright green 
gem is a variety of beryl {q.v.) It is found in 
Siberia, Hindustan, Brazil, Norway, in the Ajades, 
etc. 

, Brazilian {Min.) A green transparent 

variety of Touimaline {q.n.) 

Emerald Copper {Mm.) A synonym for Dioptase 
(?•»•) 

Emerald Green {Dee.) The brightest pigmentary 
green. Its hue is almost identical with spectrum 
green. See Colours (I^igmunts, etc.) It contains 
a large proportion of arsenious oxide, and, being 
poisonous, its use has declined in recent years. It 
cannot be mixed with pigments containing sulphur, 
such as ultramarine, cadmium yellow, etc. In the 
United States it is called PARIS Gbeen, and is 
largely used there as an insecticide. 

Emerald Nickel {Min.) A hydrous carbonate of 
nickel, NiCOj * (IHgO. Oxide of nickel = 69-4, carbonic 
acid — 11-7, water = 28‘9 per cent. Colour, emerald 
gn^en. It occurs as an incrustation on decomposing 
nickel ores. Shetland, and Texas and Pennsylvania 
in the United States. Also called Zaratite. 

Emery. The rough massive varieties of Corun- 
dum {q.v.) ; much used as an abrading agent. The 
emery of (‘ommerce often contains microscopic 
crystals of sapphire. Powder of vary ing degrees of 
fineness is obtained by crushing the mincTal. It is 
used in the form of powder for grinding hard 
stirfaces, or is formed into solid hones or into small 
wheels for sharpening tools of hard steel (such as 
twist drills, etc.) Found in Asia Minor, the Urals, 
and the United States. See aUo CARBORUNDUM. 

Emery Buff {Eng.) See Emery Wheel. 

Emery Paper and Cloth {Eng.^ etc.) Powdered 
emery attaehcid to pay>er or cloth by glue ; used for 
finishing metal surfaces. 

Emery Wheel {Eng.) A wrheel consisting of 
powiiered emery made up into a solid mass with 
some kind of cemtmi; used for grinding metal 
surfaces and sharpening tools. Wiieels made of 
the liruist emery arc used for polishing ; these are 
termed Emery Buffs. 

EmlBslon or Corpuscular Theory of Light (Phys.) 
An early tlieory that light was duo to a great 
number of very minute particles or corpuscles pro- 
jcct(?d or radiated from luminous bodies or sources 
of light. It is now superscderl by the Wave Theory 
{q.v.X of which tbo Electromagnetic Tlicoiy is a 
development. 

Emperor {Print.) A size of writing or drawing 
paper measuring 72 by 48 inches. 

Empirical Formula (Chem.) See Chemical 

FOKMULAi. 

or Rule. A formula or rule which is based 

on the result of trial or experiment, not on theoretical 
calculations. A very large number of the rules used 
in various trades are of this nature. 

Empress {Build.) A roofing slate measuring 
26 by 16 inches. 

* jf 

Em Quads {Tgpog.) Quadrats or metal spaces 
used for filling oiit short- lines, and cast 1 em (m) 
square to any particular body. 

Em Rules Eules cast on an em (m)of 

any particular body, such as an em dash, — . 

Emulsln {C7iem.) An enzyme {q.v.) It occurs in 
almonds and probably in all plants which contain 
an enzyme capable of hydrolysing glacosides. It 
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can be obtained as a«^bite powder by rubbing 
pressed almonds to a pulp with water, allowing to 
stand till acid fermentation sets in, filtering and 
preoipitating with alcohol. It has the property of 
hydrolysing a laige number of gluoosicles (q,v .) ; e.ff. 
amygdalin, salicin, arbutin, etc,, and it is remark, 
able that it hydrolyses milk sugar. See Amygdalin. 

EmnlBion (Photo.) A sensitive salt of silver held 
in suspension (in a very fine state of division) in 
collodion or gelatine. 

Emya (Zoology). A genus of pond tortoises found 
in South Europe and in North America. They are 
eaten by the natives of the countries in which they 
live. 

Enamel* The manufacture of enamel reaches 
hack to prehistoric times, examples having been 
discovered in this country dating back to tlje Iron 
Age, while the Babylonians have h^ft many specimens 
on their enamelled bricks. Enamels generally con< 
sist of a vitreous base, rendered more or less opaque 
by the addition of cryolite iq.v.) or fluorspar, colour 
being obtained as a rule by the addition of various 
metallic oxides. Enamels arc usually applied either to 
pottery or metals ; in both case.s the enamel is caused 
to adhere by fusion. Champlev:^ Enamelling : 
The design is drawn on a copper plate, all the parts to 
be enamelled being excavated and the hollows filled 
in with enamels, which are fused and the surface 
then ground smooth. Limoges, in France, was for 
centuries the chief centre for this kind of enamelling. 
Cloisonne Enamelling : The flesign is outlined by 
means of metal strips fixed on edge to the surface to 
be treated ; the spaces between the strips are filled in 
with enamel, which is then fused and ground smooth, 
as in the preceding case, Exam]>les of ti’is kind of 
enamel are to be found in early Byzantine work, 
Tbanspakent and Translucent Enamels were 
used by the Italian goldsmiths in the thirteonih 
centmy. Enamel Fainting : This art, practised 
largely in the sixteenth century, is now rarely 
employed except for utilitarian jmrposoK, such as 
names of streets, notices, advertisements, etc. 

(Cycle'). The “body'* of the enamel is 

some resin, amber, or asphalt. This is dissolved in a 
solvent consisting of turpentine and boiled oil. Each 
coat is hardened by heating in an oven before the 
next is applied, 

(Dec.) Paints drying with a highly glossy 

surface, made in a large variety of colours by mixing 
a xdgtaciit such as zinc oxide with copal varnish and 
other tbinners (q.v.) The use of this class of paints 
has increased considerably of late years, both for 
inside and outside work. See Enamelling. 

(Glaee Manvfao.) Coloured glass in wdiich 

an excess of colouring agents are present, causing 

opadty. 

(Pot.) Enamel colours are those containing 

soft fluxes that will melt and become affixed to the 
glazed ware in the enamel kiln (q.v.) 

(Zoology). The substance forming the cover- 
ing to the teeth. It is very liard^ and has but little 
organic matter in its composition. 

Kiln (Pot.) This difiers in construction 
>|rom the bisque and glost ovens, being of tlae Muffle 
lorm ; that is to say, the flues encircle the inner lining 
of the kiln, and the heat is communicated to the 
ware by radiation, not by contact. It is used for 
firing painted and gilt wares. Seo alto Pottery 
*ND Porcwlaik. 


Enamelled Leather (Leather Mani(fao.) Known 
is PATENT Leather. The leather is coated with a 
varnish, and then lieated. The varnish may be made 
any colour with metallic pigments. This gives the 
leather a coating similar to enameL 

Enamelling (Dec.) The process of painting wood 
and other work with an enamel giving a veiy glossy 
surface. In the best work at }cast six undercoats 
are given before the enamel is applied, and each is 
carefully rubbed down with fine sandpaper before 
tbe next is applied. In common work enamels are 
sometimes applied directly ux)on the ground, but this 
results in making the inequalities conspicuous. 

(is-V/., efr.) The coating of metal wilh some 

form of varnisli, nsnally of a bituminous oliaracter. 
Jii many cases this is fused or t^TOVEi) by raising the 
whole piece of work to a high temperature. 

( Photo.) The process of impaiting a glossy 

and brilliant surface to a j^rint by coating it with 
collodion or some other * transparent medium, to 
which a smooth surface can be given ; t he term is 
sometimes ai^plicd to the mere burnishing of the 
film by steel rollers, etc. 

Enantiomopphism (^Chem.) Two crystals are said 
to be enantiomorphous when they are composed 
of the sauio ciystallographic eletnenfs (faces, edges, 
angles), so arranged tliat the one is the mirror image 
of the other ; that is, thr* one crystal cannot by any 
X»roccss of changing its position or by rotating it in 
any way be brought to congruence with the other. 
The right and loft hands are enanlioniorjjhons. 
Crystals of optically active substances are enan- 
tiomorphous, one crystal corresponding to the 
dextro compound and the other to the l®vo 
compound, 

Encastr^ ( Sng.) A beam whose end or ends are 
built into a wall is said to be Enenstrei. 

Encaustic. See Painting (Methods). 

Encaustic Painting. See Painting (Methods). 

Encaustic Tile (Jluild.) A cclourod, baked, and 
glazed tile. 

End ( Textile Manvfac.) A warp thread. 

Endellionite (Min.) A synonym for Bournonite 
(q.v.) 

Endemic (Tlygiene). This'term indicatc.s a disease 
affecting a number of persons in a paiticular district, 
the cause being largely due to local cinnimstauces. 
Of examples we have* cholera in certain parts of 
India and smallx)OZ in the Soudan. 

End Grain. The surface of timber which is at 
right angles to the direction of the grain— /,<?. a cut 
across the log or plank. 

Endless Paper (Print.) Paper used in rotary 
macliincs, supplied in reels, as distinguished from 
paper in sheets. 

Endless Rope or Chain (Eng.) A common ex- 
pression for a chain or rope with its ends joined 
together; often used for transmitting power, as 
in a cycle or an overhead crane. 

End Links (Eng.) T.inks of slightly greater 
strength than the ordinary links *of a chain; added 
at tbe ends for welding ux> when the chain has to 
be connected to any other object. See alto Bh utting 
Links. 

End HeaBurement (Phyt.^ Eng.^ etc.) A measure- 
ment of length made by means of contact witii tbe 
extreme end of the object. Callipers, screw gauges, 
and the Whitworth measuring machine all give end 
measurements. * 
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Bttdtteavp ^JManyy The Stonb or innermost 
layer of the pericarp of a drnpe (^.e.) The shells^ 
of the walnut, coooanut, and almond are the endo- 
carpa of drupes. 

Bndospenn (Botany). The tissue containing food 
substances (starch, proteid, oil, or cellulose) in 
certain seeds. See Albumen. 

Endothaliam (Zoology). A form of squamous 
epithelium lining the body cavity and blood vessels. 

Endothermic Compounds (Chem.) Compounds 
formed from their elements with absorption of heat. 
Most endothermic compounds cannot be formed 
•directly from their elements ; in such cases the 
*heat of formation is obtained by calculation. 
Hydriodio acid, carbon disulphide, acetylene, the 
oxi<ies of nitrogen (N„0 and NO) are examples of 
endothermic compounas. 

End Papers (Binding). Usually known to the 
public as Fly Leaves. Tlie white or coloured 
eheets placed by the binder at the beginning and 
end. of a volume, wne half beiTig pasted down upon 
the inside of the cover. 

Endromis (Archtpol.) A thick warm wrap, used 
principally by Greek and Roman athletes to prevent 
them from taking cold after exercise. There are 
frequent representations in classical art. 

Ener^ (Pln/s.) The povA cr or capacity for doing 
work. See Kinetic, PoTEisTiAL, Radiant Energy, 
etc. 

Engaged Column (ArcJtUeet.y A column attached 
to a wall and projecting not less than half its 
dianicler from the wall face. 

Engine. (1) In the older uses of the word, any 
piot’.e of mechanism. (2) A piece of mec nanism used 
to convert heat or some otlu^r form of energy into 
mechanical wrork; in other words, a machine for the 
development of Power ig.v.) from some source of 
energy, such as coal, gas, oil, compressed air, etc, 

• See STEAM Engine, Gas Encjine, etr. 

Engine Cylinder, etc. (Eng.) Sec Steam Engine, 
-Gas Engine, etc. 

Engine Friction (Eng,) The Friction (y.tt) 
between the moving parts of an engine ; it i.s one 
of the chief causes of loss of power in the engine 
itself. 

Engine Pit (Eng.) A depression or pit into which 
a man can get to examine the lower parts ot a 
locomotive, motor car, etc., which is placed over 
the pit. 

Engine Register (Enrf.^ A counting mechanism 
for showing the total number of revolutions made by 
an engine in any given time. 

Engine Sized Papers (Paper Manvfac.) Papers 
seized by the addition of resin, size, or other sizing 
materials, in the beating engine. 

Englant^ ( Her.) See Fructed. 

English Bond (Build.) A wall showing alternate 
'Courses of Headers and Stretchers (g.v.) on 
the face. 

English Degrees. See Descboizilles. 

Engobe ( Pot.) A term applied to a white paste or 
pipeclay found on ancient pottery. 

Engrailed (Her.) .A divisional line formed of 
.semicircular indentations with the points from the 
figure. See under Heraldry. 

Engraving and Etching. The term engraving is 
necessarily comprehcnBi\'e, since one may engrave 
upon almost any material-^metal, wood, glass, shells, 


and even the soft plaster o&the gable of a house, 
which latter process, called sgxafilto, is really a kind 
of engraving. For the various methods of engiawinx 
upon metal plates, steel, copper, and zinc are most 
commonly used ; the latter, however, only for ooai^e 
kinds of work, zinc being a very soft and porottU 
metal. The processes employed in engraving and 
etching are intimately associated, and may be said to 
overlap each other, since most engravers make use 
of an etched line as a foundation for subsequent 
work with the burin, or graver, while *on the other 
hand many etchens employ the burin as an adjunct 
or auxiliary to their etched work. The chief difiEer- 
ence between the two processes is that while en* 
graving implies the cutting or gouging of lines or 
spots by means of a sharp instrument, etching 
consi.sts of biting or eating into the jjlate by means 
of acid or other chemicals. The result in each 
instance is essentially the same, a series of lines or 
other disturbance of the smooth su^rface of the 
plate, making an intaglio capable of bolding printer's 
ink, from which a proof may l^e taken by pressure. 
Line Engraving i Tine engraving does not appear 
to have been pra(‘.tised as a fine art before the be- 
ginning of the fifteenth centuiy. It was largely 
employed for the illustration and embellishment of 
the earlier printed books, both in Germany and Italy* 
and afterwards as a means of reproducing pictures 
and other works r)f art. At. the present time the art 
of pure line engraving is almost extinct, mainly 
owing to the length of time necessary to complete a 
plate, an important engraving on a steel plate not 
unusually occupying five yiMrs or even longer. The 
line produced is clean cut, even, and necessarily, 
from the method employed, somewhat severe, in this 
rvsi»ect conti listing with the greater freedom o£ the 
etc lied line. Printing of Line Engraringe : After 
being inked, the surface of the plate is wiped clean, 
the ink being left in the lines. The procc.ss em- 
ployed in tlie printing of etchings, called “retrous- 
sage,” is not employed. The impression stmek off 
on paper is called an “ Engraving.'* Mezzotint ; 
This is a process by which the ground of the plate 
IS entirely broken up by means of an instrument 
called the rocker or cradle. It raises a buiT in such 
quantity as to give a rich full black in the proof. 
'! he plate is rocked from all possible angles— an ex- 
trcimely tedious process, forty different ways making 
a full ground. The ground is lowered for lighter 
tones by means of hcrajiers, the highest UghtB 
being polished with the burnisher. The ground is 
left untouched for the darkest shades. Pure mezzo- 
tints are prodiujed entirely by means of the rocked 
ground and scraping. It is, however, a common 
practice to etch tlie outline of the subject first, and 
afterwards to have the ground rocked. The prints of 
'rumer’s famous "Liber Btudiorum” were executed 
in this manner. Turner himself etched the outline or 
skeleton with a strongly bitten line, and trained 
engravers to carry out the mezzotinting. Mezzotint 
engraving was invented by Ludwig von Bicgen, an 
officer in the service of William VI., Jiand^ave of 
Hesse-Cassel. Von Siegen communicated Ids secret 
to I’rince Rupert,# who introduced the art into 
England, and exei*uted a number of plates, the most 
famous of which is “ The Great Executioner,” after 
Spagnoletto (IGfiK). The g(dden period of mezzotint 
was between 1770 and 1800, when the principal 
paintings of Reynolds, Romney, Hoppner, and c^ber 
artists were engraved in the most superb manner. 
These prints command a large price at the present 
time. EiTPPLB EngBAVIKG : This process is an 
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elaborate njstem of dots, no lines being used. The 
dots are arranged in su2h manner as to express the 
planes and modelling of the subject. In this pro- 
cess etching is employed as an adjunct or rather 
as a foundation for subsequent work with the burin, 
the dots being etched on a ground by means of an 
acid, and afterwards added to and deepened with 
the burin. The point of the stipple graver is btint 
doumwardSf this being the best shape for picking 
into the dots. For line engraving the burin is 
curved vpwards at the point. Both bitten and cut lines 
are occasionally used in conjunction with the dots. 
Stipple engraving was introduced into this country by 
William Wynne Eyland(17S8 — 1783). He acquired 
the art in France, where it had just been perfected by 
Jean Francois. Bartolozzi was one of the most success- 
ful practitioners of this method. Both mezzotint and 
stipple engravings were frequently printed in colours. 
Wood Engravino: Tlic chief difference between 
metal and wood engraving lies in the fact that while 
in metal engraving the lines are represented by 
gprooves cut in the metal, in wood engraving t/ie 
gpaces hetn'een thr lifirs are cut away, leaving the 
lines in relief. This necessitates a very different 
method of printing, since in the case of motal the 
lines or grooves are tilled in w ith printer’s ink, and 
the surface of the plate wiped clean ; whereas on 
wood it is the surface only of the block, represented 
by the linos in relief, which is inked. The tool 
employed is tlie graver, used in the same way as for 
metal. The earlier wood engravers made use of a 
small knife. Flat “ scaupers ” are used for clearing 
away spaces between the lines. The wood is usually 
box, all hough maple, plane, apple, pear, and beech 
are occasionally used for various kinds of work. 
The art of wood engraving originally came from the 
East, where it was practised by the Chinese from a 
very early period. Different forms of wood engraving 
have, however, been practised at most periods of the 
world’s history, wood stamps being extensively em- 
ployed by the Egyptians and Homans for tliC 
stamping of bricks and other materials ; and wood 
blocks were also used, and are still used, for the 
stamping of printed fabrics— in fact, this is the 
process which William Morris employed at his works 
at Merton Abbey. Broadly speaking, tlie practice <»f 
wood-engraving as a fine art is cr/Cval with the 
invention of printing, and from the earlier part of 
the fifteenth century onward most printed books 
were embellished with wood cuts, some of whi(‘h 
attained a very high <legrce of excellence. Wood- 
engraving perhaps touched its high water mark in 
the hands of Diircr and Ilans Burgkmair. From the 
beginning of the seventeenth conlury the art gradu- 
ally declined ; but the eml of the eightoentli century 
was destined to witness a remarkable revival at tlie 
hands of Thomas Bewick, Blake, and otliers. Cheap 
modem ** processes *’ have now almost completely 
superseded wood-engraving jis a means of repro- 
duction; but within the past few years there has 
been a distinct revival of this means of original 
expression, and an effort is being made to recall 
the best principles of the art. The late William 
Morris would have nothing whatever to do with 
^process,” and all the illustrations of the famous 
Kelmscott Press were engraved, not indeed by the 
artists themselves (although Morris extjcutcd several 
blocks with his own band), but by a capable artist 
who was perfectly in sympathy with the great 
traditions the art. Original wood engraving is 
now being practised by a number of artists of 
distinction. In France it is the chief means of 


expression of one of tbe greatest of living craftsmen^. 
M. Lepere. 

Etohikg. 

The meaning of the word etching is to eat or 
bite in, such biting being accomplished by 
of some corrosive acid. A metal plate (usually 
copper) is covered with a “ground" formed of 
a thin coating of wax, capable of resisting the 
action of the acid. Tlie subject is drawn upon the 
ground with a needle point, just sufficient pressure 
btung used to remove the ground and lay bare the 
metal The plate is then immersed in a bath of acid, 
which attacks only the lines drawn upon the plate. 
Linos of varying thickness are obtained by regulating 
the duration of the immersion. The fine lines are 
.stopped out by means of a varnish applied to these 
lines, the stronger lines being obtained by again- 
immersing the plate. The back and edges of the* 
plate are also protected from the acid by means 
of such varnish. I’he printing of an etching requires 
considerable skill, very different results being ob- 
tained from the same plate in different hands. The 
plate is first heated, and the lines are filled in by 
means of a dabber, appl iod with a rocking motion to all 
parts of the surface, the superfluous ink being wiptid 
off with muslin. The process called retroussage is 
then applicrl. This consists of passing soft muslin 
lightly all over the plate, especially in those parts 
requiring force, gently dragging the ink over 
the edgc.s of the lines, and thereby softening them. 
It is precisely this j»rocess which requires su[)eTior 
skill and judgment, and it is tins process which con- 
stitutes the difffjrence in the printing of an etching 
and a steel engraving. AgUATlNT : This is a pro- 
cijss by which the acid Is allowed to attack large 
portions of the plate instead of lines. It is really 
etching by tones, an»l produces something of the 
effect of a wash drawing in Indian ink. The plate 
is only partially protoctod by a ground com])Osed of 
asphaltuTu dust or resin dissolved in spirits of wine. 
The spirit evaporates, and leaves a tliin even coating 
of dust or grain. Tlie acid attacks the plate in the 
interstices, producing a fiat tint. The variations of 
forms and tones are obtainvjd by stopping out, as in 
etching. The tones may be liirtbcr varicfl and mocli- 
fi(»d b}" means of the huinishcr. The etched line may 
be used in conjunction witli aquatint, and in some 
aquatints an outline is first etched to give force and 
character to the work. Soft Gkound Etching : 
In tliis process the ordinary etcliing ground is used,, 
mixed with about half its weight of lard, more or 
less, according to the temperature of tlio air. The 
ground is laid with a dabber in the same way as an 
ordinary etching ground, and afterwards smoked with 
a taper. Thin paiKT is strained on the plate when 
ct>kl. The drawing is made on tlie paper with a lead 
pencil. On removing the sheet, the paficr takes up* 
the varnish which adheres to it. The plate is then 
bitten in the usual way. The paper employed should 
have some grain, as a smooth paper gives no rchult 
whatever. The print whidi Is obtained gives some- 
thing of the 'appearance of a lead pencil or crayon 
drawing. Diiy Point: I’hooretically this is the 
simplest of all forms of engraving, since nothing but 
a metal plate and a hard cutting x^oint is needed. 
The actual practice, however, is far from simple. The 
design is drawn upon or cut into the bare metal witli 
a point sharpened to a flat cutting edge. The point 
not only ploughs into the metal (copper usually), but 
raises a ridge or burr which catches the printer’s ink 
and gives a soft, velvety effect in the proof. The 
amount of burr raised by the etching point depends. 
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as much upon the angle at which the point is held 
as upon the amount of pressure exercised. A point 
held at an angle of, saj, 45° will gi^e more burr than 
that held perpendicularly with the same amount of 
pre#-sare. Dry point plates will not yield a large 
number of prints, even when the plate is steel faced, 
as ilto burr wears away. Dry point is employed as 
an auxiliary to the bitten line, and elaborate etchings 
are generally finished with the dry point ; but in this 
case the burr is removed by means of the scraper. 
Raxd Gbain : This process is used by some etchers 
witii good results, but always as an auxiliary to the 
etched line. A ground is laid as for etching ; a sheet 
of sandpaper is then laid face downwards on the 
plate, which is passed through the printer’s press 
with sufficient pressure for the grains of sand to 
pierce the pound, Tlie plate is then stopped out 
and bitten in the usual manner. Subjoined is a list 
of the more famous of the earlier engravers and 
etchers : 


^ Italy. 

Born. 

Died. 

Andrea Mantegna 

14,H 

1500 

Botticelli .... 

14:i7 

1.515 

Maro-Antoiiio Raimondi 

14H() 

1530 

Parmigiano .... 

irm 

1540 

Ralvator Rosa 

IfiH 

u;78 

Canaletto .... 

1(197 

1708 

Gkbmany. 

Martin Sclumgauer 

1420 

1499 

Albrecht Diirer , . ^ . 

1171 

1620 

Hans Holbein . . ' , 

1494 

1643 

Burgkniair (wood) 

147:i 

1531 

Alhlorfer . ... 

14H0 

1538 

Aldcgrever or Aldcgraf 

1502 

1558 

Holland. 

Rem brant .... 

lfi07 

1009 

Adrian van Ostade 

IfilO 

1685 

David Teniers 

1010 

1694 

Paul Potter .... 

l(i2.5 

1054 

Ruv«idael .... 

1025 

1081 

F. Bol 

1011 

1081 

Flanders. 

Lucas van TiCydem 

1494 

1553 

IT. Goltzius .... 

1658 

1(517 

Spain. 

Ribera (Spagnolctto) . 

15S9 

1650 

Goya 

1716 

1828 

France. 

Claude 

1000 

1682 

Poussin .... 

1697 

1005 

.Toseph Vemet 

1712 

1789 

M^ryon .... 

1821 

18(58 

England. 

Van Dyck .... 

1599 

1041 

Hollar 

1607 

1077 

Prince Rupert (introduced 

mezzotint into England) . 

1019 

1082 

Hogarth .... 

1097 

1704 

Bartolozzi .... 

1727 

181.3 

Sir Robert Strange 

1721 

1792 

Woollett .... 

1736 

1785 

Chromoxylography. 
^ood Block Engraving and Printing 

in Colour. 


As in the case of wood engraving, this art 
came to us from the East. It is quite a recent 
art so far as Western nations are concerned, and up 
to the present the practice of it is almost entirely 
confined to this country. There is a general con- 


sensus of opinion amongst^ artists that the quality 
and texture of a chromolithograph, or indeed of any 
process of oil colour printing, is unpleasant and 
unsatisfactory compared with the beauty of surface 
and quality of a Japanese colour print. A few yearS' 
ago experiments and inquiries were made by a little 
band of artists in London into tho Jaxmnese methods' 
of engraving and printing in colour, with the result 
that a number of very successful prints have been 
produced, and classes have been formed for instruo* 
iion in this branch of art at tlie Central School of 
Arts and Crafts in Repnt IStreet and at other places. 
The Smithsonian Institute of Washington has issued 
a pamphlet giving details of the process, with photo- 
graphs and drawings of tho various tools and 
materials, and a certain amount of interest has 
therefore been aroused in the United States. The 
process is as follows : The wood employed is cherry 
or pear, cut plaiihwUe instead of in transverse section, 
as in the case of box. The design is drawn upon thin 
tissue paper and pasted face downwanls upon the 
wood. A careful cutting along both sides of the 
lines of the design is tlicn made, a small knife 
being used instead of a burin or graver. The knife 
resembles a small chisel sharpened to an angle. 
The wood between the cut lines is then hollowed out 
with curved chisels, leaving the lines in relief, as in 
ordinary boxwood engraving. An impression of this 
i.s tho3i taken upon Japan jjaper. This is called the 
key block, and is usually printed in Indian ink. 
Impressions from this key block are then pasted 
down upon fresh blocks, and the dilferent colours of 
the design cut, necessarily in flat tints. A separate 
block or printing is necessary for each colour, 
although if a particular colour should occupy only 
a portion of the block, another colour may be cut 
upon tho romaining portion of the same block. 
With care both sidoi of a plank may be utilised. 
It is necessary to l)ave a system of iegist(jr marks, 
in order that each print may fall in the right place 
during printing. No mechanical means whatever 
arc vsed in printing. Tlie colours einployod are. 
dry j)owder colours, mixed only with water and a 
lit tie rice j)aste, and applied to the block by means 
of a large flat camel hair brush. Pressure is applied 
by means of a small flat pad or rubber made of some 
kind of soft leather, held in the hand and rubbed 
smartly backwsirds and forwards on the bac;k of the 
pajxjr, which is carefully placed upon the block. 
The paper, which is of a particular quality, made 
from the bark of the mulberry tree, is easily pro- 
curable in London, and should be placed between 
damped sheets of blotting jjaper before being used. 
The paper should, however, be first sized with 
gelatine size applied with a flat brush. — G. W. R. 

Enharmonic Change {Music). The substitution 
of one or more notes for others practically the same ; 
e.g. B for C']j. or Ap for Gjf. 

Enharmonic Interval {Mv^c). One less than a 
semitone. It cannot be obtained on keyed instru- 
ments, such as the pianoforte ; e.g, CJ and are- 
the same note. 

Enlargement {Photo.) A large print (or more 
rarely a negative) made from a smaller one by the 
use of an enlarging lantern. This is a form of 
optical lantern {q.v.) in which the small negative 
required to be enlarged is used in place of a slide, 
and the image is thrown on a sensitive 'surface, such 
as carbon or bromide printing paper. When a suffi- 
cient exposure has been given, the print is developed 
in the ordinary way. 
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Enol Fomi or Enolie Form {Chem,') Gompoimds 
which contain the group — CO — OH, — CO — behave 
in certain reactions as if this group had the consti- 
tution — C. OH CH — CO — ; the latter is called 
the Enol or Enolio Fobh. Examples : Ethyl 
AcetoACBTATB (g'.r.), CH.CO *. CH^ . COOC-H5, be- 
haves in some reactions as if it had the lormula 
CH, . COH =s CH . COOCjHj. Acetoxyl Acetone 
(g'.e.)* CHjCO . CH, . CH3COCH,, in some reactions 
behaves as if it had the formula CH, . COH «• CH . 
CH « C , OH , Cn,. See TJauTOMEEisM. 

En Quads (^Typoq.) Spaces exactly half of an cm, 
so that two en*s (n’s) equal one em (m). 

Enrichment {Architect, and Build.) A general 
term for ornamental devices added to any structure 
♦r design. 

Enrichment of Coal Gas. See Gas Manufagtube. 

Ensilage* A process of preserving green fodder 
for cattle by storing it in a Silo or pit, under pressure, 
without having previously dried it. 

Ensor {Lace Manvfae.) A very ingenious method 
of making net upon the Levers lac;e machine, invented 
by the late Mr. F. K. Ensor of Nottingham. It is 
double warp, and similar in aj'pcarance to Brussels 
net, but neither system of threa<is is traversed. 

Enstatite {Min,) Magnesium silicate, MgSiO,. 
Silica GO, magnesia = 40 per cent. The variety 
Bbonzite contains up to 12 or 14 per cent, of iron. 
In various dull shades of green, grey, and brown. 
Rhombic; also massive and lamellaied. It is one 
of the* ortho-rhombic pyroxenes. Sec Pyboxene. 
From Northumberland and several parts of Scotland, 
Norway, France, etc. 

Entablatare {Architect.) The upper division of 
an order, above 
the columns, 

consisting of — . — r 

the cornice, - » ^ ^ — -—4 

frieze, and riT, i , . 1 j — U 

architrave. See f ^ 

Column, IH 11111 

ABCHITErrUBE 

<Obd£ks op), fl V V M 

OOBNICK, J WjW g 

Fbiezb, Akchi - — - iL i Jm i.ll J I 

TBAVB, and ' ' A>\AAAK 

Bboken En- 

TABLATUKE. 

— — ENTAbLATLltE. ItOMAN DOBIC. 

A plate or 

frame carrying some part of a machine (or other 
.structure) which is fixed at some height above the 
baseplate and supported by struts or columns. 

EstABls {Architect.) The swelling of a shaft 
beyond the form of a truncated cone. The delicate 
•entasis used by the Greeks was just sufficient to 
prevent the shaft looking hollow, the curvature of 
the columns in the Parthenon being aix)ut ^ inch in 
31 ft. In Roman work the entasis is obvious, instead 
of being hardly perceptible as in the case of the 
^reek columna See Abohitectube, Obdebs of. 

Ente {Her.) Various forms of dividing lines 
.similar to indented lines, but curved instead of 
jmgular. 

Entering Brill or Ttap or File (Hny.) A drill, 
tap, or file, etc., which is used for the first approxi- 
mate roughing out of a hole to its shape, but not for 
^ving it its final form. 


Entering, Paaeingt ef^Dmwlng In {Silk Mani^ac.) ^ 
A process of drawing the warp thread by thread 
through the mail of mounture or eye of heddle. 
The various forms of entering are the straight** 
pa.ss, “ skip ” pass, ** return” or “ point” pass, ♦‘space’* 
pass, “ stage ” pass, and ♦* irregular *' pass. Stbaigbt 
Pass; Entering the threads in regular succession 
through the eyes of the heddles. Skip Pass ; Enter- 
ing through alternate heddles ; i.e, if on eight shaf^ 
taking the first, third, fifth, and seventh in succes- 
sion, then the second, fourth, sixth, and eighth. 
Return ob Point Pass: Entering In succession 
straight up tlie harness, and then straight down the 
harness. Space Pass : Entering several threads in 
succession on one shaft. Stage PASS : Entering 
through more than one set of heddles for fabrics, 
having mixed plain elTects, such as Tabaret. Ibbe- 
GULAB Pass : Any form of undefined entering to 
meet tlie requirements of certain fabrics. See 
Heddle, Mail, Mounture. 

Entresol ‘{A rchitect. ) See Mezzanine. 

Entropy {Heat). That property of a body which 
remains constant when there is no communication 
of heat, but which increases when heat enters and 
diminishes when heat leaves the body. 

Entry, Right of {Hygiene). By the Act of 1891 
the Sanitary Authority has the right to enter any 
premises for the purpose of examining as to the 
existence thereon of any nuisance liable to be dealt 
'with summarily under the Act, at any hour by day, 
or in the case of a ituisance arising in respect of any 
business, then at any hour when that business is in 
progress or is usually carried on. The term “ day ** 
is defined as the period from 6 a.m. to 9 p.m. 
I'ractically the same power is gi\cn by the 
I 1S75 Act to officers of Local Authorilies outside 
J.ojulon. Tlie main distinction is with reference to 
time of entry. In regard to private houses the 
officers shall be admitted at any time between the 
hours of 9 a.m. and 6 p.m., or in respect of any 
business, then at any hour wlien such business is in 
progress or is usually carried cn. If entry is refused, 
a justice may grant a warrant upon ap])lication by 
the Sanitary Authority. Occupiers niaj' require the 
person claiming the right to enter to produce some 
written document, properly authenticated on the 
part of the Sanitary Authority. The power of entry 
may be exercised by any members or officers of the 
SanitJiry Authority, or persons authorised by them 
generally or in any particular case. 

Envelope. (1) The bounding or covering surface 
of a solid. (2) A curved line (or surface) which is 
touched by every member of a scries or family of 
curves. 

Envelopes, Cometary {Aetron.) Jets of Incan- 
descent material are thrown off from the nucleus of 
a comet as the sun is approached, and these jets 
form a series of concentric envclo})es like hollow 
shells, one within the other, round the nucleus. 

Enzymes or Unorganised Ferments (jChem.) 
Substances of entirely unknown constitution; they 
arc probably related to the albumins— some (s.y. 
pepsin) more than others. like albumins, they are 
precipitated from their solutions by alcohol and by 
certain salts, such as ammonium sulphate. They are 
colloids : as albumins are coagulated by heat, so, on 
boiling, enzymes lose their activity. They are pro- 
duced in the living cells of plants and animals, and 
are obtained from these by various metljods. See 
Diastase, Emulsin, Zymase. They are very wide- 
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^Bpread in nature, and are divided into dasees 
aooordiog to the kind of action they produce ; e.y. 
zymase hydrolyses monosaccharides ; invertin hydr^ 
lyses disaccharides ; diastase hydrolyses polysaccha- 
rides; and emnisin hydrolyses glncosides. Bennet 
ooagalates albumin. Other enzymes, pepsin, 
convert albumen into the diffusible peptones ; others 
bring about oxidation, and others reduction. All 
enzymes have the power of resolving hydrogen 
peroxide into water and oxygen. An enzyme has 
the property of acting upon a quantity of substance 
incomparably gimter than its own mass ; but its 
power in this direction is limited, and tlie action is 
never a complete one ; e.g. emulsin cannot hydrolyse 
the whole of a given quantity of amygdalin at once ; 
but if, when the action has stopiKjd, the proditetH of 
liydrolym he removed, the action will continue. This 
suggests that the clninge is a reversible one ; and it 
has been show’n in the case of the enzyme maltase 
that it not only resolves maltose into dextrose, but 
also changes dextn).se to maltose. An enzyme of one 
class cannot eifeat the same (thange as an enzyme of 
another class; even aliglit dillcrein^es in structure 
affect the activity of an enzyme ; e.g. zymase ferments 
glucose readily, galactose with dithculty, and talobe 
not at. all. These stereoisomerides are represented 
by the following spacial formulse (see Stebbo- 

XSOMERISM) : 

CHO Clio CHO 

« I i 

H.C.OH H.C.OII HOOH 
HO.C.H HO.O.H nO.O.H 

H.^.on HO.c'.H no.<;.H 

H.d.OH H.C.OH H.koH 

I I I 

CII.OH ('H,,OH CHjOH 

Qlncoae. GabictOMo. Taloee. 

Again, methjl glucoside exists in two stereoisomoric 
forms, of which the a- form is hydrolysed by emulsin, 
while the /3-fonn*is not. Many substances affect 
the action of enzymes ; e.g, traces of alkalis promote 
their action, while large quantities stop it. Acids 
in minute traces are tolerated by most enzymes; 
chloroform, which kills living colls, docs not affect 
the enzymes ; hydrocyanic acid stops enzyme action, 
but on loading air through the liquid the acid is 
removed, and the enzyme again becomes active. As 
regards temperature, there is an oi)timum tcmj)ern- 
turc at which the enzyme acts best. Enzyme action 
is catalytic, i.e, the enzyme itself remains unchangec.1 
after the action. Certain metals in a line state of 
division acquire enzyme-like properties : such are 
platinum, iridium, gold, etc. To obtain the metals 
in this state the electric arc is made to pass under 
water between poles of the metal. In this way 

g latinum gives a dark brown liquid in which the 
ne particles of metal are held in a state of sus- 
pension, Ti lis liquid decomposes hydrogen peroxide, 
traces of alkali promote its action, traces of acid do 
the same. It inverts cane sugar ; it converts it at 
15(y* into alcohol and carbon dioxide; it loses its 
enzyme-like properties on stronger heating; it is 
poisoned'’ by hydrocyanic acid, and recovers its 
active properties on passing air through the solu- 
tion, These metallic ** solutions ” have been named 
ijffOBaAsriio Febmbnts. 

Booelie iGeol,) The lowest subdivision of the 
Tbrtiaxy Rooks, The name is based on the faot that 


marine fossiliferous rocks of this a^ oondtain small 
percentage of molluscan species which living in 
the same part of the Earth at the present 4ay, an4 
which may be regarded as viarking the damn (whence 
the name) of the present *molluscan fauna. The 
British succession, stated from the top downwards^ 
is as follows: Brackle^diam Beds, Bagshot Bands, 
London Clay, Oldhaven Beds, Woolwich and Reading 
Beds, Thanet Sands, 


Eolith (Geol,) A name applied to broken flints or 
other kinds of stone wlgch are supposed to betr 
some distant resemblance to rude weapons shaped 
by human agency. The name was given because 
they were thought to be the earliest stone implements 
fashioned by primitive man, and therefore of older 
date than palssoliths. 

2 O 2 


i (Chem,) O « C.HBr,<^ ^C«HBr^ - OXa. 


1 C 1 


OgH, . COOXa . 

The sodium salt, or the corrospoiuling potassium 
salt, of tetrabromfluorcscein. lUuish red crystals j 
a dilute solution in water shows green fluorescence ; 
a strong solution is bluish red. Acids precipitate 
the dye ‘as a yellowish red solid. Used as a red 
dye for wool, silk, paper, biscuits. It is prepared 
by bromiuating fluorescein in alcoholic solu- 
tion. 'J’he potassium salt of tetrabromofluorescein 
(CnoH^Br^g . K.J + 6 H.p) was one of the first sub- 
stances employed in conjunction with ammonia for 
the preparation of orthocliromatic plates sensitive to* 
yellow green rays. 

Eosine Colours, See Dyes and Dyeing, 


Epicalyx (Jiotany). An outer whorl of leafy 
structures in a llovver, formed either by a series of 
bracts {e.g. Mallow) or by the fusion of the stipules 
of the sepals Strawhernj), 

Epicentrum, See Eabthquake. 


Epichlorhydrin iChem.\ CH,-(;H-CH5C1. A 
liquid smelling like chloroform; boils at 117'^; in- 
soluble in water. It is obtained from both dichloiv 
hydrins (jiee Glycbbinb) by the action of caustic 
potash. 

Epioyclio Gear (AVy ) Any gearing in which the 
centres of one or more of the wlieels are not fixe^ to 
the frame of the machine, but describe circles. The 
Diffebential Geab (i/.v.) used in motor cars is an 
example. 

Epicyclic Train {Eng.) A set of Epioyclio 
Geab (g'.r.) 

Epicycloid {JBhig., etc.) The curve generated by 
any point in a circle which rolls round the outside 
of another circle. The teeth of or< Unary gear wheels 
are formed of i)ortion8 of epicycloids. 

Epidemic {Hygmie). The term “ epidemic ” sig- 
nifies a disease affecting a great number of people 
at a certain time. The disease may be distributed 
over a large area or confined to a particular com- 
mmiitv. It may recur in epidemic form from time to 
time, with intervening periods of complete immunity. 
(y. Endemic. 

Epidermis {Botany). The external layer of cells 
in p&nts. The confluent outer walls form the oaiioie,. 
and this is, in some plants, greatly thickened. 
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IBipideniiis 0ool,) Thp outer portion of the skin or 
mother covering of anjmimalf composed of one or more 
layers ot oells. These layers are very numerous in 
this higher ai^imals, and the outer layers give rise to 
hair, nails, etc. 

Epidlorite ( Geol,) A basic schistose rock, primarily 
of eruptive origin, which has undergone dynamic meta- 
morplUfini, resulting in the conversion of the pyroxene 
it originally contained into one of the amphiboles. 
In many cases the parent rock was an intrusive sheet* 
ot dolerite. It is a coiumcm form of schist amongst 
th^ motamorphic rocks of the Scottish Highlands, 
As well as in those of other areas which have had a 
similar history. 

Epidote (.l/itw.) A basic calcium aluminium iron 
fliliwvte, HjO . 4CaO . 3f^Al . FcOjjOa • t»>^iO.^. Mono- 
symmetric, Colour, pistachio green to blackish 
gro^. It is an important rock- forming mineral, 
and occurs widely distributed. Home of the finest 
.crystals are from Arendal, in Norway ; also from the 
’"wesj^ern Islands of Scotland, the Urals, the Pyrenees, 
etc.^^' 

Epidraph. (1) An inscription. (2) A sentence or 
•quotation at the commencement of the chapters of a 
book to indicate the sentiment or idea. 

Epigyny {Botany). The condition in a flower 
when the thalamus, or flower axis, corn] detely invests 
the ovary, leaving only the style and stigma exi>osed, 

Epinaos (^Architect.) The roar porch of a Greek 
temple. See CiiiLL. 

Epiphysis {^ool.) The end portions of a bone, 
separated from the shaft by a plate of (jurtilage in 
which are bone-making cells. By the addition (»f 
bone to the shaft and epiphysis, longitudinal growth 
is obtained. 

Epiphyte (Botany'), Plants which fix their habi- 
tation uixui other plants without deriving food from 
them, as, for example, the orchids, certain species of 
whicli perch upon the branches of trees. 

Epistyle (Architect.) See Akcuitravb. 

Epithelium {Zool.) A tissue concerned chiefly 
in the pH'Less of Hecretion {q.v.) It consists of 
thin slieets of cells, and forms the epidermis, the 
lining of coelom, alimentary canal, blood \cssel.s, 
and the various ducts. There are two kinds— the 
Squamous or Scaly, and the CoLUM^'AR type. 

Epsomite (Min.) Native Efisom salts; hydrous 
magnesium sulj)hatc,Mg)SO^ . 7Il,p. Ithombic ; also 
in in^;^u^tations. Colourless nr white. It is a 
■common constituent of many natural mineral viators ; 
it also occuns as an efflorcso<*iice on rocks which con- 
tain magnesium. From Epsom, Hpain, Clausthal in 
the Harz, United Htatijs, etc. 

Epsom Balts {CJkem.) See Magnesium Com- 
pounds a7bd Epsomitf. 

Equation of Time (Astron.) See Mean Solar 

Day. 

Equation^ Personal (Astron.) Skilled observers 
note the passage of a star across a wire of a transit 
instrument, too late or too early, by an amount that 
is different for each observer, but neiirly constant 
for each. 

Equations ( OLcm.) See Chemioal Equations. 

Equator, Celestial {Astrm.') The great circle 
•of the celestial sphere <lrawn halfway between the 
poles; it is that in which the plane of the earth’s 
equator cuts the celestial sphere. 


Equatorial (Astron.) A large tn^lescope with an 
axis parallel to the axis of the celestial sphere, and 
rotating at the same rate by means of clockwork, 
A star once brought into the field of view then 
remains in the field as long as required. A second 
axis at right angles to the first enables the telescope 
to be adjusted to the correct altitude at the oom« 
mcncement of the observation. 

Equatorial Radius of the Earth. See Badiub 

OP THE Earth. 

Equator, Terrestrial. A great ctircle on the earth 
at right angles to the axis through the poles. 

Equerre or Escarre {Her.) Used by French 
ami Gorman heralds for a cbaige resembling the 
“ canton.” Called also in ancient times “ Angolus.** 
A corner of a shield cut off by an elbow shaped band 
of another tincture. 

Equilateral Arch (Build.) A pointed arch con- 
structed on an equihittiral triangle. 

Equilibration (/v7/^.) Balancing? (q.v.) 

Equilibrium (Mcch.) The condition of two or 
more forces whicli, when acting together on a body, 
produce no motion. 

, Neutral (Meeh.) The condition of a body 

when in equilibrium which is neither stable nor 
unstable. A s})licre or cylinder resting on a 
horizontal plane is in neutral equilibrium. 

Equilibrium Ring (Bng.) A ring of metiil fitted 
to the back of a huge slide valve, and making a 
smooth fit or oontaet wiili the back of the valve 
chest ; or fix(*tl to the inside of the \alve chest, and 
making c(>iitaet with the back of the ’\'alve. The 
sjmee inside the ring is kept in communication with 
tlie cxiiaust, t hereby diminishing Hie pres.sure on the 
valve and remiering it easier to move. 

Equilibrium Slide Valve (Bny.) A slide valve in 
which the steam juv'^sure is relieved by an EQUILI- 
BRIUM iliNC or some otlicr means. 

Equilibrium, Stable (Mcch.) , A body is in stable 
equiiihrium if, alicr receiving a small displacement, 
it returns (or temls tt) return) to its original jiosition ; 
e.y. a sphere resting inside a hollow sphero is in 
stable equilibriuni. 

. Unstable (Meek.) A body is in unstable 

equilibrium if, alter receiving a small displacement, 
the forces which act on it tend to increase its dis- 
placemciit. A sphere (loised on the top of another 
sphere is in unstable equilibrium. 

Equinoctial Points (Aatron.) The points at 
which the ecliptic cuts the ccdestial etjuator. They 
are termed resi)cctivt*ly the FIRST I^OINT OF ArieS 
and First Point op Libra, though, owing to pre- 
cession, they no longer lie in the constellations from 
which they take their names. 

Equinoxes (Astron.) The dates when the sun 
crosses the equator; i.e. March 21st (the Vernal 
Equinox) and September 23rd (the Autumn Equinox). 
The day and night are then of equal duration. 

Equipolle (Her.) A French charge resembling 
“ Chequy,” only the number of the squares is limited 
to nine. The centre and four corner squares differ 
from the four other squires in tincture. 

Equipotential Surface (Phys.) A surface, either 
real or imaginary, every part of wdiich is at the same 
potential (q.o.) The surface of a conducting body is 
always an equipotential surface so far as concerns 
electric forces. 
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Eqnlsetnin or Honetail {Botany). A gentu of 
fern plants growing in swampy places, and having 
jointed stems with whorls of slender branches. The 
etems of one species are used, under the name of 
Dutch Rushes, for polishing. Silica is abundant in 
the cell walls. 

EqHlTaienoe {ChemJ) Another term for Valehot 
(g.v.) 

Equivalent ( Chem,) The equivalent of an element 
is that weight which will combine with, or displace 
from combination, one part by weight of hydrogen. 
The equivalent of an element is the same as the 
•quotient (atomic weight -r- valency). The equivalent 
■of a non-metal can be found by analysis of its h3'dro- 
gen compounds, that of a metal by finding the weight 
-of hydrogen displaced by a known weight of the 
metal from an acid, or in case the metal is not 
acted upon by an acid in such a way as to set free 
hydrogen, by converting a known weight of the metal 
into an oxide, weighing the oxide, and calculating 
the equivalent froui the fact that 8 parts by weight 
of oxygen are equivalent to 1 part by weight of 
hydrogen. 

Equivalent Focal Length {Photo.) A term applied 
to a compound lens. 'J’lic equivalent focal length of 
a compound lens is equal to the focal length of a 
single lens, whic-h would produce tlie snme magnifi- 
cation of a dislant object as the compound lens under 
consideration. 

Equivalent Lens {Phijs,, etc.) A lens is equivalent 
to a given combination of lenses if, when placed in 
the position of the one on which light lirst falls, it 
ppiduccs the same deviation in the axis of an ecce*^- 
trioal pencil as the (sombinatiori does. The expression 
“ equivalent lens ” is at times also used to denote a 
single lens of the same focal length as a combination 
of lenses. 


position ; hence a beam from Ik lantemii’^hich wenl4 ^ 
otherwise produce an inverted imf^ on 
can be caused to produce an er^ct imii^. ' This . " 
device is much used when an erect image is reqnilhd 
of an object which cannot be placed in an inverted 
position in the lantern. 

Erecting Shop {Bng.) The department ^ an 
engineering works where the component parw of , 
machines are put together. It usually contains no ** 
macliine tools, but has a travelling crane for moving 
heavy work, and small hand tools used in the finah'. 
fitting together of the separate parts of the work. 

'Brg{PIiys.) The unit of work in the centimetre- 
gram-sccond system : the amount of work done when 
a force of 1 dyne is overcome through a distance of 
1 c-entimetre. 

Ergot (Botany). Claviceps purpurea, a fnnghs 
parasitic upon the grain of cereals, especially ryo. 
The fungus absorbs the tissues of the ovary or young* \ 
grrain, and then forms a compiict violet mass ternind 
a ScLEitOTiUM, or, in pharmacy, Ebgot, 

Erica (Botany). The “ heaths ” form a genus of the 
Ericaci'ce. E. .^coparia, a native of the South of France, 
has i\. stout rootstock used for making briar *’ wood ' 
(^DnuYKEE Wood) pipes. 

Ericaces (Botany). An order of dicotyledons of 
widesjircad distribution. Their habit ranges from 
small woody plants to shrubs and trees. Well known 
genera are tlie Hkatiis {see EniCA), Arbutub, and 
liHODODENDllON. 

Eriodendron (Botany). The silk cotton tree (E. 
anfracfuos.m) Iwilongs to the order BofnhaoaeetB : it 
is a native of tropical America. The silky hairs sur*» 
rounding the seeds are used as stuffing for cushions. 


Equivalent Points of a Lens (Light). 

PRTXCIPAL I’OlN'I'fi. 


See 


Erased (Ht^r.) When a charge is left with rough 
or jaggt'd edges (three in numb( r) as if violently 
tom off. If trees are shown thus 11 lo term is 
eradicated.. It is the converse of CourHU. 


Erbium (Min.) Does not occur native. It 
exists in combination in the following mincraLs: — 
Double salts : Fergusonite, Fluocerile, Kiixeidtc, Toly- 
crase, Yt trotantalito, Nolilite, and Cyi tolite. Fluoride ; 
yttrocerite. ^iobalc: Sijjylite. rhospiiates : Ilhab- 
dophanite, Scovillite. Silicate ; Cenosite, Eucrasite. 

Erechtheum, A famous Ionic temple dedicated 
to Athena P©lia.s, the guardian of the city of Athens. 
It was situate on the Acropolis, to the north of the 
Parthenon, and was remarkable for its architectural 
variety, one of the most notable features being the 
Porch of Caryatids. Portions of the sculptures 
wiiich decorated the structure now form part of the 
Elgin marbles in the British Museum. 


A glass prism, usually 


Erecting Prism (Light). 
having one angle of 
90® and two of 4.'5®. 

If parallel rays be 
incident on one fac.e 
at A and D, they are 
refracted to B and 
B, where they under- 
go total internal re- 
flection, emerging at 

•C and F. The ray which was originally lowest 
follows the path abo, and emerges in the uppermost 



Eriophorum (Botajiy). The cotton sedge, order, 
Cyperaoe<v(Monocotyle<lones) has a perianth of bristles 
around the female flowers. These hairs are used as 
a stuftiug for cushions, etc. 

Ermine (Her.) (1) A tincture representing white 
fur with black spots. The spots take various con- 
ventional forms, typical of the black tail end of the 
ermine. (2) The animal itself, 

(Zooh) The ermine (Mnstola erminea; 

fam. Mustvlidcp) is the stoat in its winter fur ; 
the fur in summer is reddish brown. It is closely 
allied to the weasel. The while fur which forms 
the ermine of commerce is chiefly obtained from 
Alaska. The black tips of the tails of the animals 
arc arranged on the skins at intervals for effect. 
Formerly portions of the tails of black lambs were 
used instead. The fur is used in this country 
more especially as trimming on the robes of judges 
and peers. 

Ermines (Her.) A tincture representing fur 
similar lo ermine, but reversed; viz. white siK)ts on 
black fur, 

Erminois (Her.) A variation of the fur, i,e. on a 
field “ or,” spots “ sable.” The reverse of erminois is 
called Bean; viz. a field “sable” with spots “or,** 

Eros, Asteroid (Astron,) The name given to a 
minor plauct discovered in 1898. It is the 
important of this class of bodies, as It comes so clwe 
to the earth at limes that it affords the most precise 
means of determining the solar parallax, from whiah 
the distance of the sun is deduced. 







BroBlon ( Oeol) A term applied to^ny one of the 
natural processes by which rocks of any kind are 
wasted away, lliis incfades chemical erosion, as 
well as the waste effected by prolonged exposure to 
the action of glaciers, rain* rivers, frost, blowing sand, 
the waves of the sea, etc. 

Erratics (^Oeol.) A term now restricted to rock 
fiug Events of any dimensions, which have been trans- 
ported from their native locality to another part by 
the action of moving ice. The term IIoxjldek is 
nearly or quite synonymous in geological termino- 
logy with the term Erratic.. 

jBrror of a Chronometer. The amount by which 
iris wrong when it indicates noon (Oh. Om. Os.) If 
the clock is slow, the error is reckoned positive ; if 
fast, negative. 

Embescite (Jl/m.) A sulphide of iron and copper, 
SCUyS, . Fe..S 3 . Copper = 50 to 71, iron = 6*5 to 18, sul- 
phur a= 21 -5 to 28 per cent. Cubic, more often massive ; 
colour reddish ; metallic, but when exposed it rapidlj' 
tarnishes. When in quantity it constitutes a valu- 
able ore of copper. From Central and South 
America in quantity; also found in Cornwfjill, Tus- 
cany, Germany, JSorway, and the United States. 

BruptiYC Rocks (Ornl.') Tlmse rocks which have 
TOusolulated from a molten condition. They are 
usually classitied as Plutonic, Trappean, and 
Volcanic Rocks (^.r.) 

Eryaginm Our native species grows on 

the sea shore, and is known as Sea Holly (order, 
Umbellifera^. A tropical species yields valuable 
fibre. See Caeaouata. 

Eryihrina (^Bofany). A small Indian tree 
thrim indica ; order, Lcgtiminosai) cultivated as a 
sappoit for the pepper plant, and also as a shade for 
cSffee shrubs. JS, ntuhrosa^ a taller tree, is used in 
Sonth America to protect cocoa plantations. 

?* Epythpine A hydrous arseniate of cobalt, 

Co,As.^08. 8 H 3 O. Oxide of cohalt — 37*5, arsenic acid 
=s 38*6, water — 24*0 per cent. Nickel may replace 
some of the cobalt, Monosymmctric ; more often it 
occurs as a powdery incrustation of a crimson red 
colour. Cornwall, Alston Moor, Saxony, Bohemia, 
Norway, France, Missouri, etc. 

Erythritol or Epythrite ( Chem,) CIIjOH . (CIl 
OH)*, CH.,OH. White solid, crystallising in prisms ; 
is optically inactive; has a sweet taste; is very 
soluble in water; melts at 126”. Its behaviour is 
that of a tctrahydric alcohol. It occurs free in Prtrto- 
eoccu$ mdgarig, and combined with orsellinic acid in 
many lichens and in some algse. It may be obtained 
from lichens by saponification with milk of lime, out 
of contact with air. By cautious oxidation with 
dilute nitric acid it yields the aldehyde Ebythbose, 
CILOH(CHOH),ClK). Us nitrate is used in 
meldiciue in Bright’s disease. 

Erythrosin or lodeosin {Chem.') Has the same 
formula, as EosiN (^.v.), except that the bromine uf 
the latter is replac^ed by iodine. Soluble in water, 
giving red solution.s, which do not fluoresce. It dyes 
wool and silk a bluish red colour. It may be obtained 
in a similar manner to eosin, using iodine in place 
of bromine. The free acid may be used in moist ether 
solution in titrating very dilute normal solutions 
(down to when all other indicators fail ; it 

can also be useil in titrating alkaloids. It is employed 
in orthochromatising gelatine plates ; but since the 
shade of the dye is bluer, the position of manmum 
flensitising action lies nearer the d line in the 
spectnun. 8eo al$o Dyjbs and DmiNO. 


BvsrihPOzylvmCjRefoay). Order, 

A tropical Amerioau genns and order, » The 
known Coca tree is A member of this genus. /SetP^ 
COOA. 

♦ ^ - 

Escallop (Hsr.) A single shell of a bivalve’ 
mollusc belonging to the pecten genus. Its serrated 
edge is its characteristic feature. Pilgrims brought 
these shells bock with them from the shrine of Bt. 
James at Oompostello ; thus the escallop became the 
badge of a pilgrim or palmer. 

Escapement ( Watches and Cloaks). That part of 
a watch or clock that checks the advance of the going 
train, and at intermittent intervals allows theenerg^ 
of the mi >ti VC power to “escape” to the balance or 
pendulum. Sec Ciironometku, Cylinder, D£i!D 
Beat, Detent, Duplex, Gravity* I iBVEB,rALLifiTB* 
Recoil. 

Escarpment ( 6reol.) The more or loss steep outer 
edge formed by an inclined bed of rock which is of 
a more durable nature tlian the l)*^ above it and that 
below. For example, the English Chalk, which is 
more durable, on t.he whole, than the overlying 
Tertiary strata or than t he underlying Gault, fonns 
an escarpment around the landward margin of the 
Weald, and also across England from Dorsetshire to 
Yoikshire. In like manner tlie more durable bods of 
the Jurassic Rocks form escarpments for a similar 
reason. 

* 

Escartele (H^r.) A dividing line which has a . 

square notch in the centre | | ; rarely 

used in English heraldry. ^ 

Eschallot {Botany). A well known vegetable 
{AlUam ascalonieum ; order, Lilia^seee) introduced 
from Palestine. ^ 

Escutcheon The shield upon which arms 

are depicted, and sometimes used in a wider sense to 
denote the whole coat-of-arms, crest, motto, sup- 
pori ers, etc . 

Esker (6*^0?.) Glaci a i Action. 

Espagnolette {Build.) A fastening used with 
Frcmch casement windows or sash doors. It consists 
of an upright metal rod, which is fixed on the meet- 
ing style of one loaf of the casement ; the rod on 
being turned by a handle operates two hooks, which 
form the terminations of the rod, causing them to- 
catch in jdates or staples fixed to receive them, 
Tliere arc many varieties of tliis tyi)e of fastener,, 
some forms being reeded, and shooting into aocketa*^ 
at the top and bottom. 

Esparto OrasB {Botany), A North African grass 
{Sfipa tenaoissima ; order, GraminscB) used in the 
making of cordage, mats, baskets, and especially , 
paper, 

EspreBsiyo {Music). Expressively. 

EBBential Oils. Tlie more volatile oils, as distin- 
guished from tlie less volatile or Fixed Oils. Soo' 
also Oils. 

EBBonite {Min.) A synonym for Cinnamon Stone 

(g.v.) 

EsBorant {Her.) Describes the attitude of a bird 
with wings spread as if flying ; also termed VoLENT 
or SOAEINO. 

EBtabliBhment {Typog.) A term applied to work- 
men who are employed at a fixed weekly wage, and. 
who are then said to be ** stab bands.'* 
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JBstiftP ('Chem,) A compound of an alcohol with an 
acid ; alcohol, G^50H, unites with' acetic acid,*" 
CH,OOOH,' with elimination of -water, forming ethyl 
acetate, OH3OOOC2H5, which is also called acetic ethyl 
ester. A general method of preparing esters is to 
mix the alcohol and acid together, and act upon the 
mixture with a dehydrating agent such as sulphuric 
acid, or hydrochloxdc acid gas, or zinc chloride. 

Estate (Her.) A foreign term similar to de- 
capitated or decollated, i.e, having the head cut off, 
and used chiefly of birds and animals. 

EtSBpio {Biftany), An aggregation of fruits (drupes, 
achencs, follicles) derived from a single flower, 
tf.y. the mulberry and strawberry. 

Etching* Sre Enouavino akd Etching. 

Marntfoo^) Corrosion of the surface 

of glass by hydrofluoric acid. Sec Glass Manu- 
FACTUBB. 

Etesian Winds Winds of Southern Europe 
caused by the indraught of the cooler air of the 
Mediterranean, to rdjilace the heated air which rises 
from the hot sandy desert of the Sahara. 

Ethane or Dimethyl (^Chrm.') CH, . OH,,. A 
colourless, odourless gas, nearly insoluble in water, 
considerably more soluble in alcohol ; liqueilcd at 
915° C. nntler ordinary atmospheric pressure. Obtained 
by any of the methods used for the preparation of 
paraflins 

Ethene (f7/m.) Another name for Ethtlbnb 
( j.r.') 

Ether ( Hievt,') (1) A general name for compounds 
of the type 11 — 0 — whore It and It* are alkyl 
radicals which may be the same or different. (2) 
Someiimes used to designate Esteks or ethereal 
salts; acetic ether, nitric ether, etc... are old 
nainoR soinotiines used for etliyl acetate, ethyl 
nitrate, etc. (ll) Obdinaby Etheb is Uiethvl 
Etheb, (C jllr,)./). A mobile liquid with characteristic 
smell; s]). gi\ ()-73t) ; boils at 35°; extremely in- 
flammable, burning with bright flame. Its vapour 
forms an explosive mixture with air, and when inhaled 
produces unconsciousness ; hence its use in surgical 
operations. It dissolves in 10 parts of water, and is 
a valuable solvent for organic substances, such as 
fats and oils. Its chief reactions are : With strong 
sulphuric acid it yields cth>l hydrogen sulphate; 
with liydritxlio acid it yields ethyl iodide ; with ozone 
it forms a peroxnh;. Et her is made by mixing alcohol 
and sulpliiiric acid, forming ethyl hydrogen sulphate, 
and heating the mixture to 1-10°. If now alcohol bo 
added gradually, the formation of ctlior is continuous, 
+ C.XOH == (C,Tl5),0 + The above 

is called Williamson’s continuous etherification pro- 
ce.ss. On the large scale, benzene sulplionic acid is 
now much used in place of sulphuric acid. 

(PAyv.) The invisible mtulium. assumed to 

fill all space, by means of which heat, light, and 
electric waves are projiagated. It is not possible to 
say wliether this ether consists of matter in the 
chemical sense of the word, but it must possess 
density and elasticity. . 

Ethereal Salts ( Citem.) The same as Estebs 
S o called because they may bo regarded as ethers in 
which one alkvl group is replaced by an acid group. 

Ihu*: 

Ethine (GAm.) Another name for Aobtylbne 


Ethazidei CChem,) See Ethylatbs. 

Ethyl {Ghent,') The name g^ven to the group 
CgH^. It only exists in combination, « 

Ethyl Acetate, Acetic EtherC^m.) CHsCOOCX* 
A colourless fruity smelling liquid ; boils at 77 ®. It 
is hydrolysed by water slowly, much more quickly 
by dilute alkalis and acids, CH^COOCgH^ + H,0 » 
CH3COOH + C2H5OH. Used to some extent as a 
flavouring agent. With sodium it gives sodium 
ethyl acetoaceiate. With ammonia it forms acetamide. 
It is prepared by mixing alcohol and sulphuric acid, 
adding anliydrous sodium acetate, allowing .to 
stand, and then distilling off the ethyl acetate ; orih 
a similar manner from alcohol, acetic acid, and 
sulphuric acid ; also by the action of acetyl chloride 
or acetic anhvdride on alcohol, CH-COCl + CjHrOH 
=:CIl 3000 CX + HCl. 

Ethyl Acetoaceiate CHjCO . CHjGOOCX- 

A pleasant smelling liquid, boils at 181 °. It is one 
of the most important syntlictic reagents in organic 
chemistry. It is prepared by acting upon ethyl 
acetate w'itli sodium, distilling off excess of the 
former, acidifying w’ith acetic acid, separating and 
fractionally distilling the liquid which floats on top 
after acidifying. It reacts in two ways: ( 1 ) as 
if it has the formula given above; (2) as if it 
has the formula CII^C . OH = CII . COOCX 
Tatjtomebism. Probably it is a mixture or much 
of the former with a little of the latter. Treated 
with sodium it yields sodium ethyl acetoacetate, 
CHjjCO.CHNaCOOCJl^, and this product with an 
alkyl iodide (lU) giv’es CH3CO . CHR . COOO ll^. The 
latter with sodium and an alkyl iodide (RJ) yields 
the compound OH3CO. CHR’COOCjHg. These alkyl 
substituted aoetoacetic esters yield Ketones of ther 
form OHjOO . CHRR* when treated with diluted 
alcoholic i)otash, and Acins of the form CHUR' 
COOCgHj wium treated wdth strong alcoholic potash ; 
e.ff, act upon othvl acetoacetate with sodium and 
ethyl iodide, and obtain CH.CO . CHCJIsCOOCgHi ; 
treat with strong potash and obtain llutyric acid, 
GgHj .OH., . CUOH. Wit h phenylhydrazinc (ILn . NH C- 

CHgC = CH , COOC3H5 
Hj) acetoacetic ester gives [ , 

NH . NHC^Hs 

and this compound (/3-phenylhydrazidocrotomc acid) 
with |)otash yields 1 : 3 i>henylmethylpyrazolone, 

II3C.C CO > 3, compound which yields Anti- 

PYBiNE (^'.r.) on treatment with methyl iodide. 
With urea we Imve a .similar action to that of 
phenylhydrazinc, and on treating the product with 
potash we obtain Methyl Uracil, a starting point 
for the synthesis of Ubic Acid. 

CH3C = CH . COOG .Hs Cn, . C =. CH - CO 

I I 

NH . CO . NHj, HN - CO - NH 

Mathyl Uracil. 

Ethyl Aleohol C2H50H. Alcohol. 

EthylamineB {Chem.) Wlien etliyl iodide is 
heated with alcoholic “ ammonia ” in sealed tubes the 
following substances arc obtained* NH^CjHj.HI, 
ethylamino Lydriodide ; Nn(C2H5)2UI, diethylamine 
hydriodide; NCC^H^).,!!!, trictbylainine hydriodide ; 
N(C2H5)^, tetraethylammonium iodide; NH.I, am- 
monium iodide. If this mixture is distilled with caus- 
tic potash, ammonia, etliylamine, C^H^KH^ diethyl- 
amine, (CX)3^^» ^ triethylamine, 

14 
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pass over, and on leading them into a tube immersed 
m a freezing mixture, the ammonia alone escapes con- 
densation. In the distilling flask the hydriodic acid 
has combined with the potash to form potassium 
iodide, and the tetraethylammonium iodide remains 
behind with the potassium iodide. The three amines 
which have mstiUed over are now acted upon with 
COOCjHj 

ethyloxalate, I , when the primary amine 

cooaH. 

rJONHCaHj 

forms I , diethyloxamide, 

CONflaHj 

eON(CA), 


the secondary 


amine forms 


ethyl diethyloxamatc, 


while the Tbiuthylaminx remains unchanged, and 
may be distilled oft. The diethyloxamide is a solid, 
and the ethyl diethyloxamate is a liquid, so that 
these may be separated by iiltraiion. Each may 
now be distilled separately with caustic potash, 
giving respectively Ethylamink and Diethyl- 
amine. Ethylamine is a liquid which boils at 18®. 
Besides the above method of preparation, it is also 
obtained when methyl cyanide is reduced by hydro- 
gen, also when nitroethane is reduced by hydrogen, 
and when propionamidc is acted upon by 
bromine and caustic potash. With nitrous acid it 
yields ethyl alcohol. In other respects it resembles 
ammonia very closely indeed. See also Diethyl- 
amine and Tbiethylamine. 


Ethylates or Ethoxides {Chem.') Compounds pro- 
duced by replacing the liydroxyl hydrogen in ethyl 
alcohol by metiils; e.g. when sodium is thrown upon 
alcohol, we have the reaction CjHjOII + Na == 
CjH^ONa -f H. CjIljONa is sodium ethylate or 
sodium ethoxide. If the excess of alcohol be dis- 
tilled off, it remains as a white crystalline solid, 
which is decomposed by water : CdlcONa -h Il-O « 
JNaOH + C2H5OH. 

Ethyl Benzoate CgIl5COOC.^H5. A colour- 

less liquid with smell like pears ; boils at 211"^. 
Prepared by saturating a solution of benzoic acid in 
alcohol with dry hydrochloric acid gas, allowing to 
stand, and pouring into water, when the ester 
separates. May also be obtained by the Baumann- 
ScHOTTBN Reaction { q . v .) 

Ethyl Bromide' (67im.) Cj^^Br. A sweet 
emelling, colourless liquid ; boils at 39® ; insoluble 
in water. Obtained by dropping bromine upon 
amorphous phosphorus and alcohol, allowing to stand, 
and distilling. It is an important reagent in organic 
chemistry. 

Ethyl Chloride {Chem.) CJI^Cl. A colourless, 
sweet smelling liquid; boils at J2®. Obtained by 
passing dry hydrochloric acid gas into alcohol con- 
taining zinc chloride, the latter serving to take up 
water^; also obtained as a by-product in the manu- 
factoie of chloral. Used as a local amesthetic, it 
freezes the part to which it is applied. 

Ethylene JLlcohol CChcm,') Another name for 
Ethylenb Glycol ( q . v .) 

Ethylene Ohlorhydrin (Ckem,^ See Olefines. 
Ethylene Dibromide, Ethylene Bromide {Chem.') 

CHjBr 

A colourlew, sweet smelling liquid, boiling at 131®. 

^ It is obtained by passing ethylene into bromine. 


Heated with alcoholic caustic potadi, it yields, accord* 
ing to the amount .of potash, Vintlbbomidb or 
Acetylene. 


CHjBr CH- 

I + EOH « II 

CHjBr CHBr 

CH.,Br CH 

I -l-2KOH=||l 

CH^Br CH 

See also Glycols. 


+ KBr + HjO 
+ 2K.Br + 2 H 2 O 


Ethylene Glycol {Chem.) £(90 Glycols. 

Ethylene, Olefiant Gas {Chem.) O.H4. A colour* 
less gas ; faint sweetish smell ; nearly insoluble in 
water ; boils at — 1G1)° under ordinary atmospheric 
pressure. It burns with a bright flame, and with the 
proper proportion of oxygen (3 vols.) or of air (16 
vols.) it forms an explosive mixture. Chlorine unites 
with it volume for volume, forming EthylBKB 
Chlobide, C^H^Clj (Dutch liquid). Bromine does the 
same; excess of chlorine in bright sunlight gives 
carbon and hydrochloric acid ga^For other reactions 
see Olefines. It occurs in coal gas (about 6 per 
cent.), being the ]»rincipal illuminant in it.» It may 
be obtained synthetically by reducing copper acetyl- 
ide {see Acf.tylene) with zinc and ammonia, or in 
quantity by heating alcohol with sulphuric acid, or 
ethyl bromide with alcoholic caustic potash. See 
Olefines. 


Ethylene Seples {Chem.) See Olefines 

Ethyl Ether {Chem.) Sec Ethkb. 

Ethyl Formate TI . COOC'.jH,,. A pleasant 

smelling, colourless liquid; boils at 54°.* Obtained by 
heating glycerine, oxalic ac id, and alciohol together 
in flask with reflux eomlensor ; then the mixture is 
distilled. It occurs in rum, and is used in the pre- 
paration of artificial rum. It is easily hydrolysed. 
With zinc alkyls it gives bECONDAitY ALCOHOLS. 

Ethylidene ( Chem.) A name given to the divalent 
group Oil, .OH=. Thus CH3CIICI2 is ethylidene 
chloride, a liquid obtained by the action of phos- 
phorus pentachloride on aldeliyde. 

Ethyl Iodide ( Chem.) C JLI, A colourless, sweet 
smelling licpiid ; boils at 72 . Insoluble in water ; 
turns brown on exposure to light, owing to liberation 
of iodine. Obtained by gradually adding iodine to 
amorphous phosphorus and alcohol, allowing to 
stand, and distilling. It is a very important reagent 
in organic chemistry. 

Ethyl Nitrate (67/^m.) CsjU^NOj. Colourless liquid ; 
boils at 8G® ; it explodes when rapidly heated to a 
high temperature ; burns with a bright white flame. 
l*repared by distilling a mixture of alcohol and nitric 
acid to which urea has been added to destroy nitrous 
acid. With tin and hydrochloric acid it yields 
hydroxy lamine. 

Ethyl Nitrite {Chem.) C.^IIjN02* A yellowish 
liquid, smelling of apples ; boifc at 16° ; very in- 
flammable. Prepared by the action of sulphuric acid 
upon potassium nitrite and alcohol. It is insoluble 
in water; a solution of the impure nitrite in alcohol 
constitutes Sweet Spibits op Kitbe. 

Ethyl Oxalate {Chem.) 

COOC^Hfi 

(ioOCjH, 

An aromatic smelling liquid ; boils at 186°; does not 
mix with water. Prepared by heating anhydreus 
oxalic acid, alcohol, and sulphuric acid together in a 
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flask fitted with a reflux condenser; then pouring 
into water when the ester separates. With ammonia 
it gives a precipitate of oxamiae. See also Ethyl- 

Ethyl Bed (^Photo,) This dje has been strongly 
recommended by Dr. Miethe as a colour sensitiscr f<3r 
gelatine plates. The abso^tion spectra of its solu- 
tion gives two maxima in the yellow green and 
green. 

EtoUe or Estolle (^Ner.^ A star with generally six 
wavy rays. The mullet is also a star, but with five 
rays, generally plain, not wavy. An estoile may be 
also of ** eight points ” ; then the rays alternate wavy 
anti plain, 

EtruBoan VaseB. ^e under Vabbs, Pottery 
AND Porcelain, and Glass Manufacture. 

Etui {Gofft.y etc.) A small case for holding needles, 
bodkins, toothpicks, etc. Gases of this kind, often 
of precious metal, chased, were much worn by ladies 
in the sixteenth and seventeenth centuries, hanging 
from the girdle, /^ase for pocket instruments. 

Eucalyptus {Botany), Eucalyptus (a genus of 
the order Myrtacete'). The oil of Eucalyptus is 
obtained by distillation of the h‘avea of JC. glohnlus 
(blue gum), while I he so-called red gum is an exuda- 
tion from the bark of E. rondraia, 

Euohlorine {Chim.) A name given by Davy to 
the mixture of chlorine and chlorine peroxide, ob- 
tained by the action of hydrochloric acid on 
potassium chlorate, under the impression that it was 
a single substance. 

Eadiomete]*(G/ry7W.) An instrument used to bring 
about the union c)f measured volumes of gases witn 
the view of ascertjiining tlie com]) 0 .-«ition of one of 
them or of the product of tludr union. It is a 
straight glass tube, open at one end and closed at 
the other ; near the closed end two platinum wires 
are fused into the glass, so that the sjjarks from an 
indnelion coil can bo passed in the mixture of gases. 
It has a millimetre s<jale etched on the outside of it, 
ajid the instrument is calibrated before being used. 
To usQ it, the tube is filled with mercury and inverted 
in a vessel of mercury ; the gases arc then passed in, 
the volume being taken and coirected for difierence 
•of i^rcssure after the introduction of each gas. 

Eugenia {B(ffany). A genus of the Myriaceec^ grow- 
ing in the tropics. The fruits are valuable either as 
food or as spices. See Cloves, Allspice. 

Cl) 

Eugenol, Eugenic Acid {(.Item,) (3) 

*^OIT (4) 

An oil smelling like cloves ; boils at 247® ; it reddens 
litmus; gives blue colour with ferric chloride. It 
occurs in oil of cloves (85 per cent) and in oil of 
cinnamon. It is obtained from oil of cloves by 
.shaking with alcoholic })Otash ; this gives the potas- 
sium Balt of eugenol ; it is washed with alcohol and 
decomposed by an acid. 

EnonymUB (^Botany), The dried bark of the root 
of the Wahoo tree QEuonymus atrepurpuretis ; order, 
Celastraoetc) is the source of the drug Euonymin, 
E. japonioa is one of our familiar evergreen shrubs. 
E, europtgzis is the common Spindle Tjiee. 

Euphorbia (Botany), A genus of Eaphorhiaoea:^ 
of varied structure and habit. Many have a cactus- 
like form, but are distinguished by the presence of 
latex (q,v,) The acrid juice has many medidnal 
properties. 


Enphorbiaoea (Botany). A natnnl order of 
Biootyledonst having a wide distribution and variety 
of habit. The presence of latex is common in the 
order. Many economic plants belong to thh Ehtplutr* 
biaoetOi such as CROTON, Manihot, Hevea, Castos 
Oil (q.r,) 

Eustaehian Tube (Ecology), The passage leading 
from the pharynx to the tympanic cavity of the 
middle ear. Its function is to equalise pressoze of , 
air on either side of the tympanic membrane. 

Enstyle (Arohiteot.) The name given to the 
spacing of the columns in a Grecian temple when 
the space between the columns is equal to two and 
a half times the lower diameter of the shaft. See 
Ar^ostylb, rYCNOsTYLB, Systyle, Diabtyle, ond 

iNTERCOLUMNIATION. 

Evaporation (Pbys,) The process by which a 
liquid changes into a gas or vapour. 

9 Natural (Meicorol,) Water exposed to 

the air evaporates at a rate which depends on the 
llYGROMETRic STATE of the air (q.v,) When the 
air is nearly saturated, evai)oratioii is slow; when 
the air is dry, it is rapid. In any given area the 
total amount of evaporation is almost always less * 
than the rainfall. 

Evaporators (Chem, Eiiy.) Any form of plant 
for removing moisture. Usually applied to plant 
used for conc>ent rating liquids, as distinguished from 
plant for drying solids. Multiple evaporators are 
generally operated under a vacuum, and may be 
either single, double, or triple Effects \q<v,) 
Vacuum evaporators are chiefly used in the sugar 
industry and the concentration of soap leys in the 
manufacture of glycerine. Their use is also spread- 
ing in the chemical tiatle for concentrating caustic 
solutions, etc. 

Evaporimeter (Met,) An instrument for deter- 
mining the amount of water evaporated in free air 
in a given time. Piche's instrument is simple and 
elTective. 

Evection, Lunar (Aatnm,) A term used with 
regard to the motion of the moon, and depending 
on The alternate increase and decrease of the 
eccentricity of the moon’s orbit. 

Evening Star (Adron.) A star setting near the 
sun, but just afterwards. 

Even Pitch {Eng.) A screw in which the number 
of threads per inch is equal to that on the leading 
screw of the lathe on Tvliich it is cut, or is equal 
to that number multiplied by a whole number. In 
cutting a screw of even pitch, the right position of 
the tool for each fresh cuit is readily found without 
turning the change wheels into any definite position. 

Evolute. See Involute. 

Excavation (Eng.) The digging out of earthy 
material (accomplished by han<i labour or by 
mechanical means) and its removal to a suitable 
position. If the material is removed from under 
water, the operation is termed Dredoinq. 

Excavator A mechanical di^ng machine 

used ill the construction of canals, railway cuttings, 
etc. 

(Civil Eng,) Machinery for excavating; 

there, are two main types, one consisting of an 
endless chain carding iron or steel backets which 
strike the ground in succession, removing a quantify 
ef material each time ; the other consisting of one ^ 
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large scoop attached to a long lever; this type is 
usually termed a Stbam Navvy. 

Excentric A modified spelling of Eccen- 

tric (q.v.) 

Excitation (Meet, JBng,) The magnetising of the 
field magnets of a dynamo or motor by the passage 
of a current through the coils of wire on the limbs 
or cores of the field magnets. I'bo current is either 
obtained from the machiue itself in SeIjF-Exciting 
Dynamos or is supplied from a separate source, in 
Separately Excited Dynamos. aV<? also Dynamo. 

Exergue (Coins\ The space on the reverse side of 
a coin or medal which lies below the principal 
device ; it sometimes boars a secondary inscriptioo^ 
etc. On modern coins the date and engraver’s 
initials generally occupy this position. The term 
is also applied to such inscrijdimi^ date, etc. 

Exhaust (Chem. Manufae.') The thorough extrac- 
tion of a soluble body from insoluble ones by solvents, 
e.y, oil from seeds, sulphur from spent oxide, etc. 

(Eng,) (1) The escape of steam or waste 

gases from an engine C3'lin(ler after expansion. (2) 
• The wa.ste gases themselves. 

(IVnjs, efr.) The creation of a more or less 

perfect vacuum. 

Exhaust Gases (Eng.) In a steam engine the 
exhaust gases consist of steam after it has expanded 
in the cylinder ; it is cooler, at a lower pressure, and 
more charged with moisture, or *• wetter ” than on its 
entrance to the cylinder. In gas and oil engines the 
exhaust gases consist of the products of combustion, 
together with any unbunit gases remaining after the 
explosion. 

Exhausting Fan (Eng.) A Fan used for 

pumping air out of any space or chamber. 

Exhaust Lap (Eng.) See Lap and Slide Valve. 

Exhaust Line (Eng.) See Indicator Diagram. 

Exhaust Pipe (Eng.) The pipe which convei's the 
waste steam («»r other gases) away from the cylinder. 

Exhaust Port (Eng.) The optuiing which leads 
the waste gases from the cavity under the slide vaho 
to the exhaust pipe. If the slide vah^e of an ordinary 
steam engine were removed, this port would l>e seen 
to lie between the two steam ports. See also Steam 
Engine. 

Exhaust Silencer (Motor Car), See Silencer. 

Exomis (ArcTtiCoL) A vest or short tunic without 
sleeves, worn by Greek and Roman artisans and. 
slaves. It was fastened over the left slioulder, but 
passe(l under the right arm, leaving that arm and 
shoulder uncovered and free. 

Exothermic Compound A compound in 

the formation of which from its elements heat is 
evolved. The majority of compounds are exothermic. 

Expanding Bit ( Carp., etc.) A boring Vut capable 
of catting boles of various sizes at will. 1'hcre is a 
fixed central point which guides the tool, and a cutter 
carried on a radial arm, which can be set at a given 
distance from the axis of the bit. A very useful tool, 
especially when holes are required which differ a little 
from any standard size. 

Expanding Metal (Eng,) Alloys of bismuth, which 
have the property of expanding on solidifying. 

Expansion (Eng.) In general, any increase in the 
, dimensions of a body ; in particular, the increase in 


volume of the steam (or other gases) in an ennne 
cylinder after the admission of steam has stopped, or 
after firing the charge in the case of a gas engine. 


Expansion (Phys.) The increase in dimensions of 
a body ; in particular, the increase in length, area, 
or volume produced in a body by raising its tem- 
XKjraturc, These three forms of expansion are termed 
JjInear, Superficial, and Cubical Expansion 
respectively. The coefficient of expansion is the 
increase per unit length, area, or volume of a body 
when heated 1°. If a, ft, and y represent the co- 
efficients of linear, supfjrticial, and cubical expansion 
respectively, Vo the length, area, and volume of 
a body at 0®, //, the values of the same quantities 
at C, then w e have the following equations : 

I, = h (1 + at) 
af — (1 + ^) 

V/ = Vo (1 + 70 . 

Also it can be shown that 


2a 

y 3a. 

The values of a (within ordinary ranges of tempera* 
ture) for some common substances are as follows: 
Brass . . . -0000189 

Copper . , , , *000016(1 

Glass .... -OOOOO!) 

Iron .... *0000112 

The coefficient of cubical expansion (7) is *00018 for 
mercury, and very approximately '00366 for gases. 


Expansion Curve or Line (Eng.) The part of an 
Indicator Diagram wliich shows the relation of the 
pressure and voluiuo of the steam, etc., in the cylinder 
during expansion. See Indicator Diagram. 


Ei^ansion Engine (Eng.) Any engine using 
pansiim in the cylii\der. Tliis may be taken to be 
universal in modern (‘ngines. 

Expansion Gear (Eng.) The devices used to rega- 
late tlie ainoiint of expansion of steam in a cylinder ; 
e.g. Link ■Motion, Corliss Gear (q.v.) 

Expansion Joint (Eng.) A foim of joint in lujics. 
etc., wliich allows a certain degree of movement, in 
consequence of longitudinal expansion, without break- 
ing the joint. Varioas devices are used ; a sliding 
socket joint, or a corrugated hoop, or i>air of plates, or 
.sometimes a simple bight or bond inserted between 
two straight Icngtlis of pipe. 

Expansion Rollers (Eng.) Rollers on which one 
end of a long girder rests in order to allow of the 
movement necessary during expansion and contrac- 
ti(m, as the temperature changes, without disturbing 
the structure of which the girder forms a part. 

Expansion Tank (Ejig.) The cistern into which 
hot water pipes used for li(*ating are fitted. It pro- 
vides sufficient capacity to allow for the increase in 
volume of the water as the temperature rises. 

Expansion Valve (Eng.) A valve which controls 
the Gut Off (q.v.) of an engine ; it is usually a 
separate slide valve, which stops the admission of 
.steam to the main slide valve. 


Expansive Working (Eng.) The use of Expan* 
SION in an engine; now practically universal. 

Explosion. In general, the sudden combustion of 
any violently inflammable substance. 

(Eng.) (1) The destruction of a boiler by the 

pressure of the steam becoming too high. (2) The 
Firing of the Charge in a gas engine. See 
Ignition. 
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Exnloiion Ohamber (.Eng,) The part of the 
oylinaer of a gas engine in which the compressed 
charge is ignited. 

Bzploiion Engines. Gas Exginbs Pbtbol 
Engines. 


Explosion Wave. See Explosives. 


Explosives. Substances which can be made to 
undergo chemical change with great rapidity; the 
change is accompanied by the development of a 
large amount of heat, and the products of the change 
occupy a very much larger volume than that of the 
explosive itself. To learn something of the struc- 
tural conditions of an explosive, consider ozone: it 


contains three oxygon atoms united thus, / \ ; 

O O 

ordinary oxygen contains two oxygen atoms united 
thus, 0 — 0. Ozone is unstable, being formed from 
oxygen, which is very stable, with absorption of heat. 
When ozone reverts to oxygen its heat of formation 
is set free, and we have an increase of vr>lume, two 
volumelB of ozone yiehling three volumes of oxygen. 
But ozone under ordinary conditions is not an ex- 
plosive ; it is not possible to obtain gaseous ozone fice 
from admixture with Irirge volumes of oxygen, so that 
the change to oxygen is slow, the heat developed is 
feeble, and the change of volume small. With 
lifjmd ozone the case is dilferent ; it can be decom- 
posed by shock, and the decomposition is rapid, the 
heat development considerable, and the change of 
volume from liquid ozone to gaeeou^ oxygen is very 
great : it is an explosive. The union of nitrogen with 
oxvgon is the basis of all practically apj^licd ex}>h 
% /N. 

sives. The oxides of nitrogen ( ] )>0, N — O, N \ ] , 

^0/ 


though they are endothermic compounds {qA\\ are 
not explosives. But when tliis union of oxygen with 
nitrogen oecurs in certain solid and liquid compounds, 
vre have powerful explosives. Nithates contain 

the group —O— examples of explosives 


containing this group are gunpowder (</.?’.), nitro- 
glycerine and guncotton (y.r.), and combina- 

tions containing them, such as CouDiTE. Sev DYNA- 
MITE, Blasting Getatine. Nitro Compounds 

conmin the group — : examples of explosives 

coniainii^' this group are the })icric acid 
explosives (such as Lyddite anti Melinite) and 
Fulminating Mercury. Tlie power of these ex- 
plosives is due to the facts (1) tliat on firing a 
large volume of gas is produced, (2) that strongly 
exothermic comptiunds are produced. Thus in the 
case of guujK)wrlor, carbon dioxide and nitrogen 
are produced, and much heat is develojicd in the 
formation of potassium sulphide, carbon dioxide, 
and nitrogen. The reaction speed of a mecijanical 
mixture such as gunpowder is not so great as that 
of a definite compound, such as nitroglycerine, 
guncotton, or picric acid ; hence its disruptive 
eflfects aro not so great — it is rathtT suited for tlie 
propulsion of projectiles. On firing an explosive 
such as mercury fulminate, the sudden pressure 
developed gives rise to what is known as an Explo- 
sion Wave, which in this case is propagated at a 
speed of about 1,600 metres per second. This explo- 
sion wave propagated in the neighbourhood of endo- 
thermic oompoonds such as acetylene or cyanogen is 
sufficient to explode them. 


Exjporare ^.) The act of exposing or allowing 
the light to act upon a sensitive plate, etc. ; also tiie 
time during which the light is allowed to act. 

External Characterietlo (Elect, Eng.) The cuii^ 
showing the relation of the current flowing through 
the external circuit to which a dynamo is connect^ 
and the potential difEerence between the terminals. 
See Dynamo. 

External Firing (Eng.) Heating a boiler by a 
firebox entirely outside the boiler itself, instead of 
in a flue or an internal firebox. The method is 
confined to early types, and is now rarely used. 

External Screw or Thread (Eng.) An ordinary 
screw cut on a cylindrical surface. Also termed a 
Male Screw or Male Thread. 

Extincteur (Chem.) An instrument used to ex- 
tinguish small fires. It consists of a metal case 
containing carbon dioxide under pressure, generated 
in the vessel itself by the action of dilute sulphuric 
acid on sodium carbonate, and it allows of a jet of 
the gas being directed upon the fire. 

Extraction of Oils. A method of obtaining oils 
by means of hif*hly volatile solvents, such as benzene, 
carbon bisulphide, benzol, sulphuric ether, etc., which 
rapidly dissolve the fats contained in the seed meal 
and are afterward driven off completely by distil- 
lation, leaving the oil intact. The solvent is almost 
wholly rei overed for further use. 

Extractors ( OJiem. Eng.) Apparatus for the ex- 
traction of fats, oils, etc., by .solvents (such as benzol 
carbon bisulphide, etc.), which are recovered by 
distillation and condensation. 

Extrados (Build.) The upper curved side of an 
arch. Scr Arch. 

Extraordinary Ray (Light). See Double Rb- 

PB ACT ION. 

Extras (Typog.) Charges involved in composition 
in addition to liic fixed price per page of text, such 
a.s for setting in foreign languages, tabular work, 
headings, etc! 

Extra Weft (WooUeu Manvfac.) A special colour 
of weft yarn applied to the fabric, distinct from the 
ordinaiy or ground weft. 

Eye (Eng.) A loop at the end of a rod or bolt. 

(Joiner yy etc.) The centre of a scroll. 

^ (Mining). The top of a shaft. 

Eye of a Furnace ( Manufac.) The recess 

containing fuel in the middle of tljo bed of a furnace, 
at the bottom of which are placed the fire bars or 
grating. 

(Met.) The bright red spot in the hearth of 

a blast furnace seen through the nose of a tuyere by 
means of the raica-faoed sight hole placed on the 
angle of the elbow connecting the blast main with 
the tuyere. 

Eyepiece (Phgg.y etc.) Portion of the eye end of 
a telescope, microscope, etc. Sometimes known as 
an “ Ocular.” 

Eyepiece Micrometer* See Micrometer Btx- 

PIECE. 


P (Ch&tti.) The symbol for FLUORINE (q.v.) 

(Mutie). T)ie fourth note of the scale of C, 

/. (Music). Abbreviation for “ forte ** : loud. 
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Ya The sol-fa syllable for F. 

F«brikoiia iJ>ec,) See Oaiitas Wall Coybbinos. 

Fafade (Jrc?iit€ct.) An external face of a build- 
ing; generally used to denote the principal external 
face. 

Face The principal or most important 

surface of an object, the gi-aduated surface of a 
dial. 

(Min,') An individual plane of a ciystallo- 

graphic form. See also Systems of Cbystals. 

Face Chuck (JSng,) A ilat disc shaped chuck 
famished with bolt holes and slots. Work (^n be 
fixed to the chuck by means of bolts passed through 
these holes. 

Face Lathe (^ng,) A latbe which can take in a 
piece of work of \ ery large diameter, but not of great 
length : used for turning large discs, wheels, arma- 
tures or field magnets of dymimos, etc. 

Face Plate (Eng,) See Face Chuck. 

Face Plate Coupling (Emj.) A Coupling (q,v,) 
consisting of two castings with flat flanges, bj^ means 
of which two shafts can be connected by bolts. 

Face Side (Join.) The first surface of a piece of 
wood which is trued up. A mark is put on to dis- 
tinguish it from the other .sides. 

Facet. (1) One of the faces of a gem wdiere it 
has been cut and polished by a lapidary. (2) One 
of the faces of a natural or artificial body that has 
a series of such faces. 

Facing (E^ig.) A raised surface or projection on .a 
casting, to which some additional part is to be fitted. 
This raised surface is much more easily machincej, 
filed, etc., than a portion of the main general surface 
would be, and hence adds to the conx^enience of 
manufacture. 

Facing Bar or Work Bar (Lace Mamifac,) A 
smooth iron plate about 4 in. wide and the full 
width of the lace machine, over which the web of 
lace travels on its way to the roller. 

Facing Paviors (Build.) Hard burnt malms 
of good colour and shape. Used for superior avails. 
Bee Bricks. 

Facings (BuUd,) (1) The best bricks, picked for 
the face of the work. (2) The stone dressings to door 
and window openings. 

Facing Sand (Foundry), Sand mixed with coal 
or charcoal dust, used for covering the surfaces of 
a mould which are exposed, to the molten metal. A 
thi6k coat of this sand prevents the formation of a 
skin of silicious matter on the casting. 

Factor of Safety (Eng., etc,) In any structure 
the load which would break it dowm is several times 
as great as the safe load ; the ratio of the Breaking 
Lo^ to the "Working I^ad is termed the Factor of 
Safety. 

Facuke (Astron.) Bright portions on the solar 
disc which can generally be seen in the region of 
the spots, especially when near the limb of the sun. 

Faenza Ware (Fot,) A distinctive term given to 
a fine sort of pottery originally made at Faenza near 
Bologna, in Italy. The majolica produced there was 
very beautiful ; the plates (called ** tondini ”) have 
wide rims and deep centres, and are adorned with 
axabesques and bibhoal and classical scenes. 


Fagot (Met) A bundle of bars of wrought iron 
which are welded up into a solid mass; this is after- 
wards hammered and rolled out into a new bar. By 
this means the fibre, or grain of the iron can be 
arranged to run in any required direction, and greatly 
increased strength is obtainable. 

Fagoting (Met) The process of welding up a 
Fagot (g.r,) 

Fah (Aftfdc). Fourth degree of scale in ** Mova- 
ble Boh ” system. 

Fahlerz (Min,) A synonym for Tbtbabbdritb 
(g.n.) 

Fahrenheit’s Scale (Beat), The soale in which 
the freezing point of pure water is marked 82® and 
the boiling point 212''. The zero— -32® below the 
Freezing Point — was based on an imperfect experi** 
mont, making the scale very inconvenient. It is now 
superseded for scientific purposes by the Centigiade 
Scale. 

Faience, Faience, Fayenoe, or Fayance (Fot) 
The old Frencli term, under \^ich weie comprised 
all descriptions of glazed eartnenware, inclusive of 
porcelain, and to a cei-hnn extent this continues so, 
corresponding in its general ii.se to the English word 
“ crockery *’ (^Marryat^, Any pottery not transparent 
is generally termed “Faience.” See also Majolica. 

Falchion (Arttis). A short broad .sword, curved, 
and with the onlcr edge sharpened : used in the 
Middle Ages. Later, the name lias been applied to a 
sword of any kind. Used a.s a charge in Heraldry. 

Faldstool. An armless folding ci<air sometimcB 
used by bishops. It resembles a camp stool, but is 
more elaborate. A movable folding-desk : a Litany 
stool. i§ 

Fall (Build..) The inclination of a drain, gutt;er, 
etc. 

(Eng.) (1) The slope given to a cloanuel 

intended lo carry water. (2) Tlie quantity of water 
passing over a w eir, mill race, etc. 

(Mming). Material accidentally dislodged 

from the roof or side.s of a working. 

Falling Mould (Joinery). In hand-railing, the 
de\eh)pment in elevation of the centre line of 
the rail. 

Fall Tube (A ir Bwijf). See Air Pump. 

False (Her,) Another term for Voided — i.e, with 
centre o|>t*n. • 

False Bedding (Geol.) An inclined arrangement 
of the layers constituting rocks of sedimentary or 
of Eoliau origin, which has resulted from thoir being 
dejwsited by cnrrent.s which have varied much in 
their transporting power from time to time. The 
most striking and typical examples are those pro- 
duced by the drifting action of the wind upon sand 
in desert regions or under similar conditions ; but 
cbaiigeable currents of water often give rise to 
similar phenf^menii. The direction of slope of the 
false bedding planes coincides with the direction 
of movement of the transporting agent. 

False Bottom (Ejkj., etc,) A removable bottom 
placed over the real or fixed bottom of a vessel in 
order to facilitate cleaning or other operations, or 
to economise the firing in a grate. 

(€hem. Eng,) Usually a perforated plate 

which supports the contents of a boiler or kettle, in 
order to leave a space at the bottom of the vessel in 
which condensation products, drainings, etc., may 
collect, out of contact with the contents. It also 



prerents the ohoklng of diaw-ojS cocks hy the solids 
under treatment. 

False Cose (^Mbuldinp). A movable part of a 
mould or core, similar to a drawback (g.v,), which 
can be taken out in order to facilitate the lifting of 
the pattern. 

False Key A Kby (gr.v.) formed by a 

round pin driven into a hole drilled parallel to the 
axis of a shaft, half of it being in the shaft and half 
in the hub or boss of the wheel which has to be 
keyed on. It is much inferior to a key of the usual 
rectangular section. 

False Relation {Musin'), The disagreeable effect 
produced by the close proximity of two cliords having 
no relationship and belonging to differeut keys, but 
having a note in the first chord chromatically altered 
in the second and sounded in a different part. 

Fan (Cost,) A small well known instrument for 
moving the air. The use of the fan was common 
amongst Eastern nations as far back as history 
reaches. In early Lillies the fan used out of doors 
served the purpose of a parasol, and screened the 
faoc. Folding fans as now generally used were 
introduced in the seventeenth century. 

(JBng.) Consists essentially of a set of radial 

blades rotating at a high speed, an<l enclosed in a 
case which is provided with suitable openings for the 
entrance and exit of air. In fans for producing a 
blast (used for furnaces and forges) the plane of the 
blades is piirallel to the axis of Jhe fun, but in fans 
used for cxliausiiiig or for ventilating a room by 
sucking or pumping air out, the plane of the blades 
Is usually inclined to the axis in a similar manner 
iD the blades of a screw propeller. In the latter 
case the flow of air is ]mrailel to the axis of the fan : 
in the former it is at right angles to the axis. 

(Her.) A winnowing basket : notable example 

on tim ISctvans or Septvaus brass. 

Fan Cooling (Motor Cars), A small fan, worked 
by the niutur, is sometimes used to drive a current 
of cool air on to tlie outside of the cylinder to keep 
it cool, or to draw air through the condenser or 
radiator for the purpose of cooling the water which 
circulates round the cylinder and through the 
radiator. 

Fan Curb (Clwm. Mug.) See Cuhb. 

Fancy ( Wwilleu Manufac.) A roller in the card- 
ing machine, also termed “ fly,” for brushing up the 
wool on to the surface of the clothing of the main 
cylinder. 

Fang {Build.) The portion of iron railings built 
into the wall. 

— {Mining), A passage for conducting air 
along a working. 

Fang Bolt (Eiig.^ ete.) A bolt with pointed teeth 
formed on the nut. Those teeth sink into wood 
tlirough which the bolt passes, and prevent its rotat- 
ing. The bolt itself is turned (like an ordinary 
wood screw) in order to screw it up. 

FanliAt {Joinery), (1) The sash above a door. 
(2) Thelights above the transom of a solid frame. 

Fan Structupe {Geol.) A term now restricted to 
such arrangements of highly disturbed strata as may 
be likened to the relative position of the leaves in a 
hidf opened book lying on its back, or to a pack 
of cards which is ^pped by one edge and opened 
out at the other. Fan stmetore is rarely met with 


except within the cores of what are (1) now* or 
(2) formerly were, the inner parts of great momtiain 
ranges, such as (1) the Alps of Switserland, (2) the 
Southern Uplands of Scotland. 

Fan Vaulting {AroMteet.) A species of vaulting 
peculiar to the Perpendicular style of English gothic 
architecture. The earlier gothic vaults consisted 
constructional ribs supporting a thin filling, but in 
fan vaulting a return was made to the Roman method 
of vault construction, as the whole vault was often 
formed of jointed masonry on which the ribs were 
carved. Fan vaulting consists of a stories of inverted 



Fan Vaulting. Gloucester Catuedral, circa 1450. 

concave conoids, the semicircular summits of which 
are separat' fl either by pendants or lozenge-shaped 
panels acting as keystones. The whole was covered 
with an elaborate system of panelling. Fine 
examples can be seen in Henry VII.’s Chapel, West- 
minster Abbey, and in the cloisters of Gloucester 
Cathedral. See TiABKBL Vault, Quoiked Vault, 
Rib and Panel Vault, and Sexpabtitb Vault. 

Farad {Mlent.) The electromagnetic unit of 
capacity. A condenser has a capacity of 1 farad 
if its })Otential is raised 1 volt by 1 coulomb of 
electricity. Such a condenser would be of enormous 
size. The practical unit adopted is the one-milliontb 
part of a farad, and is termed a Micbofabad : this 
is about the capacity of 3 nautical miles of submarine 
cable. 

Faraday Effect {Phys.) The rotation of the plane 
of polarisation of a beam of plane polarised light 
when passed through a magnetic field along the 
direction of the lines of magnetic force. This effect 
is one of the fundamental illustrations of the theory 
of Maxwell that light is really an electromagnetic 
phenomenon. 

Faraday’s Ice Pail Experiment {Elect,) An 
exfMjrimeiit for determining the amount and sign 
of induced charges. A charged ball (or similar 
object) is lowered into a hollow vessel of conducting 
material (Faraday used a metal ice pail); the out* 
side of this vessel is connected to an electroscope, by 
means of whii^h the induced cliarge is examined 

Faraday Tubes {Elect.) The part of a dielectric 
enclosed within a tubular surface formed by a 
number of lines of force drawn infinitely close 
together from the boundaries of an area on whieh 
there is a unit cliarge of electricity. 

FarehamReds. d^BniOKS. 
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Farina {Chem.') Potato starch. See Stabch. 

Farnese* The name of the Farnese family has 
been bestowed upon several notable works of art 
which were formerly located in the Farnese Palace, 
Rome, bat now form part of the collection in the 
Museo Nazionale, Naples. Amongst them is the 
Fabkese Bull, a colossal piece of sculpture attri- 
buted to Apollonius and Tauriscus of Tralles, and 
probably executed about the third century b.c. The 
group represents the chastisement of Dirce by her 
stepsons for her ill treatment of their mother, 
Antiope, by binding her (Dirce) to the horns of a 
bull. It was discovered in the batlis at Caracalla 
in 1546 and restored. The Faenesk Hercules, 
another celebrated Greek statue, is in the same 
museum. The hero is represented undraped, leaning 
on his club. The muscul^ development of the figure 
is remarkable. 

Farthingale (Chef.) The large hoops, often of 
extravagant size, which distended a woman’s petti- 
coat or skirt, a sixteenth century forerunner of the 
crinoline of the nineteenth centur}’. 

F.A.S. The delivery of goods Feeb alongside 
THE Ship, i.e. at the expense of the person consign- 
ing them ; the cost of loading is not included. 

Fasoes (ArrAa-n/.) The emblem of power carried 
before buperior Roman magistrates by lictors. It 
consisted of a bundle of wands tied up, wdth an axe 
in the centre. The blade of the axe projected through 
the bundle, and indicated that the magistrate had 
the power of inflicting capital punishment. 

Fascia (Archil A flat member or moulding 
similar to a band, but larger, usually used in com- 
bination with other mouldings. Tonic and (."orinthian 
architraves usually consist of three fasciae, each of 
the upper two of wliich slightly overhangs the one 
below it. See Abchitbctuke, Oedees of; Ionic; 
COBINTHTAN ; Entablatube ; and Ahchiteave. 

(Joinery'). ( 1 ) Tlie flat surface below the 

cornice of a shop front. ( 2 ) The board to which 
the eaves gutter is fixed. 

Fascines (Civil Eny.) Faggots of wood sunk in 
marshy ground to support structures for which the 
soft ground will not provide a sufficiently firm foun- 
dation. ITsed.wbere stone is scarce, but it is not a 
good method. Willow wood is the best, but brush- 
wood from ash, alder, oak, etc., is also used. 

Fast Coupling (Eny.) A Coupling (q-v.) in 
which the shafts are permanently fixed together, so 
that they cannot be thrown in and out of gear with 
each other. 

Fast Head (Eng.) The fixed hcadKstock of a 
lathe, which carries the mandrel with the s})eed cone 
and chucks (q.v.) 

Fast, or Fixed, Needle Bnryeying, Measurement 
of horizontal angles by means of a circumferentcr 
without the aid of the magnetic needle. Also called 
Backing. 

Fast Pulley (Eng.) A pulley keyed to a shaft 
and always rotating with it, as distinguished from a 
LOOSB Pulley, which revolves freely on the shaft. 
Fast and loose pulleys are used side by side, so that 
a belt can be shifted from one to the other to stop or 
start a machine. 

Fast Red A term applied to a series of 

bright reds, known generally as Ybemilionettbs 

(g.v.) 

See Dyes and Dyeing. 


Fast TeUoi (Ckem., Dyeing), See DiAzo 
Reactions. 

Fat Colour (Dee.) A term applied to stale mixed 
paint which has become viscid and greasy owing to 
exposure to the atmosphere. Fat colour is some- 
times used for painting rough work, being thinned 
down with turpentine or benzene before use. 

Fat Edges (Dee.) A superfluity or bead of paint 
on tlie edge or angle of a surface at right angles to 
the direction in which the brush is being used, e.g. 
on the styles of a door ; the result of careless paint- 
ing. This fault is one of the .signs of incompetence, 
A professional painter guards against fat edges, and 
draws his ghish in an outward direction, so as to 
avoid it. 

Fathom. See Weights and Measures. 

Fatigue, Elastic (Eng., etc.) See Elastic 
Fatigue. 

Fatigue of Materials (Eng.^ etc.) See Elastic 
Fatigue. 

Fat Lime (Build.) A nearly pure lime (calcined 
white chalk). 

Fat Liquor (Leather Manufac.) An emulsified 
solution of soap and oib in warm water, used for 
softening raineial tanned leather. PTsh or vegetable 
oils are generally used \vith a neutral white soap. 
Hometimos egg yolk is added to make a better emul- 
sion. First used by Ed. Kent on Dongola leather 
(.y.r.) 

Fats (Chem.) Are compounds of glycerine w’ith 

aciiis of the f 'tiH'jii— 2D2 

and CnH2n-.3(0il)02 serie.s. J’lic fats are therufoj# 
Glyceeink Estkbs or Glyceeides. A fat is also 
oft 4 .‘n named fn)m tlu» acid it contains ; e . g . glycerine 
(or glyceryl) tristearatc* is often called t ri^tearin, or 
siriii>ly stearin. The following are the names, modes 
of occurrence, ami formulae of some of the more 
important fats : Glyceryl tributyraLe (butter), OgHt 
t^OOC . CjH-)., ; glyceryl trij^almitatc (palai oil and 
lanl), C.,H^(C)OC . G] Jl3,)g ; gl: ceryl tristoarate (tallow 
and lard), C5,TI^(OuC . ; glyceryl trioleate 

^olive oil and lard), (yi.( 00 (J . Cjylfj,), ; glyceryl tri- 
linoleate (linseed oil), C,TJ5(00(\ ; glyceryl 

friricinoleate (ca.stur oil), G„H5(OOG . G,yH^.j(OII)),. 
The first three are soli<ls, the others liquids. On 
treatment with superheated fitearn, or on boiling 
with alkalis or with sulphuric acid, all fats are 
resolved into glycerine, and the acid united to it. 
When an alkali is used, the liberated aciil unites 
with it, and tlic resiiliing salt is a Soap. This process 
of resolution into glycerine and an acid is called 
Saponification. There is an enzyme, Lipase 
( St EAPSIN), which lias the property of saponifying 
fats. It occurs in the pancreas and in the seeds of 
the castor oil plant, the white poppy, and in linseed 
and maize. The sajHiniticatiou of fats is carried out 
on an enormous scale in soap making, in the pre- 
paration of fatty acids for candle making, and in the 
preparation of glycerine. Talmitin, stearin, and olein 
are used on a large scale in the preparation of 
M AEG AKIN E. The liquid fats ( e . g . liiiscod oil) are 
often called Fixed Oils. Fats are of groat physio- 
logical imfiortance. Briefly, their functions are : 
(a) To produce heat; (b) to produce energy; 
(<?) their distribution in the tissues gives rotundity, 
and through their iion-oondncting properties serves 
to retain the heat of the body ; (d) airl the removal 
of effete substances; (e) play a considerable i>art 
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in the conversion of food into tisane. Owing to 
their being snoh great heat producers, fats form a 
large part of the dietary of persons living in very 
cold countries. See Foobb. 

Fat si a (^Botany), Fatda papyrifera (order, 
Araliaeea'), The source of the rice paper of Japan. 
The paper is prepared by pressing thin sheets of the 
pith. 

Fatty Acids (Chem.) Acids of the series CnH2nO 
They are called fatty acids because some of the 
higher members occur in the fats The lower 

members are liquids ; the higher ones, starting with 
capric acid, are solids at tlie ordinary tem- 

peratuie. The lower members are solifble in water; 
the higher members insoluble in water, but soluble 
in alcohol and in ether. They all distil in steam. 
For methods of preparation, see the individual acids, 
e.g, formic, acetic, propionic, butyric, palmitic, and 
stearic. 

Fatty Compounds (C?iem.) See Aliphatic 
•Compounds. ^ 

Faucet Build,, etc.) The socket on a cast 

irm pipe. The name is also applied to a small cock 
or tap. ■ 

Fault (Elect. Eng.') Applied in a special sense by 
tclegrapli engineers to a conducting wire, land line, 
or cable. Faults consist of breakages contact** be- 
tween two Jincs, 9 lecfcric.al connection with the earth 
(termed WtioLU or Vaktial Kauthb, according to 
the degree of completeness of tlm connection), etc. 
The detection of faults and the determination of 
their exact position rc'ceivc much attention from tele- 
graphists, and many very ingenious methods 
Employed by which the locality of a fault can often 
bo found within a few yards by an operator perhaps 
several Imiidrcd miles away. 

(Gctd.') During the upheaval of part of the 

crust of the Earth it often l»ai)peii.s that a diiTcrential 
movement occurs over a zone of 
weakne.s.s, and the rocks on one 
side of that zone may he lifted 
a tritlemorc than those on the 
other each time the raovoincnt 
is repeated. Thu.s a dislocation 
is (jaused, and the strata on the rAui.T. 

same level no longer accord with 
their counterparts on its opi)Osite side. The down- 
throw may range up to one of several thousand feet, 
as is the case with the Pennine Faults, near Appleby. 

, RcTersed ( Gcol.) In a normal fault the hade 

or inclination from the vertical of the lower part of the 
zone of fracture is usually to- 
wards the downthrow side of 
the fault. A vertical .shaft pass- 
ing through the fault could not, 
theref(»re, cut the same bed of 
rock twice. In a reversed fault 
the hade is in the opposite JUivkrseu Fault. 
dijQOction, and it is always the 
case that some part of the same bed of rock on one 
aide of the fault lies vertically below its counterpart 
on the other. Rever.scd faults are generally duo to 
piiwcrful lateral thrusts; but they are sometimes 
produced by a thrust acting from abo/e downwards. 

Fault Rock (Geol) The movement, under great 
pressure, of the rock on one cheek of a fault against 
the other nsnally grinds off more or less debru, which 
oomes to rest at a lower level, and may be com- 
pacted into a breccia (^.v.), which is known by the 




above name. Where the fault fissure is very uneven^ 
masses of considerable size may enter into the oom* 
position of the fault rock. 

Fe ( Chem.') The symbol for IBON (p[.v.) 

Feather (Eng.) A key, with parallel sides, ^nk 
into and fixed to a shaft. The keyway in the hub of 
the wheel driven by the shaft makes a sliding fit 
with the key, so as to allow of relative motion of the ^ 
wheel and shaft parallel to the axis of the latter. 

The wheel can slide along the shaft, but must always 
turn with it. 

Feather Edge (Eng. etc , ) A thin .serrated cutting 
edge which results from the improper grinding of 
edge tools. Also applied to the “ fins ” on moulded 
goods due to the faces of each half of the mould not 
fitting perfectly, e.g. in glass bottles on the sides of 
the neck and shoulder, owing to a little metal being 
forccid into a thin film between the chocks of the 
mould. Mostly found in burst-off bottles or cheap 
rubber balls and toys. 

Feather Edge Boarding ( Carp, aiul Join.) Boards 
tliat tiqicr or diminiwsh in their thickness from one 
edge to the other. Used in fencing and in covering 
the walls and roofs of small wooden buildings, etc. 

Feathering Paddles (E^ug.) Paddle wheels with 
hinged lloaU vv])ich arc caused to enter and leave the 
water at right angles to its surface. Unnecessary 
disturbance of the water and consequent loss of 
power are thu.s largely prevented. 

Feathering Screw (Eng.) A Bcbew Pbopellsk 
(q.v.) whose blades can be turned into a plane 
parallel to the shaft when the screw is out of use 
at any time ; r.g. if the vessel is under sail. Barely 
u.scd in moaern vessels. 

Feathers (Her.) Generally those of an ostrich, 
represented with tips drooping. See aUo Plume 
and Panache. 

Feather Trimming (Textile Manvfac.) Pile fabric 
wu\ eij in stripes. 

Feed (Eng.) (1) The amount which the cutter of 
a machine tool is moved at one time, or the rate at 
which the cutter advances towards the fresh mateiial 
which is to be removed. (2) Feed Wateb (q.v.) 

(^fotfir Cars). The regulation of the supply 

of petrol to the engine. See Petrol Engines. In 
steam cars it refers (1) to the supply of oil to the 
burner ; (2) to the supply of water to the boiler. 
Both these are usually controlled automatically, but 
the .•5upi»ly can also be increased or diminished when 
required by pumps and valves regulated by hand. 

Feed Cistern (^BuUd.) A small cistern with a 
ball vahe, to supply a boiler. 

Feeder (Foundry), A mass of fluid metal in a cavity 
placed at the upper part of a mould and communi- 
cating with the space in which the casting is actually 
formed. It serves as a resen^oir of fluid metal to fill 
up the mould as the casting shrinks or sinks in. ^ 

(Met.) The smaller channels which connect 

the main channel with the pigs (q v.) when tapping 
or running off the molten iron from a blast furnace. 

(Mining). A subsidiary vein running into a 

main vein on the upper side. 

Feeding (Fmmdry), Bnnning in a fresh supply 
of fluid metal daring the formation of a large casting. 

The mould apparently becomes full at the first 
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pouring, but as the metal solidifieB it contracts, 
and cavities would be left if more metal were not 
supplied. 

Feedlntf Rod (Ihnndry)^ An iron rod passed 
down the holes leading to the cavity of a mould in 
order to promote the flow of fresh metal during 
Feeding (^.e.) 

Feed Pipe (JEng,^ The pipe conveying the supply 
of water to a boiler. 

Feed Pomp {Eng,) A small pump which forces 
water into a boiler. It is driven either by the engine 
itself or by a subsidiary or “ donkey ” engine. 

Feed Screw (Eng.) A screw used to regulate the 
feed of a cutting tool. 

Feed Water (Eng.) The water supplied to a 
boiler. By measuring its amount, the quantity of 
steam produced in a given lime may be foimd. Feed 
water should be clear, free from matter in suspension 
and in solution. • 

Feed Water Heater (Eng.) A device for warming 
the feed water, usually by means of the exhaust 
steam or by the condenser. 

Feeling (Art). ** That visible quality in a work of 
art which forcibly depicts the mental emotion of the 
painter, or which exhibits his perfect mastery over 
the materials of art.” — FairlioU. 

Fehling’B Solution (Chem,) A solution containing 
34*64 grams of C5(-»pper suljhate, 173 grs. of Rochelle 
salt, and 84 grams of caustic soda in one litre. The 
copper sulphate solution is made separately, and a 
solution of the other substances added to it. It is 
used as a qualitative and a quantitative test for 
dextrose, especially in urine. When heated with a 
liquid containing this sugar, Feliling’s solution is 
reduced; it loses its blue colour, and gives a red 
precipitate of cuprous oxide. Many other substances 
reduce Fchling’s sulution ; e.g. Laevulose, Maltosef 
24ilk ISugar, Cliloral, and Aldehydes generally, 

Feigh (^Mining), Refuse from the ore. 

Feints* The first runnings or distillates which 
oome over from a pot still in the distillation of 
whisky. 

Flillmonger (Leather Manvfav^ One who pre- 
pares sheepskins for the tanner by removing the 
wool. The processes employed to remove the wool 
is called fellmongcring. 

Felloes* The rims of wheels : applied chiefly to 
thost) which arc built up of separate pieces, especially 
wooden wheels. 

Fell of Cloth (Textile Manufac.) The last pick 
of weft forming cloth which is beaten up by the 
Bley ; i,e. the nearest position of edge of cloth width 
to reed when weaving in the loom. 

' Fell Railway (Civil Eng.) A railway in which 
the tractive force is obtained by means of a central 
rail, which is closely gripped (on both sides) by 
horizontal wheels attached to the locomotive. This 
rail has no teeth or projections: but the adhesive 
power is mucli greater than in the ordinai 7 system 
of railway traction, and on the Fell Railway on 
Mont Cenis trains of thirty-six tons were drawn up 
a gradient of as much as one in twelve. The two 
gripping wheels serve as a brake in descending the 
alopeB, and also steady the engine in rounding sharp 
oarveB, See also Mountain Railways. 


Fali^av (Mn.) A group of anhydrous sillcataa 
of aluminium with varying proportions of oaldum, 
potassium, sodium, and magnesium. These four 
elements may replace one another in almost, any 
proportion, ^ving an almost continuous series of 
varieties, with a gradual transition in physical 
characters. Some are monosymmetlic, some tri* 
clinic in their crystalline form. They are an im- 
portant group of rock-forming minerals. At one end 
of the scries are the Potash Felspabs ; at the other 
those which contain much lime. In the middle of 
the group are the SooA Felspabs, and between 
these and either extreme are numerous compounds 
of an intermediate type. Most eruptive rocks contain 
one or more Bf these felspars. 

, Potash (Min.) A synonym for Obthoolasb 

(q.v.) 

, Soda (Min.) A synonym for Albite (q.v.) 

Felstone (Geol.) A name somewhat indefinitely 
applied to eruptive rocks, allied, in composition, in a 
general way, to granites. The tgjDa is (or was) often 
used ill describing ancient lavas allied to Liparites or 
to Obsidians, which had bec'ome dexitrified or stony 
in texture. It was also used for what would now be 
termed inicrogranite, and even for rocks which vroiild 
now be distinguished as porphyrites. 8(^rao of the 
Scottish rocks formerly classed as felstones are 
dev^trified trachytes or even andesites. 

Felt (Eng.) Used as a non-condnetor of heat for 
covering steam pipes, etc. 

(Pager Manttfac.) An endless woollen 

blanket used in the manufacture of paper for guiding 
the wet web of paper to the drying cylinder. 

( Woolle^i Manvfac.) Carded wool made into 

a vearable texture (e.g, carpets, hats, etc,), without 
weaving, and by fulling or felting. 

Felting* 'J’he tendency which fibres hax e to inter- 
lock. Ti)is tendency is turned to advantage. See 
Felt. 

{ Woollen Mann foe.) The process of 

shrinkage which wool and woollen cloths undergo 
when subjected to moisture, heat, arnl pressure. 

Female Gauge (Enai) A holl(»w gauge; i.e. one 
used for measuring and adjusting the outside of a 
piece of work. 

Female Screw (Eng.) A hollow screw or a nut 
having an internal thread. 

Femme (Her.) The lioraldic term for wife. 

Femur (Arehitect.) See Mebos. 

(Zoology). The thigh bone of the leg. It has 

a rounded lateral head and two prominent ridges — 
Tbochantebs — at the upper end 

Fence (Eng.^ etc.) A guide used to keep a cutting 
tool, and the work operated on, in their proper 
relative x>osilions. It may be used where the work 
is moved, as in a circular saw, or whore the tool 
moves, as in a plough (q.v.) or a rebate plane (q.v4 

Fencing In (Eng.) The guarding of moving parts 
of machines to prevent injury to workmen. It is 
required by the Factories Acts. . 

Fender (Carp.) A large jiiece of timber outside 
the sill of a gantry to protect the structure from 
injury by passing traffic. 

Fenders (Arehmol.) These were made of rushes^ 
etc., and were placed ronnd wax seals in the flfteentb 
century to protect them. 
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fender Vail (Jfimld.) The wall that oarrieB the 
hearth on the ground floor of a building. 

Feneitration (Architect,') The arrangement of 
the windows and other openings in a facade. 

Fenn^ (Botany), Faeniculum offidtiale (order, 
XJriOiellifeT€t>), A common plant formerly much used 
as a pot herb. , An aromatic oil is distilled from the 
fruits. 

Fenafreek (Botany)^ Triymella foemm yrmcum 
(order, Leguminoga), The seeds are used in veteri- 
nary medicine, and as a condiment in India. 

Pep de Moline (Her,) Another term for Mill 
BIND; the iron clamp by which a millstone was 
fixed. 

Peretoi^. A small shrine, often very richly orna- 
mented, in which are placed relics. A portable 
shrine. 

Fer^UBonite (Min.) A metaniobate and tantalate 
of yttrium, erbium, cerium, uranium, and iron. Tctra- 
onal, hemimorphic, in small brownish black crystals, 
isseminated in qiartz from near Cape Farewell, 
in Qroenlanu. 

Fermata {Mude), Pause. 

Fermentation. The ('.homical change brought 
about in organic substances of the most varied kind 
by: (1) Moulrls, such as PeniHllium glaurum\ (2) 
tiaccliaroriiyceles, such as yeast ; (3) liacteria, such 
as the Bacilliia ivtylmts ; (*1) Enzymes (q.v.) The 
members of the first three classes are known as 
Obgantsbd Feumexts, becahse they are living 
organisms of definite structure. The substance 
undergoing fermentation is part of the food for the 
organism, and the substance produced is a waste 
product of tiie organism. F(jr an organised ferment 
to work proijefly, it must have ail the elements 
necessary to build up its organism in accessible 
form. The fermenting substam;e must not be too 
concentrated, the temperature must be suitable, and 
the product of fermentation must be removed after 
it has attained a certain concentration, or the process 
will stop. The following are examples of fermenta- 
tion Alcoholic Febmentation . When brewers’ 
yeast (Sacoharomycetea eerevnUe) is ;id<]ed to a 
eolation of cane sugar (wliich is not too strong, and 
contains traces of potassinm, ammonia, magnesium, 
calcium, sulpliates, phosi)hates), and the temperature 
is kept between 25® and 30® C'., the sugar is converted 
by the enzyme invertase, which is present in the 
yeast, into eqmxl quantities of dcxtro'<c and Ifpvu- 
lose ; the yeast them ferments these tw^o sugars, the 
dextrose first and the Isevulose afterwards, to alcohol 
and carbon dioxide. Other products are formed also, 
but in much smaller amount; e.g, glycerine, suc- 
cinic acid, and higher alcohols. These aie probably 
formed by other organ iams than the S. cerevidae. 
See aUo Alcohol and Zymask. Acetic Acid Fee- 
MHNTATION: This is brouglit about by Mycodernia 
aceti in dilute solutions of alcohol. See Acetic 
Acid. The souring of wine and beer are examples 
of this fermentation. Lactic Acid Febmknta- 
TION; This fermentation is set up in milk by a 
large number of bacteria, the most important of 
which is B, aML hietici. These bacteria ferment the 
milk sugar (lactose), and the lactic acid produced 
coagulates the milk (i.e, the casein) ; they can also 
produce lactic acid from cane sugar and dextrose. 
See Lactic Acid. The change of urea in urine to 
ammonium carbonate is due to a Microoocmie, For 
other examples see Butybic Acid, Succinic Acid, 
Makdbuc Acid, and Lbathsb Manufactvbe. 


Ffimaats# See FBBMxairTATioN. 

FepoBla (Botany), The elepfaattt apple Ixee 
(Feronia eliphantum; order, Butaeeee) ef Xndila 
yields a gum resembling gum arabio. Its wobi 1 b 
also valuable. 

Fflrrioyanide Pviiiting ProeeBB (Photo,) Paper 
is coated with a solution containing potassium feiti- 
cyanide and a ferric salt (ammonio-oitrate). Ex- 
posure under a negative (or tracing, etc,) rendeiS' 
the salts insoluble, where they have been acted upon 
by light. The process is completed by washing with 
water, when the salts which have not been acted on 
are removed, leaving white lines on a blue ground. 

FerricyanideB (Chem.) Salts of Hydbofebbi- 
CYANic Acid, HjFo(CN)g (g.v.) 

FeFPOcyanide Printing ProoeBB (Photo,) Paper 
is coated with a solution containing citrate of iron 
and ammonia, and ferric chloride. Exposure is made 
in accordance with the ordinary method of contact 
printing, and the print is developed with a solution 
of potassium ferrocyanide. When the details have 
become clear, the print is rinsed and put into 
dilute hydrochloric acid, giving blue lines on a w'bite 
ground. 

FerrocyanideB (Che^n,) Salts of Hydbofebbo- 

CYANIC A«id, H^Fe(CN)^ C^.’’*) 

Ferromanganese (Met,) A name applied to pig 
iron with a high percentage (20 or more) of 
manganese. See Iron. 

FerroBoferrio Oxide (Chem.) Tbipbrrio Tb- 
TROxiDE, Fcj|0<. See Ibon Compounds and 
Magnetite. 

FerruginouB. Cariying or charged with iron. 

Ferrule. (1) A short tube into which tw’o parts 
of an object fit. (2) A wooden tube or ring used 
for making a watertight joint between a tube of a 
surface condenser (q.v.) and the plate into which it 
fits. (3) An iron ring used in foundry work to 
support the end of a core. 

( Watches, ClocJta). A small pulley used for ^ 

rotating drills, or pieces of work that have to be 
turned or otherwise operated on. 

Ferrum, Ferric, FerrouB (Chem.) Ferrvm is the 
Ij:itin name for iron ; from it is derived the sjjhibol 
Fe for iron. This metal forms two series of salts« 
viz, (1) Febbic Salts, in which iron is tri valent 
(see Valency) ; (2) Ferrous Salts, in which it is 
itivalent — e.g. ferric chloride, FeClj, and ferrous 
chloride, FeCl^. See Iron Compounds. , 

Ferula (Botany), A genus of the order Urn- 
helliferof, Asafostida and Gum Galbanum (g^.e.) 
are derived from certain species. 

Fescue Grass (Botany). Festuoa sp. (order, 
Graminea*), A large group of grasses of over ninety 
species. Many of them are v^ued as meadow and 
pasture grasses. 

Fesse (Her.) One of the ordinaries. It is a band 
occupying the central third part of a shield. See also' 
Heraldry. 

Fetter Look (Her.) A padlock and leg iron. 

Pettier (Foundry), A workman who trims up 
castings after they are taken from the mould. 

Fettling (Eng., Met., etc.) (1) Trimming up cast- 
ings ; removing fins, cores, etc. (2) Material used 
for lining puddling furnaces. It usually oonsista 
largely of iron oxides. See adso Bull Dog. 
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Fettling iWooVsn Marntfac,) The operation of 
'Cleaning the card clothing in scribbling and carding 
machines. 

Fibres (Botany). Plant cells which have lost 
their protoplasm and have their walls thickened and 
lignified. The cells are usually pointed at the ends^ 
and are often of great length. They constitute the 
elements of the h^d bast (^.v.) 

Fibrin (Chem.) A substance of unknown formula 
produced when blood clots. It forms tenacious 
elastic fibres, and is coagulated by heat, alcoliol, and 
prolonged contact with salts. It readily dissolves in 
acids. 

Fibrinogen (Chsm.) A jellylike tenacious solid 
of unknown formula : insoluble in water, soluble in 
salt solutions and in alkalis. It occurs in blood, and 
is converted by an enzyme (thrombin) present in 
the white corpuscles into fibrin (q.v.) and a small 
quantity of another albumin. 

Fibrous Plaster (Bee.) Plaster ornaments usually 
backed up with canvas and ready for placing in 
position by the plasterer. 

Fibrovascular Bundles (Botany). The strands 
of conducting tissue in the root, stem, and leaves of 
a plant. l?he bundle may consist of wood (Xylkm) 
oidy, or wood and soft bast (Phloem), or (^ambium 
may be present in addition to wood and bast. The 
prefix “fibro” indicates the presence of haid bast 
associated with the bundle. 

Fibula (Archepol.) A clasp or brooch (q.v.) 

(Zoology). One of the two bones forming the 

lower part of the leg, i.e. the part between the knee 
and the ankle. The other bone is the Tibia (q.v.) 

Fictile (Pot.) Pertaining to pottery or the potter’s 
art. 

Ficus (Botany). An important genus of the order 
Mora(‘ece. Many species yield economic products, 
aucL as figs (from Picus cuTira), indiarubber (from 
Fievs elastica). The banyan is also a species of this 
genus. 

Field (Elect.) The Electric Field is the space 
in the ^ neighbourhood of an electrified body, or 
bodies, in which electrical phenomena are produced 
by the body. A Magnetic Field is a space leaving 
the same relation to a magnetised body. In both 
cases the medium filling the space is traversed by 
the Liniss of Force (fj.v.\ and is subject to stresses, 
which are of the nature of tension along the lines of 
force and pressure at riglit angles to them. 

(Her.) The surface of the shield. 

or Field of View (Ojfticn). The space or 

area which is visible at one time through a lens or 
Bystem of lenses. 

Fielded Panel (Carp.) A raised panel with a flat 
aurface in the centre. 

Field Hagneta. The magnets producing the lines 
of force w’hich arc cut by the conductors of an 
armature. See also Dynamo. 

Field of View (Astron.) The portion of the 
heavens visible in a telescope. 

Field’s Syphon Flush Tank (Hygiene). Field’s 
flush tank is one of the best in use for automatically 
flushing sewers and drains. It can be adapted for 
•either purpose. If for sewers, it is built of brick- 
work ; and if for drains it is made of galvanised iron 
to any required size. It consists of a main tank, 
with a small chamber beneath. Into this chamber 


the long leg of the syphon dips after passing through 
the floor of the tank above. Covering this pipe in 
the interior of the tank is a bell shaped arrangement, 
which passes nearly to the bottom. This constitutes 
the syphon. A tap from the rising main is connected 
with the tank, and the interval between each flush 
is regulated by the supply of water from the tap. 

Field’s Tubes (Eng.) See Boilers. 

Fiery Mine. One in which explosive gases (Fire 
Damp) are given off. 

Fig (Botany). Fiou4( earica (order, Moracece). 
The dried fruit forms the well known dietary article. 
It is imported from Smyrna, 

Figging (Soaji Manufac.) A characteristic spotted 
appearance in soft soaps due to the presence of 
specks of stearate of i)otash. Supposed to be an in- 
dication of quality, though why i.s not quite clear, as 
starch, clay, or steatite is sometimes used to produce 
a figged appearance in soaps which coutalu no tallow 
or other source of palmitic or stearic acids. 

Figured (Her.) When the Iiut 9 *n visage is shown, 
as on the sun. 

Figured Bass (Music). The bass part only of a 
composition, with figures above to denote the chords 
to be added. 

Figured Harness (Silk Manufac.) See Mountubb. 

Figurine (xtr^, etc.) laterally, a small figure. 
Applied to small sculptured figures and statuettes. 

Filature (Silk Manufac.) A superio]' quality of 
raw silk reeled by Eurojiean methods. 

Pile ( Her.) Another term for Label {q.v.) 

Files. The file is one of the jirincipal hand tools 
of the engineer and of other metal workers. It 
con.''i.''ts of a steel blade or body, of viuy variable 
form and size, fixed into a vi^oodcn bandit*. Teeth 
of suitable form and size are cut on the blade, and 
tbc latter i.s hardened and temjM'red. Files may be 
classified and described according to tiioir form, use, 
and the nnturo of their leoth. Most of the terms 
used to describe the form require no explanation, 
parallel, taper, round, lialf round, three sided, etc. 
Pillar and Cotter Files are narrow files of 
rectangular section. A Liffler is a bent file, used 
for filing a concave surface. Knife Kdged Files 
have a section of the form of a narrow V. Feather 
Edged Files have a rhombic section, with two vei-y 
acute and two very obtuse aiigle.s. Tlie teeth or 
Cut of a file may bo described as Rough, Middle, 
Bastard, Keoond Cut, Smooth, or Dead Hmooth, 
according to the number of teeth per incdi, wliich range 
from 12 or 14 to 100, or even more. The teeth of an 
ordinary file fonu tw’o s(its crossing each other at an 
angle ; this arrimgem<;nt constitutes the DOUBLE or 
Cross Cut. A file with a single set of teeth is usually 
termed a Float. A Bafb Edged File is one which 
has one side or edge without teeth. Rasps may be 
conveniently grouped with file.s, though their ustj is 
chiefly confined to the wood working trades. The 
form and prociess of manufacture are similar to those 
of files ; but the teeth consist of “ burrs ” thrown up 
by a pointed punch, instead of the straight-edged 
chisel which is used in making the teeth of a fili 
Filigree, Filagree. Delicate metallic lacework, 
generally gold or silver, formed into ornaments. 
Filigree work was introduced into Europe from the 
East by the Italians. Old filigree work was generally 
ornamented with small beads. 

Filler (Bee, ) See Filling Up. 
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Fillet {ArchiteiJt^ Jl small flat face used to 
separate mouldings or to strengthen the upper edge 
of a crowning moulding. The narrow band separat- 
ing the flutes of a column ox pilaster. It is also 
kuown as a Listel. 

(Hind,) A tool used in finishing to 

produce single, double, and other gilt lines. In 
England fillets consist of brass wheels which are 
heated and rolled over the work. On the Continent 
these tools are mostly flat, and are believed to 
produce brighter gilding. 

(Carp,) A narrow strip of wood : a flat 

band. 

( Coins), The ribbon of metal from which the 

blanks {q,v.) are punched. 

( Cost,') A narrow band, generally of some 

woven material, used to keep the hair in place. Bach 
a band was worn by both men and women in Ancient 
Greece. Cf, Diadem and DiADUMENua. 

(Eng,^ A general term for a narrow 

band or strip of material, usually projecting above 
the general level of a .surface. 

(Her.) The diminutive of the Chief (q.v.') 

See also Hkualdky. 

Fillet Ground (Lace Manufar,') A net with 
absolutuh bcpuins holes, similar to canvas, but more 
defined ami ‘‘ lacey” in appearance. Made upon all 
descript ions of lace machinery. 

Filleting (Build,) A band /)r strip of cement in 
the aiiiiile where the .slates on a roof touch the wall, 
instea<l of stop flashing (q,r,) 

Filling (Soaj) Mannfac,') The treatment of sc:'ps 
to enabh* them to entry an excess of water or other 
weight giving materials, sucli as paraffin, and petro- 
leum hydrocarbons, without rendering the soap too 
.soft for ordinary use. Cold-made tran.sjrarent soaps 
are often Ijeavily tilled, and also sugared, 

{Woollen Ma7iufar.) The American term 

for AVkft Yarn. 

FiUing Up (Dee,^ The process of bringing a 
surface to a level before jrainiing or between the 
application of the coats. Small inequalities arc 
stopped (q.v.) with putty, but filling up is always 
necessary when the surface is iincvi'n. A good filler 
for a plastered surface is made by mixing fine plaster 
of Paris, whiting, and warm size. For })aint work a 
mixture of while lead, yellr»w ochre, and gold size 
answers well, but a patent filler, manufactured at 
Merton, is much superior when hard wood such as 
oak is to be “natural finished” (q.v.) A paste filler 
composed of starch, silex, or some other fine 
substance, mixed with varnish, etc., is used to fill 
.the grain of the wood. 

Fillister ((^arp.') A rabbet plane with movable fence. 

Film. Any very thin layer of material, especially 
of a flexible nature. 

(Photo.) (1) A thin layer of celluloid coated 

with sensitive emulsion, and forming a dry plate on 
which nc^tives can be made. (2) The actual layer 
of sensitive emulsion, whether it be supported on 
glass, paper, or any other material. 

Filter. See Filters. 

FilterpreBB (Chem, Eng.) A series of recessed 
plates, separated by a filter cloth, are arranged in a 
norizontai frame, which carries the plates or sections. 
The material to be filtered is passed under pressure 


into the sections until a solid cake is formed in 
the plate-ohambers, the liquid portion passing amy 
through the filter cloths into a common colleoring 
trough. These presses have been called into ftxist- 
ence by the need in the chemical and allied industries 
for rapid filtration in manufacturing operations. In 
conjunction with the centrifugal hydro -extractor, 
the perfecting of these presses constitutes one of the 
most marked advances in the development of chemical 
plant by chemical engineering. They are very ex- 
tensively used for pressing sewage sludge, the lime 
mud from causticisers, the separation of precipitated 
pigments in the colour industry, the removal of water 
from pulp in paper manufacture, and nnmerous other- 
applications for the separation of solids from liqnida 
in the soap, candle, oil cake, paraffin wax, tar dis- 
tilling, and general chemical industries. The most 
modem presses of a certain class provide for the 
“ cake ” being washed free from mother liquor in the 
press, without taking the plates apart or handling 
the material. This is a feature of great importance 
in some processes, such as the manufacture of zinc 
white, lithoponc, and precipitated chalk, where the 
sejiaration of the solid in a pure state is the primary 
object of filtration. 

Filters (Chem., Eng.) Many special t;^es of filter 
are employed for the filtration of water for industrial 
purposes* and the purification of manufacturers*^ 
waste waters. U'he majority consist of concrete or 
iron tanks containing a graduated filter-bed of 
clinker, gravel, and fine sand, but with special 
mechanical arrangements for distributing the water 
evenly over the bctd, and periodically washing away 
the collected impurities. This is effected (after 
stopping the flow of water) by rapid back-flushing, 
the fine sand often being loosened and stirred by 
revoh-ing arms, so that the bed is quickly cleansed 
with a small volume of water. There are at least 
six well-known 6> stems in operation, and in some 
the filter-lank is covered so that the filtration (by 
gravity) may be accelerated pressure. 

(Hygiene). To properly perform their- 

function, filters should prevent the passage of 
pathogenic organisms through their substance ; i.e. 
they should sterilise the water. Public supplies are 
purified by means of beds of sand and gravel. I'heae 
vary in depth. In the London Water Companies* filters 
the depth of sand ranges from 1 tt, fiin. to 4ft. 3 im 
The selection of a domestic filter is of considerable 
importance, as the use of one which is not competent 
gives a false security, and may play a conspicuous 
part in the spread of disease. The best domestic 
filters arc the Pasteur-Chamberland and the Berkfeld. 

Filtration. The process employed to separate 
solid particles from a liquid. In the labomtory 
circular sheets of unglazed paper are used, the pa]>er 
being folded into four and supported in a glass 
funnel. When the liquid attac ks paper, a plug of 
lu^bi^stos, guncotton, or glass wool is used. If it is 
desired to hasten the filtration, the paper may be sup- 
ported in the funnel by a small platinum cone, and 
the funnel fitted into a vessel from which the air can 
be pumped out. In filtering water on the large scaio 
for use in towns, sand and stones are used ; a typical 
filter of this kind is ; fine sand, 24 in. in depth ; 
gravel, 12 in.; and boulders, 12 in. Tlie action 
of a filter of this description is, however, not merely 
mechanical — a slime forms at the top of the sand in 
which bacteria grow, using up the bacterial food 
supply in the water, while the products of bacterial 
life pass through with the water and largely stop 
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ihe growth of bacteria through the filter. In enoh 
jOilteis the water is introduoed/riMn beloto. 

Filtration ( Ckem,^ JEng,) The industrial ap^cations 
are many and varied. See Filtbbpbess Filtbbs. 

Fimbria. A fringe. 

Fimbriated (Her.) Bordered with a narrow band 
•or edge; e.g, the white edging which borders the 
Cross of St. George and the Cross of St Patrick on 
the Union Jack or fiag of England. See Union 
Jack. 

Fin A thin projecting edge on a casting or 

foxging formed by metal forcing its way between the 
two hSves of the mould or die in which the object 
was oast or forged. 

(Zoology). A flattened expansion of the body 

in fishes. The paired fins correspond to limbs, while 
the unpaired fms are merely special swimming 
organs. 

Finder (Astron., etc,) A small telescope of low 
power with a wide field of view, which is attached to 
largo telescopes in such a manner that wiien a star 
is approximately in the centre of the field of the 
finder it is somewhere within the field of view of 
the large instrument. 

Fine Metal or White Metal (Mrt.') The Matt or 
Beoulus in the later stages of copper smelting, 
•containing 60 to 80 per cent, of copper (q.v.) 

Fine Stuff (JSvild.') Slaked lime and fine sand, in 
the proportion of one to two. 

Flnial (Architect.) An ornamental feature at the 
top of a pinnacle, gable, etc. It is frequently carved 
to represent a buncli of foliage. 

FUdi (Art). The result obtained by a careful 
attention to detaih in the execution of a work of 
art. 

— (Build.) The last coat of paint, plaster, etc., 
laid upon any surface. 

(Woollen Mmvfac.) A special kind of 

routine of finisliing a woollen fabric to obtain a short 
and lustrous nap or pile on the face by successive 
boiling and raising. 

Finilhind (Bind,) The gilding, blind tooling, and 
•Other ornamentation of book covers. 

(Leather ^Manvfac.) Tljis process includes 

the seasoning and glazing of leather. 

Finiahing Cut (Bng.) A very fine cut taken in a 
lathe or machine tool in order to produce a good 
surface on the finished work. 

yinl^hiiig g ( Build, ) The name gi ven to t he j oinery 
fixed in a building. 

FiniBhiag Stove (Bind,) A gas stove having a 
large circular plate top and an outside ring. The 
handles of finishing tools rest upon this ring while 
the metal ends are being heated on the plate. 

Fiords (Geology), A term loosely applied to any 
steep-sided valley, shaped, in the first instance, by 
rain and rivers, and afterwards lowered so that the 
sea has been admitted. Those of Norway are typical. 
In many instances the bottom of a fiord i.s deeper in 
the middle than at the seaward end, so that such 
depressions are more of the nature of lake basins 
which have been carried, by local subsidence of the 
Barth’s crust, beneath the sea. It has been pro- 
ffosed recently to limit the term fiord to cases of 
this kind. Browned valleys in most districts that 
have bees glaciated would then come under this 
desi^natiou. See Gx^AClBB. 


Fir. See Woods. ^ 

Fire Bars (Eng,) Castings fomuDg the grating 
at the bottom of a firebox or fumaoe. They axe 
made separately to admit of easy removal. 

Fire Beacon (Her,) An iron basket, with con- 
tents alight, on a pole against wliich leans a ladder. 

Firebox (Eng.) The part of a boiler which 
actually contains the fire. See Boilkbb. 

Firebrick Arch (Eng.) The structure in a loco- 
motive boiler which deflects the flames and hot gases 
backward. See Boilers. 

Firebricks. See Bricks. 

Fireclay (Geology), A term applied to any kind 
of clay tluit will stand exposure to the high tempera- 
ture within a furnace without fusing. Tlie essential 
foaiure in the composition of such a rock is that it 
shall contain little or nc) alkaline matter or any other 
substance that would tend to act as a flux. Fireclay 
sometimes occurs in association with beds of coal, 
but there is no necessary cc»nneCTion between the 
two kinds of rock. See Dinas Clay. 

Fire Cracked (Pot.) Ware is described as fire 
cracked if when removed from the bisfiue oven a 
crack is found which is traceable to the bisque firing, 
and which was not present in the clay stage of its 
production. 

Fire Damp (Mhmtg), The coal miner’s name for 
Methane uj.v.) 

Fire Damp Cap (Minwg), The name given to the 
mantle of burning methane (fire damp) which sur- 
rounds the flame of a Davy safety lamp in a fiery 
mine. 

Firedog. Sec Andiron. 

Fire Door (Eng.^ Met,^ etc,) The door of a furnace 
or boiler. 

Firelock (Anm), An early form o£ gun, with a 
lock for proiliicing a spark to ignite the priming : 
u.sed first in the seventeenth century. The earliest form 
of gun of this kind was a Wheel Lock, the later 
kin<l a Flint Lock. 

Fire Opal (Min.) A varit.ty of opal (q.v.) showing 
red and 3'ellow flashes. From Cornwall, Mexico, 
Guatemala, and the United Slates. 

Fireplaces^ Open (Tlygiem). As a means of 
heating, open fireplar^es are the most expensive in 
use. The} are extravagant because t}\e heat is not 
all utilised, nor is it distributed uniformly; they 
give up to the room only a very small portion of the 
heat yielded by the fuel, the remainder passing up 
the chimney. They, however, ha\e the gi*eat ad- 
vantage of providing an excellent means of ventila-* 
tion, and are certainly pleasant in effect. In 
constructing fireplaces, the following principles, laid 
down by Teale, should be aimed at : (d) As much 
firebrick and as little iron as possible should be 
used ; (^) the back and sides should be of firebrick ; 
(e) the back of the fireplace should lean over the tire, 
while the throat (jf tlie chimney should be contracted; 
(d) the bottom of the fireplace should be deep ; (e) 
all slits in the bottom of the grate should be as 
narrow as possible ; (/) the bars in freut should be 
narrow; (q) the sp^e between the floor and the 
bottom of the fireplace should be closed in front by 
a close fitting iron shield called an economiser. 

Fire Prevention. S^a Pbevsntion of Fibb. 



Flvepvoof Bfllilt (fieo.y Paints various colours 
in which asbestos is mixed to prevent their ready 
combustion. ^Xhe paints are increasing in demand, 
especially for vi^e in large buildings. So-called fire- 
proof structures are frequently rendered very inflam- 
mable by the nature of the interior work and fittings, 
which, when painted in the ordinary way, cause a 
spread of fire at the most important point, namely 
at its inception. CABBOBUXDiTBi (ff.v.) promises to 
be very useful in this connection. 

Five Test. iSbs Flashing Point. 

Fire Tube Boiler {JSng,') A boiler in which the 
tubes carry the hot gases, as in a locomotive boiler. 
Also called a Multitubulak Boilkb. It is to be 
distinguished from an ordinary tubular boiler or a 
water tube boiler. See Boilbbs. 

Firing (^Ung.) (1) Attending to the fire in a 
furnace or boiler. (2) The un<lue heating of any 
part of a machine through friction. (3) A general 
term for ignition, especially the Ignition of the 
dHABaE (g'.v.) in ga^eiigines. 

(JPo^.) The process of exposing the clay 

goods to the heat of tlie kiln. 

or Ignition Chamber The space 

in which ignition occurs. See Gas Engines. 

Firing Tools etc.) The tools used in 

stoking and trimming a fire. 

Firmer Chisel etc.') A stout chisel, stronger 

Ilia n a paring chisel but slighter than a 

mortiftirig chisel. It is intended to be used by the 
hand alone, and not, as a rule, with a mallet. 

Firmer Gouge (Carp., etc.) A gouge similar to 
a firmer chisel (g.r.) in strength, and used in a 
similar raannor. 

Firring or Furring ( Carp , ) See Furring. 

Fir Seed Oil. A drying oil made in limited quan- 
tities from the seeds of various pine trees. It is 
sometimes used in paint and varnisih making. 

Fir, Silver. Si>e Woods. 

First Point of Aries (Aatj’on.) The point of 
Intersection of ihe Ecliptic and Celestial Equator, 
through which the sun passes from the south to the 
north of the equator. Tno other point of intersection 
is called the First Point of Libra. 

First Point of Libra Sec First Point 
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First Proof (Engrav,, etc.) A proof taken from a 
plate before the inscription, etc., has been engraved 
upon it, ’ Proofs (ff this description are generally 
signed by the engraver, and arc of greater value 
than those printed subsequently. Sometimes termed 
** proofs before letters.” 

First State (Engrav.) The term is applied to a 
proof printed from a plate which has not received 
the final touches, or to a proof, whether finished or 
not, which differs from the proofs of the second 
printing. 

First Water (Oems), Of the highest quality or 
finest lustre. Applied principally to pearls and 
diamonds. 

Fir Wool (Botany)* A material in the form of 
wadding or sheets, made from cotton wool impreg- 
nated with an extract of pine leaves. B'ormerly fir 
wool was made from the leaves themselves. 

IVIlh (JSer,) All species are used as charges. 


Fish Bellied (Eng,) Girders, etc,, which are 
curved so that their lower surface, seen in profile^ 
is convex downwards. 

Fished Joint (Eng.) A joint made between two 
rails, beams, etc., by drilling bolt-holes in the endB» 
bringing the ends together, laying on each side a 
plate (termed Fish Plates) having holes corre- 
sponding to those in the ends of the rails or bcams» 
and bolting the whole together by Fish Bolts, or 
long bolts passing right through the rail and the 
two plates. 

Fish Plates or Fishplates (Eng*) A kind of 
tie-i>late chiefly used for connecting the ends of 
railway “ metals” or rails. See Fished Joint. 

Fishtail Burner. A gas burner giving a lUvt 
luminous flame. 

F.I.T. Free in Truck ; i*e, goods which axe 
loaded on trucks at the expense of the consigner, 

Fitch (Dec.) A small hoghair brush used in 
delicate decorative work such as lining, picking out 
ornaments, enrichments, etc. Fitches are made 
round and flat and also with a bevelled edge, the 
latter being used for lining (q.v.) 

Fitchee (Her.) Pointefl at the end, so that the 
object may be fixed in the ground. * 

Fitter (Eng.) The workman who carries out the 
bulk of the hand work in engineering shops. The 
litters produce the most accurately finished work on 
parts which have been more or less correctly shaped 
with the machine tools. 

Fitter’s Bench (Eng.) A strong bench for hand- 
work. 

Fittig’s Reaction ( Chem.) A method of preparing 
homologues (see Homologous ISeuies) of benzene. 
Clean sodium is dropped into a mixture of phenyl 
iodide (iodobenzene) and an alkyl (q.v.) iodide dis- 
solved in dry ether — the flask being kept cool. The 
following reaction takc.s place when ethyl iodide 
is used : C^IT^I + 0.,H J + 2Na = + 2NaI. 

Fitting (Eng.) The hand or bench work involved 
in the construction and finishing of metal objects in 
meclianical engineering shops. 

(Soap Manufac,) The treatment of curd 

soap to remove excess of free alkali. After the 
” made ” soap has separated from tlve ley, tlie paste 
(q.v.) is treated as wet steam, which dilutes the ley 
still entrained in the soap grains. When the desired 
stage of dilution is readied (coarse fit, fine fit, etc.), 
th? whole stands for about twelve hours, and separ- 
ates into three layer.*? : at the bottom N egub, com- 
posed of weak ley, dirt, metallic coloured soaps, and 
suchlike impurities ; at the top a solid crust or Fob 
of fi-othy soap ; and in the middle the Nest 8oap. 
Genuine fitted soaps usually contain considerably 
more water than curd soapsi i.e. about 30 per cent, 
if unsilicated. 

Fitting! {Eng.) (1) The smaller parts of a 
machine, etc., constructed separately and afterwards 
added to the main part. (2) The accessories on a 
boiler-shell, such as safety valve, gauge glass, etc. 

Fitting Shop (Eng.) The shop where the hand work 
or Fitting is carried on. Its necessary appliance! 
are a vice, hand tools, gauges, and measuring tools. 

Fixed Cutters (Carp., etc.) Large tools resembling 
lane irons fixed in a bench, over which wood is 
rawn by mechanical power for planing up. The 
arrangement corresponds to a large inverted plane 
which is kept fixed while the wood is moved, < 
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Fixed Eocentrio (.JEng.') An Eogbntbio ($.v.) 
keyed to its shaft; now alinost universally used. 

Fixed Expaneion {Sng,) An arrangement or 
adjustment ot the Blide Valve (^.v.) of an engine 
by which the cut off always occurs at the same 
instant, e.g, at one>third of the stroke. An adjust- 
able cut off allowing variable expansion is preferable, 
as the amount of steam used in each stroke can then 
be modified to suit the power which the engine is 
required to develop. 

Fixed Oils (.Bee.) The true oils, i,e, glycerides, 
such as linseed, walnut, poppyseed oils, which are 
not changed by heating and distillation. They thus 
differ from the Essential Oils or volatile 

spirits, and harden on exposure to the air. 

Fixed Pulley ^Eng.) A pulley keyed to its shaft. 

Fixing (^Phato.) The removal of the unaltered 
silver salts from the film after development, carried 
out by means of a .solution of sodium thiosulphate 
(hypo) or with potassium cyanide. These act by 
forming a soluble double salt with the silver, which 
readily diffuses out in the washing water. 

Fixing Fillete {Build,) Slips of wood built in 
the joints of brickwork to which the joinery is 
fixed. 

Flag or Flagstone. A paving stone, especially 
one of those natural stones (commonly sandstone) 
which split easily into llat slabs suitable for pa\iug. 
See Flagstones. 

FlagBtoneB(f^f<7Z.) Thin beds of sandstone which 
can be easily quarried in the form of slabs suitable 
for paving stones or for rough slating. In the north 
of England a flagstone quarry is often referred to as 
a slate quarry. The best flagstones arc those from 
the Orcadian or Middle Old V.ed Sandstone of 
Caithness and Orkney. Next to these are the Car- 
boniferous Flcjgstones of the north and mhlland 
counties of England. Some of the Jurassic rocks 
also yield good flagstones. 

Fianches (Her.) Always in pairs, and formed by 
two c urved lines extC3nding from upper angles of 
fihield to the respective base points, the curves being 
inwards. 

Flake White {Paint, and Bee.) The name given 
to pure, finely ground white lead when esi)ecially 
prepared for artists’ use. 

Flaking {Bee.) A defect in distemper {q.v.) in 
which the paint flakes off, owing to imperfect 
adhesion with the .surlace to which it is applied. 
May sometimes be avoided by adding sulphate of 
zinc to the distemper. 

Flamboyant {Arehifert.) The name given to the 
later period of French Gothic architecture, contem- 
poraneous with English Terpendicular Gothic, The 
principal characteristic of Flamboyant work is the 
namelike form of the window tracery. In late 
English decorated work Flamboyant tracery is occa- 
Bionklly used, but this can always be distinguished 
from the French by the mouldings, Dbcokated. 

Flame {Chem.) A flame is gaseous matter iai.sed 
to such a temperature by chemical action that it is 
incandescent. Two kinds of flame may be distin- 
guished — the luminoms and non-luminous. The 
flame of a candle may be taken as a type of the 
former, and the flame of a Bunsen burner or of a 
gas Btove may be taken as a t^pe of the latter. A 


candle flame can be seen to consist of {a) a blue 
region at the base of the flame, forming the outside 
part of the flame ; {b) a dark inner region surround- 
ing the wick and extending to some distance above 
it ; {e) a luminous region exterior to the dark region 
and interior to the blue region at the base; {3) a 
brownish, nearly non-luminous sheath of small 
extent surrounding the luminous region above and 
merging into the blue towards the lower part of 
the flame. The dark inner region {b) consists of 
gases formed by vaporisation of the fat of the 
candle; these gases are undergoing decomposition 
owing to the heat generated by the combustion 
going on in the two regions {a) and (d) exterior to 
the dark zone. These gases can easily syphoned 
off by a pi(‘ce of narrow gas tubing and burnt. This 
dark region {b) is comparatively cool. The highly 
luminous region is produced by incomplete com- 
bustion of the g:ise‘< of the dark region; here 
hydrocarbons, rich in oaiboii, are produ(;ed, and burn 
with a luminous flame, and solid carbon separatee 
and is raised to incandescence J*.y the high tempera- 
ture produced by the processes of combustion 
occurring in this region. In the outermost rone the 
combustion is pi-actically comi*Ietcd, and this is the 
hottest part of the flame ; a thin phitinum wire 
introduced just within this region can be melted. 
A luminous gas flame is very similar to the candle 
flame ju»t described, A non-luminous flame can bo 
obtained by burning coal gas in two ways: (1) 
mixed with air or oxygen; (2) mixed with gases, 
such as nitrogen, carbon dioxide, hydrogen, etc. 
Hence it appears that non-luminosity is jirtSuced by 
the more complete Cf^mbustion which occurs on 
burning coal gas mixed .wMth oxygen, and also by 
the diluting action of inert gases. In the Bunsen 
flame or gas bto\e flame these two causes act to- 
gether. The diluting gas nitrogen tends to lower 
the temperature of the flame ; but the more complete 
combustion which goes on throuirliout the flame 
more than counterbalances the cooling effect of the 
nitrogen. In the Bunsen or gas stove flame there 
are only two juirts : an inner dark or bluish part iff 
uuburned ga'i coire.s})oruling to the tlark region (ft) in 
the candle flame; an outer, marly nou-luminous part 
where combustion is c(mj)letc. The heated gases 
of the inner region are eaj)ablG of bringing ahmit 
Keducing Reactions; that is, of abstracting oxy- 
gen from metallic oxides, etc. The top of the outer 
region and tlie outer margin of it can effect Oxidis- 
ing Actions, e.g. change a metal to its oxide. A 
blowpipe flame icsembles a Bunsen flame. In the 
coal-gas flame the outer part, wdiere combustion i.s 
most active, is positively electrified, while the inner 
part is negatively electrified. The gases escaping 
from nearly all flames are ionised, and thus have the 
power of di-scharging electrified bodies. When 
certain metallic oxides are brought into a hot, nun- 
luminous flame, they become highly incandescent; 
e.g. the oxide.s of magnesium (MgO), aluminium 
(AljOg), calcium (CaO), etc. The Rimeliqht and 
the' Welsbach Bubnek are applications of this 
fact : in the former the oxyliydrogen flame or the 
oxygen coal-gas flame is made to impinge on a 
cylinder of chalk or lime; in the latter case an 
ordinary non-luminous air-coal-gas flame is made to 
iflay upon a mantle composed of 99 per cent, of 
thorium oxide and 1 j)er cent, of cerium oxide. The 
nitrates of these metals in the proper proportions 
are dissolved, and a suitable fibre soaked in the 
solution ; on burning away the fibre, a sk^ton id 
the oxides remains. 
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Flame Plates part of a firebox on 

which the flames of the fire impinge. 

Flamey Sensltlye (JPAy«.) A gas flame, when the 
resBure of the gas has been increased until the 
ame is on the point of flaring, is very sensitive to 
sounds, especially those whoso pitch is very high. 
Such a flame is frequently used as a detector of 
high-pitched notes. The gas pressure should be 
about 8 in. of water, i.e» four times the ordinary 
pressure of the liouse supply of coal gas. 

Flang (Miii.inff'), A Cornish name for a two- 
pointed i)ick. 

Flange etc.) A projection (usually with at 

least one plane surface) running round an object, 
e,q. the disclike projection at the end of a cast iron 
steam pipe, by means of which it is fixed to the ad- 
joining length of pipe or the projecti(»n running along 
a girder {q.v,) The term is also applied generally 
to any continuous flat surfaced projection which is 
(usually) at rigid angles to the main surface of the 
object to which it is attached. 

— — or Flanged tShuck {Eng.) A face plate, 
i,e. a broad, disc-like clmck whose ])lanc surface is at 
right angles to the axis of rotation. 

Flange Coupling (A'a/7.) A coupling or connector 
bclwcon two lengths of shafting, which consists of 
two castings rosembliug face plates with collars ; 
each is keyed to the end of its piece of shafting, and 
the two are fastened together bj' bolts. 

Flanged Beam or Girder (E/iq.) A beam which 
in section is in l lie form of a letter 1. 

Flanged HvitCEnq.) A 'Nn* («2'.?\') with a flange 
resembling a Washeu 0 /.v.\ but ma<lc in one picv,^ 
with the nut. It is sometimes more convenient than 
a separate w-asher. 

Flanged Pipe {Eng.) A j)ipe having a flange {g.v.) 
at the end by moans of which it can be bolted to a 
similar pipe or seating. 

Flanged Rail (^Eng.) A rail with a flat flange at 
the bottom by which it is fastened down (cf, tram- 
way rails); the ordinary ft)rm of rail now used on 
most kinds of periiianent ivay is reversible, known 
as the DortJLK Hij.adkd Rail, and has the same 
section at the top ami bottom. 

Flanged Scam (Eng.) A joint (made by two 
flanges) in a lurnaee tube, to allow of exiunision and 
contraction during lu-ating and cooling. The flanges 
/ire connected by a lingof wrought iron, often dished 
or corrugated. 

Flanged Wheel (Eng.) A wheel with a flange 
round it, e.g. an on i inary locomotive *or railway 
carriage wheel. 

Flange Joint (Eng., < tc.) Iron pijies havingflanges 
at their ends for bolting together instead of spigot 
and socket. 

Flangeg on Cylinders (Motor Cars, etc.) Flanges 
are cast on the outside of the oylinders of small 
air cooled motors to iiiereaso the radiating surface 
and thereby aid in cooling tho cylinder; they are 
usually termed Pans or llADiATTNa llins. 

Flanging (Eng.) The formation of a P'lange 
(g.v.) by “up-setting” the end of a wrought iron 
tube by forging. 

Flanks (Build.) The sides of a structure, 
especially of an arch (g^.?’.) 

(Eng.) The lower part of the teeth of a spur 

wheel. 


Flank Wall (Build,) A side wall. 

Flannelette (Tesotile Mmufao,) A fabric with 
cotton warp and a woollen weft ; also a fabric oon» 
sisting entirely of cotton, both being ma^ in 
imitation of woollen flannel. 

Flap (Carp.) In general, a hinged board ; e,g, the 
part of a counter that lifts up : a trap door. 

Flap Trap (Build.) An iron flap on the sewer end 
of a drain. 

Flap Valve (Eng.) A hinged valve ; sometimes 
wholly or partly made of leather. 

Flare Lard. A product obtained from the flare 
of a pig as opposed to the fat from the ham, breast^ 
or biai^k. Jt is characterised by the pronounced 
chisel shaped crystals of steaiic acid which form- on 
the evaporation of an ether soluHon, but which are 
scarcely distinguishable in soft lard. 

Flare Lime (Chem. Eng.) Lime produced in. a 
kiln out of contact with the solid fuel. 

Flaser Structure (Ceol.) A descriptive term 
applied to sc'iistose rocks which were formerly 
massive, and have been slieared or drawn out by 
ililtcrential movements of the earth’s crust during 
the carl ict^ stages in the process of mountain making. 
The edges of 11 ic rock fragments thus sheared have 
a peculiar stringy look like the frayed out end of a 
coni. The structure may occur in rocks of any age, 
but is mo'it commonly met with amongst those of 
great antiquity. 

FlaJBli Boiler (Eng.) A boiler in which water Is 
instantaneously converted into steam by injection 
into tubes heated to a high temperature. Flash 
boilers are often used in steam m(»tor cars, as they 
occupy little space. Soe aUo lioiLEBS. 

Flashed Glass (/V^?.) Eec Glass MANtrpAOTURic 
and Flashing (infra). 

Flashing Sheet lead or zinc, u.9od to 

make a water-tight joint in the angle between a roof 
and a wall, or two parts of a roof meeting at an 
angle. 

( Glass Manufac.) Casing or coating one glass 

with glass of a different colour. 

Flashing Point m- Flash Point. A term chiefly 
applied to mineral oils to indicate the temperature 
at which the oil, on being slowly heated, will give 
off inflanim.'ible vai>our in sufficient quantity to 
“ flash ” or ignite on the application of a light. When 
tho oil is further heated and contiimes burning, the 
temxjcratiirc at which this commences is termed the 
“ fire lest.” Tlie melhods employed for testing the 
flashing points of oiks may be divided into two 
classes, i,e. tho open test and the clo.se test, which 
in this country are chiefly used for lubricating oils 
and illuminants respectively. In the former test the 
cup may be of any reasonable size, containing 
any convenient volume of oil, the “flash** being 
‘tested by passing a small jet of gas over the surface 
from time to time. In the latter the size of the cup, 
contents, rate of heating, size of gas jet, and fre- 
quency of testing for the “ flash *' are all precisely 
defined ; and corrections have to be made for baro- 
metric pressure in relation to vapour tension. The 
standard instrument in this count37 Ib known as the 
ABF4L Cup. Most countries have stringent laws as 
to the storage and sale of mineral oUs based upon 

15 
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what is considered the safe flashing point. In this 
countiy the Government minimum test for burning 
oils is 73° P. (jolose and applies essentially to 
imported oils, all the home production being well 
over 10(1® F. (Abel), The 73® F. standard is consider- 
ably lower than in most other countries, and efforts 
have frequently been made to raise it to 100° P. by 
legislation, but without success. The flashing point 
of other liquids besides mineral oil is sometimes of 
importance, as in the case of paints that arc to be 
used in a confined space, such as a ship's cabin, where 
the accumulation of volatile materials given off by 
the special paints sometimes employed has given rise 
to serious accidents. Special official directions have 
recently been issued for testing such paints, metal 
polishes, etc. 

Flask ( Chent., etc.) A hollow vessel of thin glass, 
with a constriction or “ nock ” at the top. Flasks of 
many forms are very largely used in chemical and 
other experimental work. 

{Eng.) The box in which sand is placed in 

the foundry to form a Mould {q.v.) for tlie .smaller 
sized castings. Flasks arc made in two or inf»re 
pieces whicli can be separated to enable the Pattern 
{q. r.) to be withdrawn, 

Flasques {Ifer.) A diminutive of Flancues ; also 
called voiders. 

Plat {Build.) A flat roof or part of a root covered 
with lead, copper, or zinc. 

{^f^^s^c), A sign indicating that a note is 

to be lowered a semitone; 

Flat Backs {Bind.) Whole bound or half bound 
books whose backs have tiic leather firmly glued or 
pasted to themu The style is nearly ob^olete, except, 
in the case of books subjected to great wear and 
tear, e.g, lending-library books. At present the 
leather is not usually conne< ted to the back of the 
book ; this prevents the back from creasing, and 
causes the book to open better. 

Flat Joint (Build.) A moitar joint flush with 
the face of the wall. 

Jointed (Build.) A flat joint with a groove 

made with a jointer (q.c.) 

Flatness of Field (Photo.) A lens is said to give 
a flat field when tlje image of a distant object is 
equally in focus, whatever part of the screen it 
occupies. A small stop lielps to correct want of 
flatnes.s to a large extent. 

Flatness of Image ( Photo.) An image which is 
weak and wanting in vigour; u.«ually an effect of 
over exposure or poor lighting. 

Flats (Eng.) Iron bar of rectangular section, one 
side of the rectangle being considerably larger than 
the other. Still thinner bars are usually termed 

Strip Iron. 

• 

Flattener ( GIom Manufao.) The workman whose 
duty it is to flatten cylinders into sheets. See Glass 
Manufacture. 

Flatter (Eng.) A broad-faced tool used for pro- 
ducitig fiat surfaces in forging. It is held by a 
hammerlike handle and struck by a sledge hammer. 

Flatting (Bee.) A method of finishing painted 
work without gloss. This is effected by omitting oil 


and thinning wholly with turpentine, a little varnish 
being added to bind the pigment together. As a rule 
the best results are obtain^ by using as a foundation 
a good glossy ground, and finishiug with a coat of 
flatting. 

Flannelling or Flaunoed Work (Bvild.) The 
cement fillet round the bed of a chimney pot. 

FlaTanlline (Chem.) 



(a-para-amidophcnyl- 7 -methylquinoIine). Colourless 
needlc.s sxjaringly soluble in water, easily soluble in 
alcohol ; melts at 97°. Obtainpd by be?ating acetani- 
li<le with zinc chloride, and by condensation of 
ortho- and xmra-amidoacelophcnonc. Its hydro- 
chloride and its sul phonic acid were at one time 
used as greenish yellow dyes. 

Flavanthrene. See Dyks and Dyking. 

Flavine. Sec Dyes and Dyeing. 

Flavone ( Chvnt.) 



(/3-phenyl-y-benzopyrone). The stern or parent siil>- 
stance of a number of important naturally occurring 
.substances, some of which are dvos. Chrysin 
i.s 1:3 dioxyflavone; forms yellow needles, 

and occurs in the bud« of tlic poplar. AriGENIN 
is 1 : 3 : -4' trioxyflavoue, and occurs as a gluco.side 
(apiin> in parsley and cidery ; it is also pale yel- 
low. Lutf:olin is 1:3: 3' ; 4' tetroxjffiavone ; is the 
colouring matter of Wald, an important beauti- 
ful yellow dyestuff. Qx^ekuetin is a : 1 : 3 : 3' : 4' 
pen toxy flavone, and occurs as the glucoside quer-* 
citrin, which is found in the dye wood quercitrin 
bark, in tea, onions, horse che.stnut, etc. It is a 
valuable yellow dye. Fisetin and Morin are 
respectively o : 3 : 3' : 4' tetroxyflavone and a : 1 : 3 : 
2' : 4' pentoxyflavone, and are the colouring matters 
of young fustic and old fustic. 

Flavopurpurin. See Dyes and Dyeing. 

Flax. Linum UHitatunmum (order, Linacece). 
The macerated bast fibres of the stem form the flax 
used in the manufacture of linen. The seeds are 
the well known Linseed. The fibre of the flax plant 
has been used for manufacturing purposes since the 
time of the ancient Egyptians. From the botanical 
name Linum’* we get “lint” and “linen.” The 
German name is “Flachs,” and Dutch “Blasch.” 
The fibrous portion is the inner bark, or rather lies 
between the bark and stem, surrounded by gummy 
matter, which is removed by “ retting ” iq»v,) See 
Linen Manufacture. 
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FlMte CArohitect^ A wooden 
spire, usually situated on the 
ridge of a roof. 

Fled Ware {Pot.') Ware is 
described as fled when at any 
stage of its manufacture after 
the bisque firing.it cracks spon- 
taneously. This is generally 
caused by either too rapid heat- 
ing or too rapid cooling at one 
or other of its burnings. 

Fleece ( Woollen Mannfao.') A 
term applied to the wool wlien 
clipped from tlie s}ieex)’s back. 

Fleece Wool ( Woollen Manu^ 
fac,) Wool grown subsequently 
to yearling. 

Flemish Bond (liviU.) Each 
cour.'^e of bricks belonging to 
this ( lass of bond consists of 
“hcadei s” and rfUrctchcirs ” 
placed alternately. P^ltiiiiish 
B(jnd may eith(^r he single or 
double. Ju tli(' former the wall 
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is fjn*(jd with bricks arranged in Flemish and backed 
with English bond, while in llie latter both the 
facing and backing are Flemish. 


Flemish School of Painting. See Tainting, 
Schools or. 


Fleshing (Leather Maavjac.) llemoval of adher- 
ing fl<‘sh or fat from a skin previous to further 
treatment. 


Flesh Side The side of a leather belt which 

formed tin* inlornal surface of the hide. Tliis is the 
side which comes in contact with the pulh‘y and 
driving wind. 

Flesh Split (Leather Maviifac.) JSec Bag Hides. 

Fleur de Lis. TIjo Imraldic lily ; a conventional 
fl(»wcr eiiibleiu of France. Tlie three lilies of France 
ai’pcarcd on the .Anns of England from 1299, when 
Fidwanl 1. inarritjd Margaret of Aiijon, until 1801, 
when the union of Great Britain and Ireland took 
place. 

Fleurettee or Florettee (Jfer.) Ending in 
fleiir de lis. 

Fleurie ( Her.) Ending in three points. 

Fleuss Pump. Ain Tumps. 

Fleuss Tyre (Oyrlc). See T vkes. 

Flexed (Her.) Curved or bowed. 

Flexible (Bind.) Applied (a) to small Traycr 
books, Bibles, etc., sewn with silk to silk cords; and 
(h) to music, etc., bound without sewing, the backs 
of the leaves being cemented together with an india- 
rubber solution, thus ensuring good flat opening. 

Flexible Coupling (Hmj.) A coupling iq.v.) which 
enables two shafts not in the same straiglit line to be 
connected so as to turn together. It usually con- 
sists of a ball and socket joint; but a Hooke’s 
Joint (q.v.) is .sometimes used. 

Flexible Shafting. See Shafting, Flexible. 

Flexible Tubing* See Tubing, Flexible. 

Flexure or Bending. The bending of a beam is 
measured either by the deflection of a given point in 
it from a straight line, or by the curvature which it 
acquires under the action of the load. 


Flier (Joiner ij). A step parallel in its width. Cy, 
Balanced Steps and Diminished Flies. 

Flight (Build.) A number of oansecutive steps 
between a floor and landing. 

Flints (lyeol.) Nodular concretionary masses of 
imjuire chalcedony, which represent what was 
formerly silic^i of organic origin dispersed through- 
out its matrix. Tlie most familiar examples in 
Britain occur in the Chalks ; but flints are of common 
occurrence in other limestones, oven of Tertiary age. 
M uch of the silica under notice was formerly part of 
the organic structure of sponges. The silica has 
been dissolved by percolating water, and redeposited 
around some organic nucleus at a lower level. It is 
frequently formed by replacement of its matrix. 

Flint Ware (Pot.) The name applied in the 
United States to stone ware. 

Flitch (Bug., Build,, etc.) A piece of metal or 
wood tixc(i to a beam, etc., to add to its strength. 

Flitch Beam er Flitched Beam (Bng.^ Build. ^ etc.) 
A Avooden beam built up round a core, plate, or 
(Central piece of wrought iron, the whole l^ing held 
together by bolts. See also Floobs. 

Flitch Plate Build. ^ cte.) A flitch (q.v.) 

Float {Bng.f etc.) A floating object (wood or a 
thin hollow vessel of metal) which is used to indicate 
the level of water, etc., in a boiler or tank. It usually 
actuates some form of dial or pointer, on which 
divisions representing the level of the liquid are 
marked. 

(Motor Cars). A hollow vessel, usually of 

thin sheet metal, which floats on the surface of the 
motor spirit In one of the chambers of a carburetter 
and by rising and falling with the variations 
in depth of the spirit, acts on a valve and controls 
the supply. See also J^PltAY Cakbubetter. 

(Blast.) A flat rectangular plate of steel, 

with a handle fixed on one side, used for smoothing 
flat surfaces plaster, 

(Textile Mauvfac.) A defect in weaving 

which gives an irregular appearance to the cloth. 
Also a term used in designing to denote the number 
of ends or picks a thread passes over, i.e. four pick 
float, etc. 

or Float Cut File (Bng.) A file with only 

one scries of tcelh, which do not cross, as in the 
ordinary file. See File. 

Floated (Build.) The surface of plaster which 
has i)ecn finished with a float. 

Floating Bridges (Civil Bug.) Bridges carried by 
boats or pontoons u^ed for temporary purposes, 

or in cases where openings have to be made for the 
passage of vessels, or where a g(»od foundation cannot 
bo obtiiined. One of the best examples is at Cal- 
cutta; tliis bridge is 1,530 ft. long and 48 ft. wide* 
and is carried on twenty-eight iron pontoons. The 
bed of the river Hugli is so loose and the current so 
rapid that peu-raanent foundations are not practic- 
able in t his case. 

Floating Card CompaBS. A magnetic needle to 
which is fixed a card, which turns (vith the 
needle. The card is divided into degrees ; a line on 
the card marked N and S points due north, i.e. makes 
an angle with the needle equal to the magnetic, 
declination (g.v.) at the place where the compass'isto 
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be iised. Thus, instead of reading the deflection of 
the needlo relative to the card, as in an ordinary 
compass, the deflection of the card relative to a fixed 
mark on the inside of the case of the instrument 
is i^ad. 

Floating Mill Wheel. An undershot wheel carried 
by a boat or raft and actuated by the current of a 
river in which it is moored ; a contrivance not often 
used.^ 

Floating Reef (Mining'). Loose masses of ore 
disconnected Irom the principal vein. 

Floating Vessel {fflass Manv/ac,) This is made 
of fireclay, and consists of two or three compartments. 
Used in tank furnaces for refining the metal. The 
molten glass enters at a depth below the surface of 
the metal in the tank, and is withdrawn therefrom 
by the gatherer. 

Floats or Float Boards {Eng.) The raues or 
paddles of a paddle wlicel or undershot water 

wheel. 

Float Stone (Mith.) A porous variety of silica 
containing so much air that u piece will float on 
water. Found near Paris. 

Flock Paper {Dec.) A wallpaper with a raised 
surface, formed by ])rinting the pjittern witli gum or 
other adJiesi VO material and dusting on fine shreds of 
plain or coloured wool. In “silk flocks” the wool is 
replaced by silk shreds. Flock papers are not now 
used to any considerable extent. 

Flogging Carp., etc.) A term for the 

removal of the rough surface or of large pieces of 
wood, metal, etc., while the piece of material is being 
cut approximately to shape. 

^ Flogging Chisel (AW/.) A large cold chisel occa- 
sionally used in heavy cutting. 

Flong {Stereotyping'), Flong is used inihe papier- 
maeke process of stereotyping. It is composed of a 
number of layers of tissue and blotting papers used 
alternately, with paste or composition betw t‘en. In a 
plastic state it is iJaced upon the form, and its sur- 
face beaten until an impress of the face of the type 
is obtained. When hardened, it becomes the mould 
from which a stereotype plate is produced. 

Flood {^^€teoroh) Owing to excessive rainfall, 
rivers, lakes, ponds cannot be restricted to their 
banks, and the o^c^^lo^ving of the water causes 
floods in the regions around. 

Flookan or Flocan {Mining), A vein containing 
a great deal of clay. 

Floor {Foundry), The sand bed which forms the 
floor of a foundry ; it serves as a reservoir of rough 
sand, and also af» tlie receptacle for large moulds in 
making heavy castings. 

Floor Cramp* A cramp for squeezing floor boards 

together whilst being nailed. 

• 

Floors* The simplest kind of floor is that known 
as a Single Floou (flg. 1). This is used in cases 
where the span is not more than 15 or 10 ft.. It 
consists of a number of Common or Bridging 
Joists aaa, whose ends rest on a Wall Pi.ate b, 
which rests either on an Offset or ledge as shown, 
or on corbels (q.v,) specially built to carry it. On 
the top of the joists are nailed the Floor Boards 
CCC. The joists are usually from 8 to H in. deep, 
and are set about 1 ft apart. The laths which carry 


the ceiling below the floor are l^ither nailed to the 
joists or else to small Ceiling Joists dd. When 
the span is large, common joists would not be suflioi* 
ently strong to be used alone ; in this case heavier 
timbers are used to support the ends of the common 



joistc at convenient i>ositioiis ; the combination is then 
termed a Double Floor (lig. 2). The joists aa 
rest on the larger timbers or Binders, on© of which 
is .shown at EE. The binder inaj" be notched, as shown 
•'ll F, or tlie iiotcli may be made in the joist only, 
which is the preferable method, as it does not 



weaken the binder. A doable floor usually has ceil* 
ing joists DD, wl ich are oiten fixed to the binders 
by means of a Chase Mortice, a mortice into which 
the tenon caii be inserted by sliding it along a groove 
or Chase. For very large spans a double floor is 
superseded by a Double Framed Floor (fig. 3 and 



flg. 4). AAA are common joists resting on binders 
dee; The binders are supported by a Oibdee g. 
In flg. 4 is shown a cross section of a FlitohGirdeb, 
consisting of two half-timbers hh placed with the 
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heartVood outwards and strengthened by an iron 
plate K, tenned a Flitch Plats, the whole being 
aecnred by bolts which fasten the timbers and iron 
plate together. The binders may be morticed into 
the girder by me^s of a Tusk Tbnon or may 
be supported by an iron stirrup or bracket which 
rests on the girder. The hitter method is preferable, 
as the strength of the girder is not diminished by 
catting a mortice in the material. When an opening 
has to be made- in a floor, e.g. ronnd a staircase or 
dreplaoe, the joists aro Tbimmed, i.e, supported by 

Gr 





Flour {Foodi), The term dour, without any modi- 
fication, generally means wheat flour. This is divided 
into two groups — ^white wheat and dark wheat. Tho 
colour in the latter case is due to the presenoo of 
bran. A good flour should be quite white, and npt 
gritty or lumpy. It should not taste acid, although 
when tested with paper (litmus) tlie reaction sboiud 
be slightly acid. Flour is adulterated by (a) the 
flour of other grains and (h) mineral substwces. 
In the first section wO have barley, maize,, peas, 
rice, oats, etc.; and in the second, alum, gypsum, 
carbonate of magnesia, carbonate of calcium, etc. 
Detection of these adulterants is obtained by micro- 
scopic and chemical examination. See aUo Bbbad, 

Flouring {Met.) The spoiling of the mercury used 
in gold extraction by absorption of impurities from 
tlie ore. 

Flow iiT Flow Pipe. The pipe by which the water 
leaves a boiler. Used to heat a building, etc. 

Flowers of Sulphur. Finely divided sulphur, 
obtained by sublimation {q.v.) 


Fie. 4 .— Doublk Fkamed Floor 

intermediate timbers, as shown in fig. 3. These 
timbers or 'ritiMMEits are sliovvu at ll. The joist M 
is termed a Tuimmiug Joist, and is made of greater 
thickness than the common joists, in order to enable 
it to carry tl)C extra lf)ad thrown ui»on it. In llg. 3 
it will be seen that the ends of binders and girders 
alike are earned in openings *or 1 ’ockets in the 
wall, and are not built in. The timber rests on a 
stone base or template, and the top of the poc^ket or 
oj[)euing may be formed by a single stone or by a 
small arch, so as to allow a free play of air round 
the end of the timber. 

Floor Space {Ihjgiene). To deal effectually with 
the problem of mjiintaining 1ho air of rooms in a pure 
condition, an adp(piuto allowance of floor space is 
essential. At the lowcjst it should not be less than 
one-twelfth of tire cubic space. Set out below will 
be found a minimum floor space for different insti- 
tutions ; 

Tents find vans . 1(5 sq. ft. for each adult male. 

Schools . . . 10 „ per scholar (elder). 

„ . . . 8 „ „ (infant). 

Artizans’ dwellings 150 „ in living room. 

„ „ 120 „ „ bedroom (adults). 

„ „ 80 „ „ „ (children). 

Hospitals . . 120 „ jrer bed. 

It is of great importance that a good floor space 
should be provided per bed in hospitals, to ensure a 
supply of pure air, and for facilities for nursing. 

Floran {Mbiirig)^ Fine tin ore. 

Florentine Mosaic. Mosaic work formed by 
inlaying small surfaces of marble with precious 
stones, such as chalcedony, etc. 

Florentine School of Painting. See Pointing, 
Schools of. 

Florid Gothic {ArchiteeU) See Pebpendicular 
and Tudor.' 

Flos Ferri (ATni.) A variety of aragonite {q.v.) 
occurring in coralloidal masses, usually of a white 
or faint brown colour. The name is derived from its 
association with iron (in the mines of Btyria), Other 
localities aro Bilvera Band Mine, near Milbum, and 
Bundale Mines, near Dufton, in Westmoreland, and 
the mines of Wanlockhead, in Dumfriesshire. 


Flowing Tracery {Arekitect.) See Cubvilinbab 
and Decorated. 


Flue {FH.g., Bmld.^ etc.) A general term for a 
passage through which smoke, etc., escape from a 
furnace or lire. In boilers the flues arc commonly 
utilised as part of the heating surface. Si‘e Boilers. 

Flue Bridge {Bng.) A barrier of firebrick placed 
so as to clcilei:t the flames and hot gases in a furnace. 

Flue Work {Mmic). All organ stops not belonging 
to the Peed family. Flue work is subdivided into; 
(1) Principal work, (2) Flute work, (3) Gcdact work. 

Fluffing {Leather Manufac.) The process of 
rubbing the skin on a revolving emery wheel to fluff 
it, i.e. make it smooth. 

Fluffy {Carp.) Timber which cuts up in a 
“stringy” manner. 

Fluid. A fluid is a substance which is unable to 
resist the action of any force (however small) 
which tends to change its shape. See Liquid 
and Gas. 

Fluidity. The property of flowing easily and 
readily : the oppw'site of visco.'.ity. 

Fluid Ounce. See Weights and Measubss. 

Fluke {Minbig). A rod used to clear out holes 
whioli have been drilled to receive a charge foy 
blasting. 


Flume {Eng.^ Mining, etc.) A channel (usually 
open at tlie top) for carrying water, e.g. to a mill- 
wheel, etc. 

^ 6 ^ 4 \ 

Fluorene {Chem.) ] } CH, (diphenyleneme- 


‘'.n/ 


thane). Colourless needles showing a violet fluo- 
rescence ; melts at 113° C. It occurs in that fraction 
of coal tar which distils from 300 to 306® 0, It is 
formed by passing the vapour of diphenylmethane 
through a redhot tube. Bifluobekb (bidiphenylene 

ethylene) | >C : | , formed when fluorene 

c,h/ \c,h. 

is heated with bromine, is remarkable as being a 
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coloured hydrocarbon; it crystallises in beautiful 
red needles. 


Fluorescein (Chem.) HO . 



C,H,CO 

Dark yellow crystalline solid; insoluble in water; 
soluble in glacial acetic acid. Obtained by heating 
resorcin with phthalic anhydride alone 

or with sulphuric acid or zinc cldoride. It dissolves 
readily in alkalis, forming a salt, and the solution has 
a yellowish brown colour, with a magnifieent green 
ihiorescencc. It is used as a dye. EosiN and 
Ebythbosin. 


FluoreBcence. A number of substances, when 
illuminated by light of certain wave length, emit 
ught of greater wave length (and therefore of 
different colour). This property is termed Kluo- 
BBSGENCB, and is iwssesaed by fluorspar (from 
which the name is derived), certain organic com- 
iwunds, e.ff. eosin, quinine, fluorescein, and also by 
a number of salts. 


Fluorides CChem,) Salts of Hydbopluoric 
Acid (q.v.') 

Fluorine, F. Atomic rccxgUty 10. A gas similar 
to, but liglifer in colour than, chlorine. Has a 
powerful and irritating odour; is liquefied about 
— 185®, forming a yellowish liquid. It is obtained 
by electrolysis of hydrofluoric acid, to which a little 
potassium hydrogen fluoride lias been added. Plati- 
num or copper vessels must be used throughout. It 
is the most rearti/vc element hww7i. Unites with 
hydrogen with explosion. Most other elcmcjuts burn 
in it, forming fluorides ; but oxygen and nitrogen do 
not combine with it. Glass is instantly decomposed 
by it. Silica becomes redhot in it, and organic 
compounds are immediately deconqiosed. In all cases 
fluorides are formed. I iquid fluorine is less active ; 
it does not attack glass. Gaseous fluorine passed 
into liquid oxygen forms a white flocculent precipi- 
tate, which deflagrates violently when its temperature 
rises. 

Fluorspar Calcium fluoride, CaF.^. 

Calcium = fluorine ■■ 48 '7 per cent. Cubic; in 
crystals of a great diversity of colour, most com- 
monly blue, green, or yellow. It exhibits fluorescence 
and phosphorescence when heated. With sulphuric 
acid gives off fumes of hydrofluoric acid, in the 
manufacture of which it is used. .Sometimes used as 
a flux. The massive varieties are used as ornamental 
stones. From Alston MovU', Dtjrbyshirc, Cornwall, 
the Harz, Bohemia, many xwts of North America, 
etc. 

Flush C-Ehg.') At the same level ; forming part of 
the same surface. 

— (Hygicni^. The water that flushes out a 
closet pan, etc. 

Flushing iJUng,, etc.) Clearing out a space by 
passing a quantity of water or air througli it. Drains 
are flushed by clean water. A ga.s engine cylinder is 
sometimes flushed or cleared of the products of 
combustion by driving a quanlity of ))uro air 
through it. The valves of automobile motors are 
** flashed” with spirit to wash grit or deposit from 
the Beatings. 

Flush Joint iJSvdld.) See Flat Joint. 


Flush Panel CCarp,) A panel that is level with 
the framing ; i.e, one whose surface lies in the same 
plane as that of the framing. 

Flush Tanks, Automatic {Hygiene^. It is not 
always possible to give the sewers and drains suffi- 
cient fall to make them self-cleansing. Under these 
circumstances the normal flow of sewage should be 
supplemented by automatic flush tanks. They should 
be placed at the head of the drain, and made to 
discharge at whatever intervals are found necessary'. 
Of the many forms on the market. Field's flush tank 
Cq.v.') takes the highest place. The use of these 
tanks is also of considerable value in schools, public 
buildings, and chalets. 

Flute. See Musical Instbuments : Wind 
(Wood). 

Flutes (Arrldtect.) The vertical hollows formed 
in the shafts of classical columns and pilasters, 
either with or without fillets. See Architectubb, 
Orders of; Cable. 

(Carp.) The cylindrical sinkings cut in a 

column, bracket, or i>ilaster. 

(Glass Ma7iiifat\) The furrows in rolled 

plate glass. 

Flute Work (Music'). The flue stops of an organ 
not belonging to the principal or gedact work. 

Fluting (A’rt< 7 ., etc.) Parallel grooves, of any form 
of cross section, in an object. They may be merely 
ornamental or may serve some useful i)uipose, as in 
a llKAMEB (^.r.), in which they often form cutting 
edges. 

Flux (Elect.) The total number of lines of force 
wliich pass tlirough any gnen space or cross any 
given area, 

(Met., ('Jwm.) A substance used to facilitate 

the fusion and subsequent sepaiation of impurities 
in metallurgical and soldoring operations. Tlius in 
the blast furnace, when clay ironstone is the ore, 
limestone is luldecl to form a fusibU: shag of a double 
calcium and ahiininium silica! c which is easily scjiar- 
ated from the iron. In w'elaing iron, sand, which 
is an easily fusible silicate of iron, is used as a flux 
to remove the oxide of iron ; in brazing, borax is used 
as a flux becauhO it easily dissolves metallic oxides. 
Ilesiii, sal-ammonia, and “ killed spirit.9 ” (zinc chloride) 
are used in soldoring. Black often used in 

blowpipe operations, is a mixture of potassium car- 
bonate and carbon. 

(Pottery). A material composed of agents 

that will melt at a compfirativcly low temperature, 
such as alkaline salts, in combinaf.ion with .silica, 
lime, or lead. It is used in the formation of glazes 
and enamel colours. In the form of lime it gives 
trauslucency to porcelain. 

Flux Density (Elect.) The Flux (g.v.) per unit 
arc'H, i.e. tlie number of lines of force which pass 
through a unit area placed at right angles to the 
lines. 

Ply (Clocks). A fan used to control the speed of 
a running train of whccLs, as in the striking trains 
of a clock. It is usually a rectangular sheet of thin 
metal, fitted spring tiglit on its pinion in house 
clockis, or with a ratchet and click in turret clocks, 
so that it may continue to move until its energy ie 
expended and without injury to the mechanism of 
the clock, after the pinion has been arrested and the 
train locked. See Batghet tmd Tbain. 
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Fly {Woollen Manvfao.') The fibre given off 
various rollers in carding (^.v.) ; also applied to the 
Fancy (<?.».) 

Fly Batten {Silk Manufac.) See Battbn. 

Fly Cutters (£%.) Bcvolving cutting wheels* 
such as are used in a milling machine* for shaping 
small objects to a special form. 

Fljr FrameB {Cotton Mmufae,) A general term 
applied to slubbing, intermediate, roving, and jack 
frames. Sometimes also termed speed frames. 

Flying Buttress 

(Architect.) A form 
of buttress frequently 
used in Gothic 
churches to take the 
thrust of the nave 
vault. It consists 
of a vertical buttress 
placed on the external 
wall of the aisle aiio 
connected to the na«o 
wall by means of an 
arch. 

Flying Shore 

{Build.) A horizontal 
shore. 

Fly Leaf {Bind.) 

See End I’APEita. 

Fly Nut {Eng., etc.) 

A nut with wings to 
enable it to bo turned 
by thumb and fingers. 

Fly of a Flag, The 

lengtli tliat it extends Flying Buttress, Salisriky 
from the staff ni easured Catuedual. 

along the edge. The 

meaMiremoiit along the edge parallel to the staff 
is termed the “ Dip.” 

Fly Press (Eng., etc.) A press in which a die is 
driven by a screw working vertically through a 
fixed nut, the screw carrying heavy loaded arms. 

Fly Shuttle {Textile Manvfac.) The method of 
picking {q.v.) invented by John Kay. 

Flywheel {Eng.) A heavy rotating wheel. It 
serves as a store of energy, ami helps to maintain a 
steady rate of rotation of the shaft of the engine or 
Other machinery to which it bidongs. The size of a 
flywheel, or more exactly its Moment op Inektia 
{g,r.)f is detcmiiiied by the normal speed of the 
engine and by the fluctuations of speed which arc 
permissible. An engine wliich is required to run 
very steadily, i.e. with very small fluctuations of 
speed, as in the case of an engine driving a dynamo, 
requires a heavier flywheel than one where varia- 
tions in speed are of small importance. 

F»O.B. Free on board ; applied to goods which 
the seller undertakes to deliver on board ship 
without any charge for carriage or loading. 

Focal Length of a Lens {Phys.) The true focal 
length of a lens is the ilistancc from the principal 
focus {q.v.) to the nearest principal point {q.v.) In 
the case of a thin lens it is sufficiently accurate 
to measure the distance from the surface of the 
lens itself to the principal focus. 

Focal Planes of a Lens (Phy^t.) A pair of planes 
drawn through the Pkincipal Foci (g.v.) of a lens 
at light angles to the axis. 


Foous (Pkys.) The point towards which rays 
converge or from which they appear to diverge. 

, Principal {Phys.) A pencil of parallel 

rays of light after incidence on a mirror or lens 
is caused to converge towards a single point or to 
appear to diverge from a single point. Tliis point is 
caUed the Pbincipal Focus of the mirror or lens. 
In the second case the principal focus is Yibtual, 
in the first case it is Heal. 

Foonssing. The adjustment of the position of 
certain parts of an optical instrument, e.g, the eye* 
piece of a telescope or microscope, or the lens of 
a camera or lantern, in order to obtain a clearly 
defined image. 

Focussing Lens {Lantern). In lantern work 
the objective is often so termed. See Laisttebn 
Objective. 

•f 

{Photo.) A magnifying glass by means of 

which the image on the ground glass screen of a 
camera is examined, in order to obtain the most 
exact position in focussing. 

Foehn Winds {J!deteorol.) The name for warm, dry 
winds or liot waves peculiar to some mountainous 
regions, as the Alps in Switzerland. 

Fog {Photo.) A general name for a darkening of 
parts of an image, usually through the improper 
action of light ; occasionally “ chemiciil fog ” is 
produced by some fault in the composition of the 
solutions used. See Gkeen Fog, Bed ITog, Genebal 
Fog. 

{Meteorol.) Wlicn air is cooled just below 

dew point, then fog, mist, or cloud occurs. Dust 
particles in the air accelerate the formation of fog ; 
hence the fr'^quency of fogs in large cities due to the 
small particles in smoke. 

Fogbow {Meteorol.) A colourless or ** white ” rain- 
bow occasionally formed on a mass of thick fog. 

Fog Image {Meteorol.) The shadow of an observer 
cast, on a fog or cloud bank by the sun. 

Foils {Architect.) The leaf shaped siiaces between 
the cusps ustul in Gothic trai'cry. See. CuSP, Tre- 
foil, Quatbefotl, Cinquefoil, a7i,d Multifoil. 

Fold {Woollen Manufac.) The term applied to 
yarns composed of two or more threads. 

Folded Tams {Cotton Manufac.) See Doubling. 

Folding Doors {Joinery). A iiair of doors with 
rabbeted (rebated) meeting styles. 

Foliated Structure {Gcol.) Bocks which have 
been sheared under great pressure deep within the 
Earth’s crust during the earlier stages of mountain 
making nearly always show a banded arrangement 
of their constituents. Thus bands of felspar may 
alternate with others of mica, hornblende, or other 
minerals, and impart to the rock a pseiido-stratified 
appearance, which needs to be distinguished in some 
way. All gneisses and most schists are foliated rooks. 
The structure is due, in some cases, to chemical 
changes which have taken place during the shearing 
process. 

Folklore Weather {Meteorol.) A saying with 
reference to apjjroaching weather as foresh^owed 
by certain atmospheric conditions on objects animate 
and inanimate. 

Follicle {Botany). A dry dehiscent fruit resembling 
the pod, but opening on one side only. Aggregations 
of these fruits are seen in the columbine, monks- 
hood, etc. 
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Follicle iZooL ) A small saolike cavity or receptacle ; 
the small pit In which the root of a Lair is con- 
tained, or the structure which surrounds an Oyum 
(j.r.) 

Followev (JSng,) A toothed wheel which is diiven 
by another wheel, termed the Dbiveu. 

Fontainebleau Limestone {Oeol,) A variety ol 
calcite containing a large admixture of sand. I<S:om 
Fontainebleau in France. The percentage of sand 
may be as high as 80 per cent. 

Foody Adulteration of {TTygiene). See Abxjutera- 
TiON OF Food. 

Foods (7/y^/^'). All food constituents may be 
olassiiicd as (1) nitrogenous, (2) fats, (3) carbo- 
hydrates, (4) salts (5) water. (1) Nitrogenous foods 
include the albumens, and are necessary for the nutri- 
tion and repair of the tissues. Urea and uric acid 
produced in the system from nitrogenous foods are 
eliminated by the kidneys. When these are taken in 
excess it leads to a gouty condition. If too little 
xutrogenons food is taken, debility and loss of energy 
is produced. (2 and 3) Fats and <;arboli yd raters, or 
starches and sugar, are necessary for tlje production 
of force and heat, and are eliminated from the lx)dy 
as COj and water. The amount of these taken should 
depend on the amount of work done. If a large an»ount 
of muscular exercise is taken, there i.s a corrospond- 
ingly great increase in the elimination of 00.^ and 
water. The starches and sugars arc more easily 
eliminated than fats, but have not the same nutritive 
value. (1) The salts required for growth and nutiition 
are lime, potash, soda, and small quantities of iron, 
Fhosphates, chlorides, and the nitrates and citrates of 
organic acids are also necessary. (5) AVater in con- 
siderable quantity is also required, as it is contained 
in all the tissues of which the body is cr>mposed. 
The amount of nitrogenous food, hit, carbohydrates, 
and salts necessary per diem for an aveiage man 
varies according to the amount of work done, but the. 
following table (according to Whitlegge) may be 
given as a guide : 



Xitro- 

gOUOllB. 

Fat. 

! 1 s. It. 1 

lbydrutt:R.I ^ • 

i.Nirifjgeu.jCarlxin 

Heat . . 
Moderate 

3 oz. 

oz. 

1 oz. 1 200 gr. J.OOOgr. 

work . 


, „ 

, 800 5,000 „ 

Hard work 

6 » 

Sf 

1 18 400 0,000 „ 


The following figures may be taken as the average 
of the above, andean be remembered rcjidily: Nit- 
rogenous, 6 oz. ; fat, 3 oz. ; carbohydrates, 1 5 oz. ; and 
^Its, 1 oz. ; containing 360 gr. nitrogen and 5,000 gr. 
carbon. The above amounts are calcula1.cd free from 
water, and as most foods contain water, the actual 
weight in food stuffs will be nearly 50 oz. To this 
has to be added a further 40 to 50 oz. of water, 
which is necessary for digestion and a.ssimilation at 
the food, as well gs for the removal of effete products. 
Tables have been constructed showing the amount of 
water, albumen, fats, carbohydrates, and salts 
occureing in the chief articles of diet, and from these, 
by simple equations, the amount of ea(;h article of 
food necessary can be readily calculuted. For 
example, how much bread, butter, and milk will 
be required to make up the average amount of 
albumen, fat, and carboh 3 rdjrate 6 ? Bread contains 
8 per cent, of albumen and 60 per cent, of car- 
bohydrates ; milk contains 4 per cent, albumen, 
3 per cent, fat, and 4*6 per cent, carbohydrates ; and 


butter contains about 80 per cent, pure fat. Let a 
be the amount of bread, y the amount df milk, and z 
the amount of butter required, then 

8a- + 4y Sy + 80; 50fl? + 6y _ , ^ 

100 “ ^100 * ~ 100 “ 

Working out these equations, we find that tlie amount 
of bread required is about 22 oz. ; butter, *7 of an oz. ; 
and milk, 81 oz. A more complete dietary can be worked 
in the same way if the percentage composition of the 
foods selected be known. The quantity of food, and 
consequently the amount of the proximate consti- 
tuents will necessarily vary accoiding to the age, 
sex, and t he work at which the individual is engaged. 
Besides being snfii(‘ieut in amount, there must be a 
certain variety in tlie food taken. It must also be 
palatable, and for this purpose the various condi- 
ments are necessary. The food must likewise be of 
good quality, and the legislature has given powers 
to local authorities in the l‘ublio Ilealtli Acts to see 
that all foods exposed for sale or deposited in any 
place for the purpose of sale are fit for human food. 
Oattle ai*e subject to certain spoeitic disc^ascs which 
render their flesh not only unfit for food, but also 
dangerous. The chief diseases are pleuropneu- 
moina, cattle plague, anthrax, foot and mouth 
disease, glaiideis, farcy, and tuberculosis; in pigs, 
hog cholera, measles, trichinosis ; and in sheep, rot 
duo to the presence of small animals called flukes 
in the bile ducts of the liver. Good beef should 
be firm to the toiudi, of bright red colour, with a 
m(xleratc amount of juice, and the fat sliould be 
wliitc and hard. There should be no odour, and 
to tost this a skewer can he thrust into the meat 
and smelt after being withdrawn. If tliere is atiy 
disagrcealde smell, the meat sliould not be used, a.s 
this shows that putrofaciion is coinmcnciug. The 
flesh of poultry should bo wiiitish pink and firm, and 
the smell fresh. A slight bluish discolouration over 
the breast b^ne shows Ihiit tlio fowl has not been 
recently killed, but the flesh is not on that account 
uuwhulesorue. If, however, on opening the bird, the 
smell is olTciJsive, the flesh should not be eaten. With 
regard to game, this is not usually eaten till it is 
** liigh,” this meaning that some decomposition has set 
in. Fish should be firm to tlie touch, and the smell 
should be fresh. Decoru position sets in very quickly 
in fisli, and any staleness can be readily detected on 
opening them. Tinned meat is, as a rule, wholesome ; 
but sometimes it may give rise to serious ^"mptoms 
of poisoning duo to the production of alkaloids called 
ptomaines. These may be produced in meat, pork, 
ham, x)r sausages, and it is frequently impossible to 
tell whetlier there are any present by simi>ly looking 
at the articles. Sometimes, however, in the case of 
tinned foods, the tin is what is called “ blown that 
is, the sides arc blown out instead of being sunk in, 
this being due to putrefactive changes. Poisoning 
may take place also if the meat has absorbed any of 
the lead or tin, and this bolds good also of tinned 
fruits. Bread is, as a rule, of very good quality, and 
the adulteration with alum which used to be prac- 
tised has been given up. The only adulterant now 
employed, if it can be so called, i.s potatoes. If no 
bran is used, then the bread should be white in 
colour, and it should be free from acidity. Sre 
Bbbad. Milk should be opaque and Jim 'white in 
colov/r, and should on analysis give at least 3 x>t'‘r 
cent, of fat, 8*6 per cent, of solids not fat, and have 
a specific gravity of about 1,030. There should be no 
deposits either before or after boiling. As milk is 
the principal food of infants and young chihlren, 
great care should be taken in regard to it. For 
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young obUdson the milk should once be boiled 
when deliveftd, and then placed in a thoroughly 
clean bottle mr other closed receptacle in a cool place. 
Ji placed in large bowls, these ought to be covered 
so as to prevent contamination by means of flies or 
dust. No article of food is so susceptible of contami- 
nation, and if greater care were taken in the preser- 
vation and storage of milk in our houses there would 
be a great diminution in the infantile mortality from 
diseases of the digestive organs. Prexervativefi should 
never he added to milk. Nevertheless, occasionally 
salioylic acid, formalin, or boric acid arc added by 
vendors to prevent it from turning sour. The souring 
of milk is duo to the conversion of the sugar into 
lactic acid, which latter coagulates tlie casein, 
causing the milk to curdle. Colouring matter — e.g. 
annatto — ^is used to give it a richer colour, but this, 
though not injurious, is quite unnecessary. Water 
is the most common adulterant, but recently separated 
milk, or milk cleared of all its fat, is added, seriously 
affecting the nutritive \aluc. Butter is a very com- 
monly used food. It^iffers from margarine in that 
it is derived from milk, while margarine is derived 
from the fat of animals. There is little or no differ- 
ence in the nutritive value, but butter fat is more 
readily assimilated. Tea is not at present adul- 
terated, but coffee is frequently adulterated with 
chicory. 

Foot, Weights and Measukeb. 

Foot Block (Carjj.) The flat piece of timber at 
the foot of a raking shene. /Sfv Kiioeks. 

Foot Blower (Glass Manufac,) 'flie glassmaker 
who gathers the metal and also makes the feet fc: 
wine glasses, vX<\ The third man in a set or “ chair ” 
of workmen (flint glass trade). 

Foot Brake (J/otor Cars^ ctc.^ A brake applied 
by a lever or treadle which the <lriver actuates with 
his foot. 

Footings (Build.) The projecting cemrses at the 
bottom of a wall. 

Foot Pound (Eiig.t etc.) The English 

engineer’s unit of work ; the amount of work 
required to be expended in or<ler to raise 1 lb. 
through a vertical height of 1 ft. 

Foot Bests (Cycles). Small brackets on the front 
forks ; raVely employed in ordinary cycles now that 
free wheels arc usually fitted. In motor cycles foot 
rests are commonly fitted in a convenient position 
near the pedals. 

Foots. A general term apjjlicd to the impure 
residue left in refining oils, fats, waxes and greases, 
euch as cotton and linseed oils, spermaceti, Yorkshire 
grease. They are usually of very complex composi- 
tion. Linseed oil foots contain a quantity of muci- 
lage mixed with the oil, and are often used in making 
putty (qsi.) Cotton oil and grease foots are worked 
up in soap making. 

Footstep Bearing (Eng.) A bearing {q.v.) which 
supports the lower end of a vertical shaft. 

Foot Ton. The amount of work necessary to raise 
1 loti 1 ft. high ; it is equal to 2,210 ft. lbs. 

Foot Yalve (Eng., eta.) The valve at the bottom 
of a pump barrel or at the bottom of the suction 
pipe. 

Footwall {Mlnistg'). The under or lower side of a 
vein or lode. « 


Fotrtvay {Mning). Ladders leadix^ down a 
shaft, by means of which an ascent or descent nil^ 
be made when the winding gear is not in operation. 

F.O.R. Free on rail. Cf. F.O.B. 

Foramen Magnum The large opening 

at the back of the Skull through which passes the 
Medttlla Odlonoata (q.v.) of the central nervous 
system, 

Foraminifera (Zbol.) One of the divisions of the 
Protozoa (the simplest animals). The foraminifera 
possess a siiell which is usually calcareous (com- 
posed of salts of calcium). The majority are marine, 
and arc found at all depths. Their shells occur as 
fossils in rocks from Silurian age onward, and form 
the bulk of most kinds of chalk. 

Force (Phys., Meek., cto.) Force is that which 
changes (or tends to change) the state of rest or 
motion of a body. It is also defined as “ that which 
moves (or tends to move) matter." 

Forced Draught (Eng.) An air supply driven 
tlirough the tires of a boiler, etc., by means of fans or 
pumps, but principally by steam injectors, instead of 
the natural air current which is j)ro(iucecl by the rush 
of hot air up the chimney or funnel. It is used 
when the bdilers are being worked at a high power, 
i.e. when they ore required to j)roduoe more than the 
usual amount, of steam, as in tlie case of sliips which 
are mnning a t their highest possible speed. 

Forced Draught Furnace (Eng.) The forced 

draught furnace, by which air and steam are supplied 
under pressure from steam jet injectors into a closed 
grate, has been vep^ widely ax>y>licd in late years to 
the combustion of inferior fuels (such as duff, breeze, 
pond, settlings, and waahery refuse) and town’s 
refuse, for the generation c^f steam and electric 
power. ITiis system has almost revolutionised the 
working of destructors and assisted many manu- 
facturing opeiations by obtaining .steam power from 
waste pfoduets. 

Forced Vibrations (Phys.) Vibrations produced 
in a body (or systtiiu of bodies) by a foice periodically 
applied at intervals of time, which arc not the same 
as the p(friod of the natural vibrations. Thus a 
pendulum may be made to execute forced vibrations 
if it be struck intermitteJitly, or if the point of 
suspension be moved to and fro at intervals different 
from the natural period of the x)endulum. 

Force, Lines of {Elect.) Sec Linhb op Fobge. 

, Moment of (Phys.) See Moment op 

Fonoij. 

Force Piece (Miming). Diagonal struts across a 
working. 

Force Pump (Eng.) A pump in which the water 
is drhen upwards by the pre.ssuro of a solid piston 
(i.e. one without valves). The height to which the 
water can be raised is independent of atmofepheric 
pi-essure (which limit.s the height reached in the 
suction pump), and depends only on the power 
applied and the strengtJ] of the pump and pipes. 
See also Pumps. 

(Plnnih. atid Gas Fittxng). An a,ir pump for 

cleaning out service pipes. ^ 

Forces, Composition of (Mech.) The calculation 

of the Kbsultant iq.v.) of two or more forces. 

, Moment of (Mech.') The moment of a force 

about a given point is the product of the amount of 
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the force into its perpendicular distance from the 
point. 

Forces, Parallelogram of (^Mech,) If two forces 
acting at a point be represented in magnitude and 
direction by the sides of a parallelogram, then the 
Eesitltant (ijj'.v.) of the two forces is similarly 
represented by the diagonal of tlie parallelogram. 

, Polygon of. Any number of forces in 

equilibrium, acting at a point, may be represented 
in magnitude and direction by the sides of a com- 
pletely closed polygon, taken in order. See also 
Graphic Statics. 

, Resolution of {Much,) Any force may in 

general be replaced by two or more forces, wliich, 
wh(m acting together, produce the same effect as the 
original force. The process of calculating the “ com- 
ponents ” of a force is termed the resolution of the 
force. 

, Triangle of {Meeh.) If three forces acting 

at a point be in equilibrium, they may be represented 
in magnitude and direction by the sides of a triangle, 
taken in order. Set* also CSraphic Statics. 

Force, Tubes of {Shot.') Sev Tubes of Forcr. 

Fore Carriage fA'wv.) The frame carrying the 
front wheels of a traction engine or locomotive. 

eto.') A light two- wheeled carriage 

fixed in front of a motor bicycle. The front wheel 
of the latter is rcmo\ed, and the forks are connected 
to levers which act upon the axle of the fore carriage, 
which is of the Ackerman (^.r.) or some similar 
form. The cjcle is thus converted into a light 
three win clod car. 

Forecasts {Motvorol.') A prediction of the probable 
state of the wcatluT a short time ahead ; based 
chiefly on changes of barometer imjssure, etc., which 
are actually known to be spreading or progressing in 
a definite ^'rection. 

Foredge {Mifirliriff). I’he front edge of a book, the 
edge opposite to the back. 

Foreground {Paint.) The part of a picture on 
which objects intended to be nearest the eye of the 
spectator are presented. 

Fore ObserYation (Snroeyrng). Tlie opposite of 
back observ’ation (q.v.) 

Foreplate (^/et.) A guidt^ and resting plate in 
front of tlie bottom roll of the finishing grooves or 
rolls of a forge train (q.v.) 

Foreshortening {Paint., etc.) A method of repre- 
senting objects or figures, or portions of objects or 
figures, wldch lie in a dir';ction nf)t parallel to the 
plane of a picture, bas-relief, or a piece of sculpture, 
in order to present the object as it ai^pcars to the eye. 

Forest Beds ( Grol.) Strictly speaking, tlie word 
forest” means simply a place outside the limits of 
cultivation, and has nothing to do with trees. But 
the term has come to be employed in the sense of 
extensive wooded areas. Certain strata are found 
to contain the stumps of trees, aiiparently in the 
position of growth. Thobc have been somewhat 
fancifully described as forest beds. The Forest Bed 
of East Anglia is part of an ancient delta of the 
Rhine, and contains many remains of tree fragments 
along with other organic remains. It is of late 
Pleiocene Age. 

Forest Marble ( Oeol.) A member of the Middle 
Oolites, which is abundantly fossiliferous in the 
southern parts of the kingdom. It comprises beds 


of clay and sandstone, together with a bed of oolitic 
limestone, which hasy>ccasionally been^tpolisbed and 
used as marble. 

Forge {Eng.) (1) A blacksmith’s hearth, with its- 
accessories. (2) A blacksmith’s shop. 

{Met.) In iron works the department in 

which the puddled ball is converted into puddled 
bars by shingling, blooming, and rolling. C£. Mill. 

Forged Scrap Iron ( A%.) Small pieces of waste 
wrought iron from the smith’s shop which have been 
welded up into bars. If properly welded up, this 
scrap is of considerable value, and often preferable 
to now rolled bars, on account of its strength. See 
also Faoot. 

Forged Work ^Eng.) Wrought iron work prepared 
by tlic blacksmiths. 

Forge Pigs {Met.) Pig iron suitable for conversion 
into wrought iron by PUDDLlNO {q.v.) 

Forge Scale {Eng.) The scales or flakes of black 
oxide of iron produced in working wrought iron. 

Forge Tests CEng.) Tests applied to wrought 
iron and sltii l by bending. The greater the angle 
through whicli a plate or bar bends witliout fracture, 
the better the iron; this angle is often staled in 
specifications. TJic test may be applied both to hot 
and to cold iron. 

Forge Train (Met.) A train of two pairs of rolls 
(ranging from roughing rolls to finishing grooves) in 
which the shingled bloom from the squeezers or 
steam hammer is rolled into slabs or bars without 
reheating. Also called PunDLiNa Rolls. They 
revolve at 50-80 revolutions per minute. 

Forging Machines {Eng.) Machines by which 
definite blmitcs can bo given to wnmght iron by 
forcing it into discs, etc., either by a powerful press 
or by mechanically driven hammers or stamj'js. 

Fork {Cyeles). The portion of the machine in 
which the wheel revolves. Jn motvir cycles tlie front 
forks are built u]) of several rods instead of two only, 
to make them sufficiently strong to stand the heavy 
stresses. 

Forked Heading Joint {Jvmery), A joint used in 
fa.stening two bca^d.^ end 
to end. The ends of the 
boards to be joined have 
V-shaped jneces cut out 
to intersect with each 
other. 

Forked Lightning 

{Met enrol. ) The oi di- 
nary form of lightning, 
resembling an electric spark on a very largo scale. 
Tiie term “ forked ” i.s really a misnomer, as the spark 
is sinuou.s or wavy, with branches like a river and its 
tributaries. 

Form {Art). A terra used to denote the qualities 
of liw as distinguished from colour. 

{Mm.) See Systems of Cbystalsu 

or Forme {Typog.) Pages of type or stereo- 

typo plates arranged *in the order for printing a sheet 
and secured by an iron frame or chase {q*v.) 

n 

Formaldehyde {Chem.) | (Formic aldehyde). 

HCO 

A gas with penetrating smell. When liquefied it 
boils at — 21°C. Ordinarily it is met with in aqueoua 


Fouked Heading Joint. 
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solution. It is prepared by passing the vapour of 
methyl alcohol mixed with air through a heated tube 
containing copper gauze. It is a powerful disinfec- 
tant, and a 40 per cent, solution is sold under the 
name of Fobmalin for disinfecting purposes ; a traco 
of it added to milk will keep the milk fresh for 
several days. It has the usual reactions of an 
aldehyde, except with ammonia, with which it yields 
hexamethyleneamine (or hexamethylenetetramine), 
(OH,)^N^, a ciystalline solid readily soluble in water : 
used in medicine under the name UnoTUoriNE as 
a urinaiy antiseptic. Formaldehyde readily reduces 
silver and gold solutions to the metallic state. When 
its aqueous solution is evaporated, it x>olymerises to 
paraformaldehyde, (CnjjO)n, an amorphous solid 
which yields formaldehyde vapour on heating. Used 
in this way as a disinfectant under the name Pasa- 
When a weak solution of formahlehyde is 
allowed to stand with slaked lime, it undergoes 
condensation to a substance FoitMOSE, from whi(!h 
a fermentable sugar callcti met hose has been ob- 
tained, which is identical with a-acrosc (inactive 
lajvulose). FormakTMiyde is believed to play an 
important part in the formation of starch by plants. 
Under the influence of the chlorophyll the atmo- 
spheric carbon dioxide is changed to formaldehyde, 
which is then polymerised to a sugar, from which the 
starch arises. 

Formalin See Formaldehyde. 

Format {Pnntinfj'), Tlic dimensions of a book 
(shajx), six.c), 6*.//. octavo, riuarto, et(i. 

Formates (^Chvm,) Salts of Formic Acid (^.r.) 

Formation {GeoL) A name applied, in a some- 
wiiat \ ague sense, to an assemblage of rocks which 
hii\c si)me (diaracter in common, generally that of 
ago ; but the term is used also in referring to tlie 
origin of the rocks or to tlirir pet.rograpliical 
character. Thus rocks are said to belong to the 
stratified formation as distiugui.sln‘d from eruptive; 
to ancient, as disUnguisIicd from modem formation 
to calcareous, as diMinguished fiom argillaceous, 
arenaceous, or other formations. Of late j^'cars terms 
of more precise meaning have begun to come into 
use to ex})ross each of these several i<loas. 

Formation of Clouds {MeteoroL') Sit Clouds. 

Former ( etc. ) (1) A general name for a tool 
nsetl to pioducc some onedeliuite shape in a piece of 
metal. (2) A Template {q.v,) or gauge used to test 
some .sliape when ju’oduced. 

Formeret (^Architect,') A wall rib. See Kib aed 
Panel Vault and Wall Kib. 

H 

For mi c Acid {Ctiem.} | A pungent smell- 

COOH. 

ing liquid ; boils at 101® C, ; soluble in water ; blisters 
the skin (cause of sting of ants and nettles). It 
occurs in nettles and in ancs, and was formerly pre- 
pared by distilliHg the bodies of red ants. It is 
prepared by distilling oxalic acid with glycerine at 
110® to 115® 0.; the weak acid (40 per cent.) so 
obtained is boiled with lead oxitle, and tbe lead 
formate which crystallises out is dritid and treated 
with sulphuretted liydrogen at 100®, any sulphuretted 
hydrogen dissolved in the anhydrous acid so obtained 
being removed by standing over lead foniiate. 
The acid reduces ammoniacal silver to the metal 
HCOOTI + AgjO * 2Ag + COg + Hp. Heated with 
sulphuric acid* it gives pure carbon monoxide and 
water. Its salts (the formates) axe all soluble in 


water. Sodium or potassium formate heated with 
caustic soda gives hydrogen, HCOONa + HONa. 
as Hj + NajjCOj. Ammonium formate, when heated^ 
first gives formamide, HCONH,, then hydrocyanio 
acid, HCN, by loss of first one and then a second 
molecule of water. 

Formic Aldehyde. See Formaldehyde. 

Formose iChem.) See Formaldehyde. 

Forms of Clouds (Mcteorol.) See Clouds. 

Formula, Chemical. Sec Chemical Formul2L 

Forte (Musio). liOud. Sec 

Fortin’s Barometer. See Barometer. 

Fortissimo {Mvsic). Very loud. Represented by 
the letters //. 

Forum. In ancient Rome the place of assembly 
for the people, and where judicial and public busi- 
ness was transacted. It occupied a space between 
the Capitol and the Palatinate Hill. In the time 
of the Empire the term was cxtendefl to the public 
place or market place of all towns under Roman 
sway. 

Forward Eccentric The eccentric (y.f.) 

which drives the slide valve of an engiue while it is 
running in the forward (or usual) direction. 

Forwarding (^Jiinding). This expression covers 
all the operations performed in bookbinding up to 
the time a volume is coveretl with leather, vellum, 
etc., when the book is sent- to the finishing shop for 
the gilding. See Finish ixa. 

Fossicker A person employed in picking 

up stray pieo(‘s of ore from tJio rock after the main 
part of the vein has been worked. 

Fossicking {Minmg). Picking out stray fragments 
of ore after the lode lias been worked. 

Fossil (6V'#>?.) Literally and originally anything 
that was dug up, but now restricted to organic 
remains wliich have been entombed in any of the 
rocks comxjosing tlje earth's crust. The science that 
deals with fossils is pala* onto logy, which is really a 
branch of biology. With the great extension of 
knowledge relating to fossils which has taken place 
within the last fifty years, palaaontology has advanced 
so much that many dill’orent bianehes have ari.^tm, 
each of which occiq>ies the attention of sx>ccialists. 

Foucault’s Currents {Elect.') Currents produced 
in amass of iron (or other conductor) when moved 
across a magnetic field. In electric macliinery these 
currents cause loss of energy, and are kept down as 
much as ijossible, usually by dividing up the iron 
into lamin® parallel to the lines of force which cause 
the currents. The lines of force have a continuous 
path, but the Foucault currents have not, and are 
thereby checked. 

Foucault’s Measurement of the Velocity of 
Light. Si‘e Velocity of Light. 

Foulard {Silk Manufac.) A thin soft silk cloth, 
used for tics, muifiers, handkcrcliiefs, etc. 

Fouling {Eng.) (1 ) The deposition of Scale (g^.r.)’ 
and mud in a steam boiler. (2) The depositiou of 
c«arbon, etc., in the cylinders, valves, and ports of 
inicrnal combustion engines. (3) Tl»e products 
of combustion w^hich arc deposited in gun barrels, 
etc. 

Foundation Cylinder {^ng,) A heavy cast iron 
cylinder sunk in the ground and often filled with- 
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concrete. It serves to support the foundatioxis of 
heavy structures or machines when the surrounding 
ground is not very firm. 

Founding. (1) The process of forming an article 
by pouring molten metal into a mould. See Cupola 
Fouitdry. 

— (^(rlaes Mam(far.‘) The period when the 
furnace is raised to a high temperature in order to 
fuse the raw materials quickly into glass. 

Foundry (ii^/ 1 / 7 ,) The worksliop where castings 
are made. An Jkok FoujjfmiY is usually on the 
ground floor; it is provided with cupola furnaces, 
cr^es, moulding boxes, etc., and has a floor covered 
with a thick layer of sand. In this floor pits arc 
formed in which large castings are made. 

Foundi^ Ladle {Eng.) A heavy iron vessel used 
for carrying molten iron from the furnace to the 
moulds in which castings are made. Before being 
used it is lined or coated with fireclay, which must 
be thoroughly dry before the molten iron is ** tapped ” 
or run into it. 

Foundry Pig Iron {Eng.') Iron suitable for 
making castings, but not for conversion into 
wrought iron. 

t Foundry Pit (Eng.) A large l)ole or pit in the 
ground, in which very heavy or very deep castings 
are made. The mould may be contained in Flasks 
(q^v.) or may Vjc actually formed in sand, which 
fills tlie pit itself. 

Foundry Sand {Eng.) Sand composed chiefly of 
silica, an(l free from earthy matter : used to form 
the moulds for castings. 

Foundry Stove {Eng.) A stove used for drying 
cores and .small moulds before they arc used for 
making a casting. 

Four Cutter {Carj?.. cic.) Sec Flaking Machine. 

Fourdrinier ( Paper Manvfac.) The piiper machine, 
80 called fiom the name of the inventor. 

Fourier’s Theorem {Phys.^ etc.) A periodic curve 
of any given shape can be formed by compounding 
together a number of sine curves whose frequencies 
are simple multiples of one initial sine curve, and 
whose amplitudes arc suitably cliosen. The initial 
ox fundamental curve has the same period as the 
nven curve ; the successive sine curves will then have 
foequencies once, twice, three times, etc,., the funda- 
mental one. It follows that any wave of complex 
shape {t\g. a sound wave which is not that of a 
simple tone) can be produced by the combination of 
a number of waves, the fundamental one having the' 
same period as the given complex wave, the remaining 
ones having freqnencie.«. which are simple multiples. 
In sound, these remaining tones arc tlie partials or 
harmonics or the first or fundamental tone; the 
resulting complex tone has the same pitch (frequency) 
as the fundamental tone, but of a different quality 
or “ timbre.” This difference in timbre is due to the 
presence of the parlials. {See also Timbre.) The 
general theorem is expressed mathematically by 
means of Fourier’s Series. If y be a quantity 
which varies periodically, going through a complete 
cycle of changes in time T, then its value at any 
time t is given by the equation y =r gin 

sin 2 ^ sin S pt + etc., + cos 
pt COB 2 ^ + Jg cos + etc., where «o, 


etc., are constant coefficients and 

2 

2? « -Tjr. The equation may also be written y 

+ A, sin {pt + c,) + Aj sin (2 pt + s,) + A, sin 
{H ■+• e^), etc., where A,'-* * and tan 

« -li, the other coefficients Ag, etc., being 

a, 

similarly obtained. 

Four Part Vault {Arehiteet,) See QuAPRi- 
PARTiTB Vault afid Vault. 

Fox Wed jin A method of wedging tenons with* 
out ^howing the wedges 
on the edge of the work. 

Poxy {Chem, Eng.) A 
brownish shade which de- 
velops in soap made from 
palm oil or tallow bleached 
by the muriatic — bichro- 
mate, f)r the chlorine pvo- 
ce.sses. It is attributed lo 
the temperature being Ido Fox WKD(irN(i. 

high in tlie former process, ana to excess of chlorine 
attacking the fatty glycerides in the latter. 

Fogging {Dec.) A defect of en.amelled work in 
which the surface bee-ornes clou(l<?d like blooming 
in vjirnish (y .?>.), caused by the enamel being applied 
during damp weailitjr. 

Fraction {niem.^ etc.) A portion of a distillate 
which passes over, or dihlils, at or about one given 
temficrature. Sec FRACTIONAL DISTILLATION. 

Fractional Crystallisation {Chon.) A method 
of resolving^ a mixture substances of different 
solubilities into it.s constituents by a systematic 
process of recrystaUisation. Supi)o.se the mixture 
consists of two sidwtancos ; then on dissolving it in a 
.Mjitable solvent and leaving*to crystallise, the crystals 
first dep(»siteri will be riclier in the les.^ soluble 
substance; these crvhtals arc again dissolved in a 
fresh portion of the solvent, and loft to crystallise — 
the crystals will be still richer in the less soluble 
con.stitiicnt. Cry.stals may now be obtained from 
the first mother liquor and rcorystallised from the 
second mother liquor, and so on, until a .separation is 
effected. This process of fractional crystallisation 
applied to the rare eaiths has resulted in the dis- 
covery of new elements. Mariguac dis^xjvered 
gadolinium and samarium in samar.skite by fractional 
ciystallisatiop of the double potassium sulphate salts. 
Auer von Welsbach discovered neodymium and 
jiraseodymium in didymia by fractional crystallisa- 
tion of the double ammonium nitrate salts. 

Fractional Distillation {Chem., etc.) A method 
of separating a mixture of substances into its com- 
ponents by distillation {q.r.) Coal tar consists of a 
very large number of siibstanciis. When distilled, the 
following fractions are collected: (1) Up to IKV*; 
(2) 110“ to 21 CF; (3) 21(f to 240“; (4) 210“ to 270“; 
(5) 270® to 400“. From each of these fractions 
various substances arc obtained by a second 
“fractionation”; e.g. from the first fraction after 
removal of basic and acid siibstance.s, benzene, 
boiling at 81“ and toluene, boiling at 110°, arc 
obtained fairly pure. But in some cases a mixture of 
only two substances cannot be separated into its 
constituents by fractional distillation. Aleoliol and 
water cannot be completely separated. If the liquid 
contain a small amount of alcohol, all the latter and 
some water can be separated by distillation, leaving 
I Avater beliind ; but on repeating the process on the 
i distillate, a stronger alcohol than 95 per cent, cannot 




FHA 


237 


jnm 


be obtained. Other liquid pairs form mixtures with 
constant boiling points : thus a mixture of 75 per cent, 
of formio acid and 25 per cent, of water distils un- 
changed and has a higher boiling point than any 
other mixture of these two liquids. See also GAS 
Manufacture : Coal Tab Distillation. 

Frac^onal Pitch A screw is said to have 

a fractional pitch when the number of threads per 
inch is not a simple multiple or sub-multiple of the 
number of threads per inch on the leading screw of 
the lathe on which it is out. 

“ Fraction of Saturation (Meteorol.') The ratio of 
the pressure of tlic water vapour actually present in 
the air to the saturation pressure. Also termed 
Belative Humidity. 

Fracture A term used to designate the 

way in which a mineral breaks when the fracture 
is not due to cleavage (q.v.y Fracture may bo (1) 
CONCUOiDAL, as in many glassy minerals, e.ff. 
quartz ; (2) Even, when the plane of division is 
fairly flat, e.q, chert ; (3) Uneven, c.ff. copper 
pyrites ; (4) Uackl'¥, when it is somewhat granular 
and uneven, e.g, cast iron ; and (5) Eabthy, e.g. 
clialk. 

, Surface of (ISng., etc.) The form and nature 

of the fiac Cured siirfacjc in a piece of material brok(*n 
in the testing machine (or otherwise) gives certain 
indications of the quality of the material and often j 
of the natiire of the stress to whiclrit has been 
subjected. In the case of metals such as iron it 
is usel'iil to iMte whether tl’.e surface is (Tvstalline, 
granular, or fibrous, ai< the quality of the iron can be 
inferred to a very large extent from the infor- 
ma ti )n thus obtained. 

Fragaria {Jiotany). A genus of the order 
Kosaceic. A well known species is the strawberry, 
whose froit consists of a ilesliy flower axis (thalamus) 
bearing nuiuerous scedlike achenes, 

Fraice {('omt.) A (jollarotte or ruff, much worn 
during the sixteenth century : a Medici collar. 

Fraises {ller.) Strawberry leaves as borne by 
frazer. 

Frame {Chem, Bng.) A deep rectangular box 
into which a mude ” soap is run from tlie copper 
or kettle, in order to cool into conveniently shaj>ed 
blocks prior to cutting up. At one lime the Extd.se 
authorities insisted on Die frames being of definite 
proportions; \nz. 45 in. long by 15 in. wide, and 
from 46 to 60 in. deo]), but the size is no longer 
compulsory. They aic usually made of iron or steel 
plates, the sides being detachable. There are many 
si^ccifil patented types. The Continuous Drydng 
System is superseding their use for toilet soaps ami 
certain classes of ** households." 

Framed {Carp.) Woodwork put together with 
mortice and tenon joints. 

Framed and Braced Door (Carp.) A framed 
door with diagonal braces. The s])aces are usually 
filled in with battens in lieu of panels. 

Fruned Floor (Carp, and Join.) This consists of 
girders, binders, ceiling joists, bridging joists, and 
flooring boards. See also Floors. 

Framed Grounds ( Carp.) Grounds which are put 
together with mortice and tenon joints. See Grounds. 

Framed Partition {Joinery), A partition con- 
structed of panelled framing. 


Frame Heuse {Build,) (l) A half-tisubeied 
house (^.r.) (2) A modem building, usually of a 
more or less temporary character, constructed pf 
wooden framing covered with board, ediingling 
corrugated iron, etc. Commonly used in comniee 
and newly settled districts. 

Frame EUiw {Carp.) A straight saw, or set of 
parallel saws, fixed in a reciprocating frame, and used 
for cutting deals or logs into boards. 

Frame Wall {Build.) A wall formed of a frame- 
work of timber, the spaces being filled in with 
brickwork or masonry. See also Half Tiuberbd 
Work. 

Frame Weirs {Ci/oil Eng.) Weirs in which the 
water is held up by doors carried by heavy frames. 
These doors can be removed when required. See 
Needle Panel and Bolling Up Curtain Weirs. 

Franqois Vase* See Vases. 

Frankfort Black {Dec.) See Drop Black. 

Frankincense. This resin (also called Gum Oli* 
BANUM) is an exudation from the stem of a tree, 
Jiflsujellia carteri (order, Burseraceee)^ grown in 
Somaliland. 

Franking {Carp, and Join.) A method of joining 
the cut b^irs in sashes. 

Franklinite {Miyi.) A complex oxide containing 
iron in the ferrous and ferric state (FeO . MnO . ZiiO) 
( FCjjO . Mn^Og). Equivalent composition, ferric oxide ** 
64 — 66 ; manganic oxide= 11 — 18, zincoxide=ll — 25 
per cent. Cubic, in black octahedra, an<l massive. It 
has a rcdrlish brown streak, and is hard and tough. 
Chiefly from New Jersey. 

Fraunhofer’s Lines {Astron.) The dark lines 

crossing ;!ie spectrum or the sun in different places. 
See Hpectrijm and 8pecteum Analysis. 

Freeman’s White {Dec.) A non-poisonous white^ 
pigment consisting principally of sulphate of lead 
made from metallic lead by precipitation. It con- 
tains also zinc oxide and baiydes. It is not affected 
by sulphurous gases like wliit-o lead is, and it pos- 
ses.se.s good body and coveiing power. 

Free Sand {Foundry), Sand which forms a porous 
mould or core, allowing the escape of gas from the 
mould. 

Free Spring ( Watches), A balance spring without 
an “ index '* or “ regulator." Used only in the highest 
grade watches, as the spring has to be regulated by an 
expert who moves the timing screws inwards or out- 
wards, More accurate timekeeping is thus obtainable, 
as any movement of an index might disturb the 
isochronism. See Balance Spring; Index; 

ISOCHRONISM. 

FreestoneB {Snild,) Stone which does not 
readily split into layers, i.e. which does not possess 
well marked planes of cleavage. Most suitable for 
carving. Tlie term is applied in many districts to 
sandstones (fir.w.) 

Free Vibrations {Phys.) The natural vibrations’ 
of a body or system when left to itself, as dis- 
tinguished from forced vibrations {g.v.) A body 
vibrating freely has in general a dc&ite and flxe^ 
period of ribration, depending on the mass of the 
body and the amount of the restoring force exerted 
on it when a small displacement from Its position of 
equilibrium is produced. 

Freewheel {Cyc}es), See Cycles. 
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Freezing (JSeat'), The process of soUcliflcation or 
changing from a liquid to a solid condition. See 
Fbbhzino I’OINT. 

Freezing HixtoFeB. Usually a mixture of some 
soluble salt with snow, powdered ice, or merely cold 
tirater. The rapid solution of the salt lowers the 
temperature of the mixture. Thus sodium chloride 
mixed with snow will give a temperature of — 22® O., 
calcium chloride and snow about — 55® C., ammonium 
nitrate and snow — 17° C. The best mixture is solid 
•carbonic acid dissolved in ether, which can be made 
to give - 77° 0. 

Freezing Point {Phns.) The temperature at which 
a liquid substance changes or commences to change 
into its solid form. In a great number of cases tlie 
freezing point is not deflnite, as in the case of glass, 
which softens and gradually changes into a viscous 
solid wh<jn heated, and reverses this process when 
again cooled. 3’hc freezing point of a liquid is 
affected by several con<litioiis, the most important 
Toeing the variation of pressure. Increase of pressure 
lowers the freezing point of all those subsianres 
whic.h expand on solidific-ation {e.g. water), and raises 
the freezing point of sub>tance.s which contact on 
solidification (e.g. wax and sulphur). Frbbzikg 
Point of Solutions : In general, the freezing point 
of a solution is lower than that of the solvent. 3'hc 
amount of depression of the freezing point is propor- 
tional to the number of dissolved molecules. If the 
molecules of the dissolved substance are not disso- 
ciated (or broken up into simpler molecules) when 
dissolved, there will be a simple relation between its 
molecular weight and the depression of the freiizing 
point. If M = moleoilar weight of the dissolved 
substance, m the weight dissolved in 100 grams of 
the solvent, t the observed depression of the freezing 
point, then 


■where K is a constant depending on the nature of the 
solvent cmployc<l. The value of K c.'m be found by 
cxperiraeni, or calculated by purely theoretical con- 
siderations based iqion thermodynamics. If Ti is the 
latent heat of fusion of the solvent, T the temperature 
■at which it freezes if pure, then 



The value of K is about 19 for water, 40 for acetic 
acid, 50 for benzene, 70 for nitrobenzene. The 
freezing point of dilute solutions is usually deter- 
mined by means of Beckmauns apparatus. A 
weighed quantity of the solvent is placed in a tube 
Tesembling a test tube, but provided with a side 
tube through which the sub..tauce which is to be 
dissolved can be introduced. A delicate thermometer 
•divided into hundredths of a degree, and also a 
platinum stirrer, are introduced into the tube through 
Acorkattlio top. This tube is surroumlod through 
the lower half of its length by an air jacket, which 
Is in tom surrminded by a large vessel in which a 
suitable freezing mixture is placed to effect the 
requisite lowering of the temperature of the solvent. 
The freezing point of the pure solvent is first 
•observed, then the tube is removed, the given sub- 
stance introduced and dissolved in the solvent, and 
the tube is replaced. The freezing point of the 
iiolution can be observed. 

French Arch (Build.) An inferior form of arch, 
built of ordinary britiks, which are not cut or rubbed 
to'^orm true voissoirs, but left in their original form 


with parallel sides. It is sometimes used to form a 
horizontal top to an opening, the bricks starting 
from a sloping jamb and meeting at an angle in the 
centre. 

French Casement (BnUd.) A pair of glass doors 
in a solid frame. 

French Chalk (Min.') A variety of steatite or talo 
(q.v.) It is used in marking out cloth, and when 
powdered it is dusted on to various articles to prevent 
anything sticking to them, or to act as a lubricant. 
See aha Soapstone. 

French Curves. A thin plate of wood (usually 
pear tree), with its edges cut into a series of curves of 
various nidii. Used in drawing curves, not easily 
obtained geometrically, after certain points on the 
curves have been found. 

French Polishing (Bee.) A method of polishing 
hard wood by applying a special polishing varnish 
made of gums di.ssolv(‘d in spirit. The recipes for 
French polishes differ a great deal. One of the best 
is 1^ lb. of orange shellac dissolved in 1 gal. of 
methylated spirit, to vrliich has^bt'en added 2 oz. of 
gum sandaracli and 2 oz. of gum benzoin. The wood- 
Wf)rk to be polished is first “ filled " by rubbing in a 
mixture of plaster of i^aris and Jlussiari talh)W. This 
having been effected, the polisli is applied with a 
rubber formed of white linen or cotton in such a 
way as to present a convex surface*. The rubber is 
moistened with linseed oil and polish, and the wood 
is rubbed witli a circular mol ion, very lightly at first, 
but with increasing pressure as the work procfU'ds. 
The final opera I ion is “ spiriting off,” which consists 
in rubbing on ]>repared spirit, which is prepared like 
the Fri‘noh polisli, excepting that tlioro is a much 
larger proportion of methylated spirit. 

French School of Painting. See Painting, 

iSchools of. 

Frequency (Phya.^ etc.) The number of times 
whi<‘h a vibration (or other recurring phenomenon) 
occurs per unit of time ; e.g. the numb*'r of vibrations 
per second of a tuning fork is termed tlie Frequency 
of the fork, or, more correctly, its Frequency or 
Vlltn VTION. 

Fresco Painting. Sec P./j.intinc, 1\Tetiiods op. 

Freshwater Deposits (Gcoi.) Strata laid down in 
rivers or in lakes, as distiugubbed from those de- 
posited upon the land, or in estuaries, or beneath the 
water of t lie sea. 

Fresnee (Her.) Standing on its hind legs. 

Fresnel’s Bi-Prism (Light). A double prism of 
small angle, as shown at A. If a narrow beam from 
a single slit s pass through the prism and fall on a 



screen BO, it will behave as if it came from two 
sources s, and s^, and interference fringes will be 
seen on the screen BC. See (Use Intbbfebencb. 

Fresnel’s Mirrors (Light). An arrangement of 
two mirrors placed with their edges touching and 
their surfaces inclined at an angle of nearly 180®. 
Light from a single source falls on the min*ors, and 
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is lelSiected so as to fall on a screen. Two beams, 
inclined at a very small angle, are thns obtained, and 
interference bands are prodnced on the screen in a 
manner similar to those formed by means of Frcsners 
Bi-Prism (^.e.) 

FFesnel’B Rhomb {Light), A rhomb of glass so 
•nonstracted that 4 ray entering along the normal to 
one end is reflected from the side (by total internal 
reflection) at an angle of 55*^. It then strikes tho 
other side, and is again totally reflected at the same 
angle, and emerges along the normal to the other 
'end. If the incident light be polarised at an angle 
of 45° to the plane of incidence, tho emergent light 
will be circularly polarised. If the incident light be 
circularly polarised, the emergent beam will be plane 
polai'ised. The rhomb therefore serves for testing 
circularly polarised liglit. 

Fret {Architect.) A classical ornament used on a 
flat surface, and consisting of a scries of fillets inter- 
secting, usually at right angles, so as to form various 
patterns. 

FretB {Music), Th^ small transverse x>icces of 
wood on fingerboards of guitars, zithers, etc., imme- 
diately above which the finger must be placed on tJic 
string to produce a given note. 

Fret Saw(^b.rjy., etc.) A very fine saw fixed in 
a frame, and worked by hand or driven by a macliinc. 
It is used in cutting out complicated patterns in thin 
wood. 

Frette {Her.) A subordinary: consi.sting of a 
saltire and a mascle. 

Friction {Phyn,) The force between two bodies 
in contact, which tends to prevent their relative 
motion. 

f Coefficient of. If a body resting on a 

surfaeo exert on the surface a normal pressure P, it 
is found that the fo^c(^ F exerted l>y friction is a 
certain fraction of the pressure. This fraction is 
called the Ooefficjext of I'kiction, and is usually 
denotcil by tho (ireek letter /x. We then have 

F-/xP. 

Friction Coupling {Enrf.) A coupling {g.v.) in 
which the two parts are caused to rotate together 
by the friction between the two halves of the coup- 
ling. These two halves arc of various forms ; a 
hollow and a solid cone fitting into each other are 
often used. 

Friction Gearing {Lng.) Wheels which are caused 
to rotate together by tlie friction of one on the other, 
instead of by means of teeth. This arrangement is 
only used, as a rule, to transmit a very small amount 
■of power. 

Friction^ Kinetic. The amount of the frictional 
force between two bodies while in motion is termed 
the Kinetic Fktction. It is usually less than the 
static friction. Sec Friction, Static. Some examples 
■of the coefficients of Kinetic friction are : 

Iron on oak, surfaces dry . . . '62 

„ „ „ surface soaped . . . *21 

Iron on iron, very slightly lubricated . *15 
„ „ „ surfaces well lubricated . *04 — *05 

Friction Rollers {Lng.^ etc,) Small wheels used 
to support the axle of a larger wliciel. Tho small 
wheels rotate, and thereby al)olish sliding friction 
between the axle and its bearing. Ball bearings 
iff.v.) depend upon the same principle, and are 
ssuperior to rollers. 


Friction, Static. The amount of the frictional 
force between twe bodies when lust on the point of 
moving relatively to each other is called the STATIC 
Fjmction, and the ratio of the frictional force to 
the pressure of one body on the other is called the 
COBJj'FICIBNT OF STATIC FRICTION. 

Friedel and Craft’s Reaction {Chem.) Originally 
only a method of preparing alkyl benzenes by the 
action of aluminium chloride upon benzene, and mi 
alkyl bromide or iodide, c.g. 

+ C,lI,Br = Ccri50.,H. + HBr. 

Be!^zgkb. BitiYL Benzene. 

The reaction has been greatly extended; e.g, acid 
radicals can bo introduced in place of alkyl radicals 
by using an acid chloride in place of an alkyl chloride 
or bromide, and benzene derivatives can be used in 
place of benzene itself. The reaction is also a re- 
versible one. Thus, if aluminium chloride be added 
to toluene and hydrochloric acid gas passed into the 
mixture, benzene is obtained, and the liberated 
methyl chloride acts upon unchanged toluene, form- 
ing motaxylnne and paraxylene. 

Frielsebenite {Min.) A sulphantimonite of lead 
and silver, 5(1 *bAg2)S . 2Sb.,S3. Monosymmetric. The 
.silver amounts to *22 or 23 per cent., so when at all 
plentiful it is a valuable ore of silver. From Haxony, 
Spain, and Bohemia. 

Frieze (Archilact.) The central division of an 
entablature between the architrave and the cornice. 
It is sometimes spoken of as the ZoorHOBUS. The 
term ** frieze” is also used to denote any band of 
sculptured ornament an<l tl)at division of the wall 
surface of a room, immediately below the cornice. 
See Architecture, Orders 6p; Entablature; 

ZOOPIIORUS. 

{Woollen Manv/ac.) A thick woollen nap 

overcoating. Usually made in Ireland, 

Frieze Panels {Joinery). An upper row of panels, 
especially the highest panels in a six panelled door. 

Frieze ’oRail (Joinery), Tlie rail beitween the top 
of a d<»or and the middle rail : used in a six panelled 
dv>or. 

Frilling (Photo.) An expansion of tho gelatine 
film by whicli it forms in wrinkles on the plate. 
This frequently accompanies the use of too soft a 
gelatine. It may also be caused by too strong a 
fixing bath. 

Fringe. A border or edging, generally consisting 
of a narrow band to which are attached threads of 
some material, either twisted or hanging loose. A 
fringe may be formed also by leaving the threads of 
the warp in a fabric after weaving. 

FriBbie’B Feeder ( Glass Mevnvfac.) See Furnaces, 
Glass. 

Frisket {Prhitmg). An iron frame on which a 
sheet of paper is pasted. It is used in conjunction 
with the tympan of a liand press. Its purpose is to 
lift the printed sheet from the forme and preserve 
the margins clean. 

Prizing {Leather Manvfac,) Removal of a very 
thin layer from tlje grain surface of the skin is called 
frizing. Buff leather and much glove leather is 
“frized.” fy. Buffing. 

Frog (Build.) The recess on one side of a brick. 

{Cotton Manvfac,) A cast iron buffer for the 

stop rod of a sliuttle protector of the fast zeed 
type. 
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Fifoiit Heiu>th iBuiU.) The portion of a hearth 
in front of the chimney breast. 

Frontispiece. The principal illustration in a book 
or magazine. It faces the title page of a book or 
other bound volume, but in a magazine the first page 
of Icttei-presR. 

Front Putty (Build,) The putty put outside the 
glass alter it is inserted in the sash. 

Frost (Jfflfmfrol.) When the thermometer sinks 
below the freezing point of water (0° C.=:82® F.) a 
frost occurs. Sometimes in the British Isles pro- 
longed frosts take place extending over many weeks^ 

— , Geological Action of. Water finds its way 
from the surface into the divisional planes and other 
interstices of rocks of all kinds. When a frost comes, 
the water in tlie piirts near the surface freezes, and 
expands in doing so, 174 volumes of water becoming 
184 volumes of ice. This expansion takes place with 
a force which is equal to a })rcssuro of 1,1(X) lb. to 
the square inch for each degree below the freezing 
point. As the temperature falls below freezing the 
ice contracts, and water may flow in to take its place, 
freezing in its turn. Witli a thaw the ice again 
expands. Hence powerful mechanical forces are 
exerted, and the surface layers of the rock are 
shattered. 

Fructed (Her,) With seeds or fruit. 

Fructose {ChrHi.) L^wlosu {(/.v.) 

Frue Vanner (Miniur/). A machine by which 
crushed ore is shaken uj) under moving water on a 
wide belt ; a separation of the lighter from the 
heavier parts of the ore gradually results. 

Fruit (Botany), That part of the flower which 
remains after fertilisation. The ripcDc<l ovai\> con- 
taining the seeds is the essential jiart of the fruit. 

Fruit Sugar (Chf m.) li^EvuLOSE (q.r.) 

Fnchsine (Chem.,) Also called Magenta; it is a 
mixture of the liydrochloriric or acetate of rosanilinc 
and pararosanilinc, obtained by oxhiising % mixture 
of aniline, orthotoluidiue, and paratoluidine. It is a 
lustrous green solid, dissolving in water with a 
Bjjlendid rod colour. Used in dyeing silk, wool, 
cotton, and leather. See Pauarosaxilixe arul 
Eosaxiljxe. 

Fucus VesiculoBUB (Botany). The Bladder Wrack. 
It is one of our commonest brown seaweeds. To- 
gether with other spefjies of Fneus^ it is used as a 
manure and also as a drug for reducing corpulence. 

Fuel. The material which is burnt to produce 
heat in furnace, etc. See Coal, Coke, Oil Feel, 
etc, 

Fughetta (JfuJtir). A small fugue, i,e, not 
developed at any length. 

Fugue (Mujtie), A contrapuntal composition con- 
sisting of the following parts : — (1 ) Subject : the 
theme on which the fugue is founded, generally I 
given out by one part in the score. (2) Answer : the 
response to the subject ; generally a transposition of 
the subject from tlie key of the tonic to that of the 
dominant. If the answer is an exa<!t transposition, it 
is called a “ Heal Fugue ” ; if modified to save modu- 
lation, then it is called a “ Tonal Fugue.” The answer 
is accompanied by the first voice, or part, and tills 
accompaniment is known as the ** counter subject,” 
and is generally in double counterpoint. (3) Exposi- 
tion ; that section of a fugue ending with the last 
antry of subject or answer (according to the number 


of parts) by the part that last enters. (4) Episode : 
free passes developed from material already heard* 
and serving the double purpose of variety and mode* 
lation. These episodes lead back to fresh entries of 
the subject or answer in new keys, (6) Stretto ; the 
drawing closer together of subject and answer which 
is often found towards the end of fugues. Besides 
tlic.se parts there is often found a codetta — a few 
notes inserted between the subject and answer to 
lead more naturally from one to the other. The 
greatest master in tliis branch of composition was 
Bach. 

Fulcrum. The point about which a lever tum& 

Full ( tny.) A loose e.xprcssion indicating that the 
dimensions of some object slightly exceed their 
nominal value : the opposite of Babe ( y , v .) 

Full Bound or Whole Bound (Bind.) Applied 
to a book the covers of which arc completely covered 
in leather or some exiiensive material. The highest 
stylo of work. 

Fullering (A’////.) (l) Producing grooves in forged 
work. (2) Caulking a boiler iSy hammering down the 
edge of the plates. 

Fullering Tool (Eng.) A tool whose end is suit- 
ably .«?hap(fl for pioducing grooves of some required 
section. See Felli:rixu. 

Fuller’s Earth (Geol.) Literally a kind of clay 
which readily absorbs grease, and especially the oily 
matter found in connection with sheep’s wool. In a 
geological sense the Fuller’s iCarth is a member of 
the tlurjissic* rocks, and is essentially a series of beds 
of clay and marl with nodular nuisses of earthy 
limestone. It includes some bands of clay suitable fur 
the puipose indicated by its name. In cornposilion 
it is a hydrous aluminium silicate of the approximate 
composition, silica='h>, alnniina~20, water— 25 per 
cent., with other substances to 10 jior cent. Found 
in various dull shades of grey, green, and brown. 
Soft and eartli,\ ; soapy to tlic touch ; very porous. 
From Beigate and Bletcliingl\ in Surrey ; near Batli, 
Kent, etc. 

Full Gear (Eng.) An engine is in full gear when 
th€‘ link motion (q.v.) is .set so as to produce the 
greate.st amount of motion or travel of the slide 
valve. 

Fulling ( Woollen Manvfar.) Sue Feltincj. 

Full Moon (Astron.) The moon wlien in opposi- 
tion (q.r.) ana appearing fully illuminated. 

Full Shroud (Eng.) A Shkoud (q.v,) on a 
toothed wheel extending right up to the tips of the 
teeth. 

Pull Thread (Eng.) A screw with its thread cut 
to its proper section; one wliicli is j^roperly com- 
pleted, as distinguished from a partly cut thread. 

Fulminates (Cluem.) Halts of Felmixio Acii> 
(?■»’•) 

Fulminating Gold (a«OT.) AuN . NH, . 3H,0. A 

green or brown solid obtained by the action of 
ammonia on aurie. oxide. *Whcn dry it explod.es on 
jKircu.ssion or on heating. 

Fulminating Silver (CJicm,)' NAg,. A black 
solid obtained by allowing a solution oi silver oxide 
in ammonia to evaporate. It is very explosive when 
dry ; if touched with a feather it explodes ; less 
explosive when wet. 

Fttlminio Acid (Chem,) C: NOH. The free acid 
is not known in a pure condition, owing to its in- 
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stability ; it decomposes when liberated from its 
salts by acids, forming hydrozylamine and formic 
acid. It smells like pmssic acid, and is poisonous. 
Mbbcurio Fulminate, (C:KO) 2 Hg (fulminating 
mercury), is obtained by dissolving mercury in nitric 
acid and adding alcohol. It forms white needles, 
insoluble in water. On heating or on percussion it 
explodes violently, forming carbon monoxide, 
nitrogen, traces of other gases (CO- and H^), and 
mercury : it is very largely used in tlie preparation 
of percussion caps and detonators for other explosives. 
Strong hydrochloric acid yields fulminic acid, which 
decomposes as above. With benzene and aluminium 
chlorhle it yields benzaldoxime, CgH^C : NOH (proof 
of constitution). Silveb Fulminate resembles 
meu'ury fulminate, and is prepared in a similar way. 
It is more exjdosive than tl»e mercury salt, friction 
with a glass rod being quite sufficient to explode it. 

Fumant (-HJ?r.) = smoking. 

H.c.coon 

Famario Acid (672fm.) || . A white 

IIOOr.C.H 

crystalline solid sparingly soluble in water. It occui*a 
in Iceland moss and in certain fungi. It is obtaintMl 
from mallic acid (f/.v.), with which it is stereoisomeric 
(srr Stebboisomlrism) by heating in a sealed tube 
to 20(y\ (^r by acting upon it with hydrochloric acid. 
On licating, it gives maleic anhydride and water. 
Pjftassium pernianganatc oxidises it to racemic 
acid (t/.v.) 

Fumarole {Oral.) A volcanic vent from which 
only gaseou.^ products escape. 

Fundamental Bass That note from 

which a chord is built up ; also called the root. 

Fungi (^Jiotany\ A lowly class of plants of 
]iarasitic or saprophytic habit, and dc\oid of 
chlorophyll. They range from the simple thread- 
like mo\dd8 to the complex mushrooms and 
toadstools. 

Funicle {Botany). The stalk which attaches the 
ovule to the placenta. 

Funnel The chimney of a marine boiler ; 

sonietinios apjdicd to that of a locomotive or portable 
cngiiK*. 

Fur. Tlie long silky liair of many mammals. 
The* furs of commerce arc <1erivod from the hare, 
rabbit, beaver, sable, bear, marten, stoat, etc. 

trr Fir {Build.) To support a ceiling, etc., by 

FUERiNa {(j.v.) 

Furerma {Botany). A genus of the AmaryU 
hdaoetp, F. g Uja ntoa . From t r(')pical America ; yields a 
valuable fibre called Mauritius Hemi*. 

CH = CH 

Furfuraldehyde {Chem.) I >0 . A 

CH = C.CHO 

colourless liquid smelling like beuzaldcliyde : turns 
brown on exposure to air: somewhat soluble in 
vrater : readily soluble in alcohol and in ether : can 
be detected even in small quantity by the red 
otilouration it gives wit.h aniline in xjrcsenco of 
hydrochloric acid. It is obtained by distilling bran 
with dilute sulplmric acid ; also by distilling pentoses 
{e.g. Arabinose) with hydrochloric acid. In its 
chemical behaviour it bears an extraordinary re- 
semblance to benzaldehyde ; e.g, with dimethylaniline 
and zinc chloride it gives a green colouring matter 
analogous to malachite green {g.v^ By the action 
«f dry hydrobromic acid gas on ketobexoses {e.g. 


Imvalose) and on cellulose, a purple colcmraiion le 
obtained : this is due to a furfuraldehyde derivative— 

CH - C .OH^Br 

a-brommethylfurfuraldehyde, | >0 • v . 

CH * 0 . CHO 

CH = CH 

Forforane {Chdm.\ ^ “ ^O. A coloturless 

ch' ck 

liquid with characteristic smell; boils at 89°: in* 
soluble in water. A pine shaving moistened with 
hydrochloric acid is coloured green by the vapour of 
furfuranc. It occurs in pinewood tar. It is pre- 
pared by distilling barium pyromucate. See MUOIC 
Acid Acetonyl Acetone. 

Furfurol {Cheni.) Furfuraldehyde Cq*v.) 
Furlong. See Weights and Measures. 




Fiq. 1.~-Ei.ectkic Fubmaoe. 


Furnace, Electric. The electric furnace consists 

of an arrange- 

ment by which T ^ 

materials can be ■■ — J — 

submitted to the 

heat of an elec- Ap £A 

trie arc. In one Jr y'j 

form (fig. 1) A A B Pv-; 

is a metal Case K 

with a refractory 
lining B, inside i — 

which is x>l^ced I | 

a crucible C. ‘"piq. i.~Ei.ectkic Purnaoe. 

Two carbon rods 

D and E are supported by holders G and H, insulated 
from the case. Materials can be introduced by 
removing the cover F. J’he current is supplied by 
leads K and t,. The furnace requires a potential 
difference of 50 to 70 volts, and may use a current 
varjdng from 25 to 400 amperes. By the aid of a 
furnace of this form Moissan Ijas fused lime, and has 
obtained calcium, chromium, etc., in the metallio 
form. The Hero 17 LT Furnace is shown in fig. 2- 

A is a casing 

of metal, B a 
lining built up 
of carbon 
plates c e - 
meiited by car- 
bonaceous 
matter, 6‘.y. tar. A 
This lining 
forms the cru- 
cible, and also Q 
serves as the 

cathode {q.v.') 

The anode con- pjQ^ 2 .— Electric Fubnaok (HiIroult), 
sists of a num- 
ber of platens of carbon B held in position by suitable 
clamps and insulated from the metal case A. 
Material can be introduced through openings at 
G and H, and fluid motal can bo withdrawn through 
a tapping hole D. The current enters by conductors 
K and L. Aluminium is now produced by means of 
furnaces of this pattern. 




Fio. 2 .— Electric Fubkags (HihtouLT), 


Furnace Lining {Metallurgy). Infusible material,, 
such as fireclay, which protects the main walls of a 
turnace from the action of the heat or the corrosive 
effect of the molten metal and slag. In certain cases 
{e.g. the Bessemer converter) the lining itself con- 
tains materials which contribute to the process by 
assisting in the formation of slag, etc. 
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Fnntacesy Olajs ( 6?2aM Mamfae , ) G lass fiirnaoes 
may be classified either aocordlij^ to the method by 
which they are heated or^he use for which they are 
intenderl. The principal forms are as follows: — 
DiBBCT PiEiBO Fubnaoe: a fumacjet circular 
or rectangular in plan, in which the fuel (coal 
or coke) is admitted either through an aperture 
at ;the side or ends, or from beneath. The latter 
method of supplying fuel may be effected by means 
of Fbisb1£*b Feedbb, which is a mechanical con- 
trivance for winding up fuel from bencatli the grate 
bars, through a circular aperture, into the furnace. 
It consists of a bucket or hopper with a movable 
bottom, which is forced upwards by a lever con- 
nected to the machinery. Gas Fuknace: This is 
circular or rectangular. The most economical is 
Siemen’s regenerative furnace. Coal undergoes de- 
structive distillation in a gas producer, and the gases 
formed, after passing through a Reoekeeatoe, enter 
the furnace, where, on coming in contact with air, 
they burst into flame, producing intense heat. The 
hot gases, conveying waste heat from tlie furnace, are 
allowed to pass through other regenerative cliambcrs 
(two pairs being employed), and these in their turn 
serve to heat up the gas as it passes from the pro- 
ducer, and £ilso the air from outsidt*, before it enters 
the furnace chamber. A Tank Fuunace is used for 
melting bottle and window glass. It consists of one 
long rectangular basin or tank, one entl of which is 
semicircular, and at this end the working or gathering 
holes are situated. The raw materials are inserted 
at the op])Ositc cud. The furnace is heated by gas 
(Biemen*s principle). Floating vessels (//.v.) are placwl 
in the molten glass at the circular end, and from the.se 
tho metal is gathered. Lead Glass Furnace : I'ids 
is circular in sliape, and contains from eigid to twelve 
pots, those in general use being about JRJ in. wide by 
iOin. high, hooded or covered over. Space is allowed 
between each p<^t as it stands upon the siege and 
within the furnace, to allow the hot gases to sur- 
round them previous to passing into flues, which are 
placed at each intervening space. The furnace can 
be worked either by direct firing or on the gas 
regenerative principle. Sheet Glass F’urnaoe: 
This may be either a Pot or Tank Furnace, and 
can be worked as a direct firing or as a gas furnace. 
It is rectangular in plan, with an arched crown or 
roof. The pots, which are oj>en at the top, are 
placed in parallel rows at the longest side of the 
fnrn*ace, which contains from eight to sixteen pots. 
A Plate Gtass Furnace is similar in construction, 
but before each pot hinged doors (lined with slabs of 
fireclay) are placed, to allow the pot to be remo\ ed 
from the furnace for ciisting pur]K>scs. A Glory 
Hole is a small furnace used for reheating the glass 
during manipulation or manufacture. 

FoFBaceSy MetallupgicaL Metallurgical furnaces 
may be classified as follows : (1 ) Furnaces in which the 
fueland orcare in contact. These may be again divided 
into Open Hearths, constructed on very similar 
principles to the ordinary smith’s forge, and which are 
suitable for simple opemtions such as Roasting and 
Liquation (j'.v.); and Closed HEARTjrs, in which 
the furnace possesses a tall body of more or less 
cylindrical form. Of the latter, t he chief forms are 
the Blast Furnace and the Cupola Furnace, 
In the blast furnace (fig. 1) the body of the furnace 
is of brick or stone, often cased with wrought iron 
plates, or heavily liooped, and having an inner lining 
of firebrick, separated from the outer portion by a 
layer of sand or cinders. This forms a porous mass 


through which 
gases expelled from 
the brickwork can 
escape^ The body 
is not truly <^lin- 
drical, but usually 
widens out in the 
centre, resembling 
in section a part of 
two cones placed 
base to base. The 
widest part B is 
termed the Belly, 
the conical portion 
below the Belly is 
termed IheBoSHES, 
while the part 
above B is ienned 
the STACK. The 
part from L to K 
is termed the 
Throat, and is 
surmounted by a 
Tunnel Head 
(not sh<mn in the 
sketcli). The 
lowest part A is 
termed t li e 
II EARTH ; here the 



Pio. 1 .— Blast FuKJfAClL 


molten metal collects, with the slag floating on top 
o! it. The air or Blast is ft ‘reed into the furnace 


by jets c. termed Tuyeres (r/.v.), which enter the 
furnace some way abr,vo the Jjoarth. ♦Usually the 
jets are each siirroundcfl by a water jacket, and 
are then termed Water Tuyeres, The objt*t?t 
of the jacket is to cool the nozzle of the jot, anfl so 
prevent, as far as possible, its rapid destruction 
by tho intense heat of the furnace,^ whi'eli may be 
o\or C. In the Hootch Tuyere the nozvAo 

is formed of wrought iron tube, coiled to form a 
trun<'ated cone, enclosed in an iron casing, the 
cooling water circnlating through the whole 
coil. There is .an opening into the bottom of 
the turnnee, leading out into a space P, called the 
Fore Hkartii ; the latter is closed by a wall of fire- 
brick D, tt'rmccl the Dam, winch is supported by a 
large casting E, the Plate. . There is an open- 
ing ill the top of the darn, termed tho ClNDBB 
Notch, through whi(‘h slag is withdrawn, and 
another in the bottom, termed the Tap Hole, 
through wliich the molten iron can flow when re- 
quired. This hole is, of course, closed during smelt- 
ing until a suiilcieni amount of fluid iron Iia.s collected 
in the hearth. The charge of iron ore, coal, and flux 
is introduced into the furnace from a platform G 
running round the top, termed a Charging Gallery, 
and it is caused to spread out by a largo CONE H, 
which fits a cup or rim K round the mouth of the 
furnace. When the cone is lowered *by a chain, a 
space is left through which the material can fall; 
when tho cone is brought back into place, the mouth 
of tlie furnace is thereby chjsed, and tho waste gases 
escape by means of laige tubes ll. The heat carried 
away by these gases is utilised for heating the blast, 
and the gases themselves, consisting largely of 
carbon monoxide (CO), can be treated ror the 
recovery of by-products and burnt a.s gaseous fuel. 
The Cupola Furnace is very similar in principle 
to a blast furnace ; its chief use is the melting of 
cast iron for the foundry. (2) Furnaces where the 
ore or metal is not in contact with tho fuel These 
may again be subdivided, according as the metal, etc., 
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fia. 2.— REVEKBEItATOHy FullNACL. 


is placed on a part of the hearth, bnt sepaiated from 
the fuel, or placed in. a special receptacle, such as a 
cruGible, inutile, retort, etc. The first kind is usually 
a llEViSBiSBATOBY FiTBNAOB (fig. 2 ). The hearth 
is divided into 
two areas, A 
and B, separ- 
ated by a low 
wall of firebrick ^ 

D, termed the 
Firb Bkidge. \ f 
In the part A is 
the fire, in the 
otiier the metal 
or ore, Tlie 
roof 0 of the furnace is so shaped as to deflect 
the flames from the fire down on to the ore, and 
thence onward to the flue. A }*uddlino Furnace 
is of this type, and is used with naturcal draught 
in the conversion of cast into wrought iron by the 
operation of puddling ( 5 '.?’.) Furnaces in wldch a 
special receptacle is used take a great variety of forms. 
In the simplest Cruch^jle Fur.nace or Fox" Furnace 
a crucible is merely sunk into the mass of burning 
futd contained in a furnace of any convenient shape. 
In Ketort Furnaces, used in the Belgian zinc 
process, the furnace is a vertical chamber, in which 
are fixed rows of closed retorts {q.v.') of fireclay. A 
Muffle Furnace m.'iy he comijarod to an oven ; it 
consists of a long flat-bottomed chamber of fii'cclay, 
surrounded by the fuel or hot ga^es, in which cither 
crucibles o^;cnxjels (small shallop dish.es of bone-abh 
or other material of an absorbent nature) can be 
placed. Gas Furnaces are used on a small scale in 
the laboratory ; they coiiM-.t of a fireclay body, into 
which project burners of the Bunsen type, ])roduciug 
a non-luininous flame of ver}' great healing power. 
On a large setfle g.'is furnaces arc commonly worked 
by a cheap gas of very low illummating power, such 
as DowsoN (tAs, Froeuckr Gas, or Mono Gas (</.r.) 
In the KEGF.NERAT1VI3 FURNACES of Siemens and 
others the waste gases escape through a chamber 
filled with a mesh of brickwork, wliicli very soon 
becomes heated. The waste gases are then turned off 
through another similar chamber or Kkoknerator, 
and tiie supply of uiiburnt gas or of air which sup- 
plies the furn.ace is allowed to enter through the first 
chamber. In tliis way a considerable amount of heat 
is utilised which would otherwise be wasted, and 


great economy of working is secured. 

Farniture iTypog.) The term furniture includes 
all those pieces of wood or metal that are used in 
making margin for the folding of books ; for fasten- 
ing the pages of type in the chase ; or locking up 
forms when they are imposed. It is generally classed 
as reglet, fumibure, sidcsticks, footsticks, and quoins. 


FuPFMttg ffr Pipping ( 6 hr/j.) Thin strips of wood, 
used to raise some part of a roof, floor, etc., slightly 
above the level of the timbers which carry tlie weight. 

(JEhtg.j efr.) The deposition of solid 

matter in pipes, boilers, etc. The solid.s arc carried 
in the water (or other fluid) which flows through 
the pipes, either on suspension or in solution. 

Furs (ffer.) See Heraldry. 

Fuse (Mhvbiff'). The device used for igniting a 
blasting' charge. The old slow match and similar 
devices are now often replaced by ^ aiTangement 
for producing an electric spark. The latter device 
Tenders the time of firing more certain, and is very 
much safer in case of a ndss-flre. 


Fasee ( Watohee^ Cloohe\ A policy' of varying 
radius fixed to the arbor of the main wheel fidt.tlia 
purpose of equalising thi ** moment” of the poll df 
the mainspring. A continuous groove *cat Ita , 
surface from end to end carries the chain or cord. 
See Going Barrel and Maintaining Power. 

Fusil (Her.) A subordinar 3 % of lozenge #hape, 
but of greater length than breadth. 

Fusion {neat'). The melting of a solid, or the 
change from the solid to the liquid state. 

, Latent Heat of {Heat), The amount of^ 

heat required to molt unit mass of a given scfild 
without raising its temperature. The latent heat of 
fusion is given out when the body solidifies again* 
and may give rise to a marked increase in tempera* . 
tare, wdilch is well shown in the common idsture 
experiment on the solidification of sodium solphate. 

Fustian {Textile Mam.uf(ic.) A name for any class 
of grey cotton cloth of heavy make, having a weft 
pile surface w^hich requires cutting, e.g, corduroys 
and velveteens. 

Fustic. A yellow wood used in dyeing. It is 
obtained from the trunks of two trees: ( 1 ) (More* 
phora tinctorUi (order, Moraceoi) ; ( 2 ) Mhus eotiwas 
(order, AiUM'ardicu^tp). 

Futures* Cotton {Cotton Trade), A system of 
dealing by means of whicl) a spinner may cover 
himself from loss when he has jiccepted a contract 
for spun yarn, and does not want to buy all his 
cotton at once. This legitimate system has been 
greatly abused by gambling transactions. 

Fylfot {Her,) A mystic symbol saiil to be formed of 
four P’s arranged in the shape of a cross ; 
con.sequont> called Gainmadion. It has 
been extensively used as a decoration 
(perhaps a mystic symbol) in almost all 
parts of the world. 


g (A/t;?., Phgs.f rfr.) The letter “g ” is used as a 
.symbol ior Llie acceleration produced by gravity; i,e, 
about ft. }>er sec. i^r .sec., or 981 cm. per sec. 
per sec. in England. 

G {Mi(sie), The sixth note in the scale of C, 

Ga. Chemical symbol for Gallium {g.v.) , 

Gab {TJftg.) A noudi, catch, hook, etc., in a lever 
wliicli enables a temporary connection to be made 
I between the lever and a projecting pin for actuating 
I some piece of mechanism. The connection can be 
made or broken as required. 

Gabbro ( Geol,) A rock of eruptive origin which 
resembles granite in its structure, but consists of the 
same minerals as those forming l^salt and dolerite. 
The constituent minerals are usually one of the lime 
sotla felspars and one of the pyroxenes, together 
with titaniferous magnetite. Olivine is generally 
present. It is usually a rock of deep seated origin, 
and has, in most cases, been formed in the deeper 
part of the core of a volcano. 

Gaberdine {Cost.) A long loose upper garment, 
much worn in the fourteenth century, and at a later 
date by shepherds, almsmeii, and dews. 

Gable (ArchUeet,) That form of roof termination 
in wlii<‘h the end wall is esarried up vertically above 
the eaves to meet the ridge. Such an end wall is 
known as a Gable End. 






GAB 


244 


GAIi 


0ab Lever A lever provided with a Gab 

&■*’•) 

Gad (Mining), A wedge driven into a crack in a 
rock to f?plit it. 

OadlingB (Armmr), Small spikes fixed to the 
knuckles of gauntlets. Worn during the fofirteenih 
century. 

Gadget ( 6^lass Jlam/fac.^ A Spring Ponty (q.r.) 

Gaitf Gaitlng Manvfa'C.^ (1) The adjust- 

ment of a loom for weaving. (2) The space between 
two carTiage.'> when in working position on the 
machine. 

Galactose (aiem.), CH„OH . (CHOH),CHO. A 
white crystalline solid (hexagonal plates) ; melts at 
163° ; is soluble in wat^r ; has a sweet taste ; reduces 
Fehling's solution about tbrecquarters as strongly 
as dextrose; it is dextrorotator}". It is obtained 
by boiling milk sugar with dilute sulphuric acid, 
removing excess of acid by baryta, concentrating 
and adding a few crystals of dextrose, when galactose 
■crystallises out, leaving the dextrose in solution. It 
has the general properties of the aldohcxoscs. xStv* 
Sugars. On reduction it yields dulcitol ; on oxida- 
tion with bromine water it yields the nioiiocarboxyJic; 
acid Galaotonic Acid; on oxidation with nitric 
acid it vields the dicarboxylie acid Mircic Acid. 

Galaxy, The (Aafron,') Another name for the 
Milky Way - tl»e luminous belt of incgular width 
and outline which surrounds the heavens nearly in 
a great circle. 

Galbanam {Botany'). Ferula yalhanijlua and 
F. ruhricanUf! (order! rmhelliferfe). A gum resin 
used in pharmacy, obtained from these and other 
species of Ferula. 

Gale {Meteorol.) A wind blowing with great 
force, u\ witli a velocity of forty miles or more per 
hour. Tlie word has no very exact or scientific 
meaning. 

Galea {Armour). The Latin term for a helmet. 

{Botany^ Zool.. etc.) Apjilied to various 

Structures which either in shape or function serve 
as a helmet ; a.g. the upper lip of a labiate flower; a 
homy cap on tlie head of a bird. 

Galena {Min.) Lead sulphide, PbIS. Lead = 86*6, 
sulphur = 13'4 per cent., with siJxcr up to even 3 per 
cent. The silver probably exi‘*:ts as the isomorjihoiis 
sulphide Argcntite. Crystalline system cubic. More 
often it occurs massive in veins with barytes, qmirtz:, 
calcite, zinc blende, fluorspar, etc. WJieri fresh it 
is a brilliant metallic grey; almost black when 
weathered. It splinters on attempting to cut it | 
with a knife. Cf. Argicntitr. When the silver is 1 
over 8 to 12 oz. to the ton and wort.h extracting, it 
is called Abgentifkrour Galena, and the mines 
come under somewhat different conditions. If the 
trace of silver is left in the lead, it has rather more 
val ue for certain purj )oses. It i .s 1 1 ic ch ie f ore of lead. 
From Cumberland, Westmoreland, Northumberland, 
Cornwall, Leadhills, I.sle of Man, etc., and a great 
many places abroad. 

Galilee {Architect,) A chapel, or a porch used as 
a chapel, usually built near the west end of a Gothic 
church. The galilee porch of Lincoln Cathedral is 
on the west side of the south transept. 

Galileo {A Citron,) The celebrated Italian astro- 
nomer who lived 1664 — 1642. He was the first 
to observe the heavenly bodies by means of the 
telescope. 


Gall Bladder {Zoology). An outgrowth from the 
bile duct acting as a reservoir for the bile. It lies 
under cover of the lobes of the liver. 

Galleine. See Dyes and Dyeing, 


Galley {ArcJueol.) (1) A long low seagoing ship 
with one deck, at one time in common use in the 
Mediterranean. It was propelled by sails and oars, 
the rowers being generally slaves or criminals 
condemned to the galleys. They were frequently 
chained to the seats. (2) The term is also applied 
to Greek and Roman warships with one or more 
banks of oars. (3) A large open rowboat. 

{Tgjjog.) A flat piece of metal or wtx»d with 

ledges on end and on one or two sides. It is used to 
receive type as composed. 

C . COOH 
nc CH 

Gallic Acid {Chem,% Silky 

HOC COH 

COH 

needles; melts at 220°; not ‘*tiasily -soluble in cold, 
readily in liot. water. It occurs in tea and some 
oilier plants. It- is prepared frijm tannin (^.?’.) by 
boiling with dilute sulphuric acid, or from gall nuts 
by mac’eratioii and allowing the cold liquid fn^m the 
maceration to stand in air, when it ferments, forming 
gallic acid. Wlioii heated, gallic acid yields pyro- 
gallol, Cpll 3(011);, (fj.v.) Ferric chloride gives a 
blue black prc*oipitat(i. Its alkaline solution ab.sorbs 
oxygen from the air and turns brown. On account 
of its })o\ver of reducing gold and silver salts to the 
metal, it is used in photography. The basic bismuth 
salt is used as a dry antist'ptic undtT the name 
Dermaq’ol. Heated with strong sulifliuric aci<l, it 
forms IluFiGAr.Lic Acid, a hexaoxy-arithraquinone. 

Gallium {Chem.)^ Oa. Atomic incight^ 70. A 
bluish white metal ; melts at .‘iO-’ to a silvery white 
Ihpjid, whicli does not readily solidifj again. The 
soliM can be cut with a knife. ]t readily dissolves 
in hydrochloric acid or caustic i-oda solution. It is 
obtained by electrolysis of an alkaline solution of 
the .sulphate. Gallium belongs to the aluminium 
group of metals, and lonns an ammonium alum, 
i’hc existence of this racial was predicted, and it was 
discovered by nujans of the speetro'^eope in zinc 
blondes from the J Pyrenees, which contained less than 
sixteen j^arts per million. 


Gallooyanine ( Chem.), 


HO V xr 

HO- CeH<J^ XC.H,:N< 
HOOU ' ^ 


OH 

(CH,V 


Brilliant green needles, sparingly soluVde in water. 
It is obtained by the action of nitroaodimethylani- 
line hydrochloride on gallic acid in hot alcoholic 
solution. It is an important dye, especially in 
califu) printing, giving violet shades. See Dybb 
and Dyeing. 


Gallon. See Weights and Measures. 

Galloon. A clo.sc-wovon braid composed of wool, 
cotton, or silk, combined with worsted; generally 
narrow. Used for trimming various articles of wear- 
ing apparel and on furniture. A kind of gold or 
silver lace, made of threads of gold or silver woven 
into a pattern ; used on uniforms, etc. 

{Lace Ma?iu/ac,) When applied to lace 

means a double ^ged lace with well defined 
scallops. 
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Gallotaimlo Acid ( See Tannin. 

Galloway Boiler (BngJ) A form of Lancashire 
boiler provided with Galloway tubes. See Boilebb. 

Galloway Tabes. See Boilebs. 

Galls (^Botany), Excrescences formed ou the 
leaves of tlie oak by the Gall- wasp (^Cynipe), The 
insect punctures and deposits its ep^gs in the tissues 
of the leaf, and a poison introduced causes an excre- 
scence to form. 

Galmei A synonyn for the silicate of zinc, 

Hemimobpbite fe.i?.) 

Galon {Laoe Manvfac,') See Galloon. 

Gal ton’s Btove (Jiuild.) The principle in this 
stove is the utilisation of heat which in the ordinary 
firegrates would be wasted. At the back of the grate 
an air chamber is constructed which is provided with 
two openings, one connected with the outer air and 
the other with the roora. Air from without enters, 
anti, being warmed by contact with the heated back 
and sides of the gratCy jsises up through a shaft which 
opens into the room bet ween the mantelshelf and 
^Killing. All communication is cut off between the 
smoko fine and the air sliaft. This principle is taken 
advantage of in constructing and fitting modern 
grates. 

Galton’s Whistle (Phyx.) A sounding pij^e, re- 
sembling in principle a very small closed organ pipe, 
producing a note of vcr\ liigli frequency. Used in 
exjicriments on the limit.s of audition. 

Galvanised Iron ^Eny., etc.) (Sheet iron coated 
with zinc in order to prevent oxidation. The process, 
is not electrical, us the name erroneously implies, 
but consists simply of dipping the iron into melted 
zinc. Under the influence of moisturei and atrno- 
.‘iphcric impuiities, tlui iron and zinc form an electric 
ctiujjle, and coiTOsiori of the iron results. Pinholes, 
or small defects in the coating of zinc, facilitate this 
action. 

Galvanometers {Elect.) A galvanometer is an in- 
strument for detecting an electric current, or, within 
■certain limit.s, for measuring its value. Jh-actically all 
galvanometers dejHjnd for their action on the mutual 
effect of a magnet and an electric circuit, and they 
may be classifiefl into two main groups. In the fir.st 
or older form of galvanometer a small magnet is sus- 
pended or pivote<l, so that it can turn freely inside 
a hollow coil of insulated wire which carries tlie 
current ; in the second or more modern type, known 
as Suspended Coil Galvanometers, a small coil 
suspended so that it is free to turn between the poles 
of a powerful fixed magnet. The first groux) include 
tiie following forms: (1) The Simple Galvano- 
■fiOOPH with a pivoted needle, controlled by the 
Kiirth's field (and therefore pointing N. and S. when 
at rest), and only suitable for detecting comparatively 
large currents. (2) Astatic Galvanometek, witli 
two similar and nearly equal magnets rigidly fixed 
together parallel to each other, with their poles 
pointing in oppo.site directions. One needle is 
inside the coil of the instrument, the other is either 
outside or else in a second coil, in which the current 
flows in the opposite direction to the current in 
the first coil. As the two magnets are subject to 
opposite and nearly equal forces due to the Earth’s 
magnetism, the controlling effect of the latter is verj' 
email, and the instrument is very sensiti\e, i,e. it 
turns with a very minute current, A Sine Galva- 


nometer is one in which the coil itself can be 
rotated (by hand) about the same axis as that about 
which the needle turns ; it is provided with a 
horizontal scale by means of which . the 
through which the coil has been turned can 
measured. The coil is first placed so that the plane 
of its windings lies in the magnetic meridian. The 
current is then passed, and the coil rotated in the 
same direction as the needle until the latter again 
lies in the same plane as the needle, and the angle 
through which it has been turned from its original 
position in the magnetic meridian is read. The 
funount of the current is proportional to the sine of 
this angle, i.e. C = At sin d. A single observation 
on a current of known value gives the value of the 
constant h. A Tangent Galvanometeb is one 
with a coil of large diameter, usually wound on a 
hoop of wood or brass. In the centre of thi.s hoop 
is suspended (or pivoted) a short magnetic needle, 
which is usually provided with a long pointer 
moving over a fixed scale, by means of which the 
deflection of the needle may be observed. The coil 
is set in the plane of the magnetic meridian ; the 
current is then proportional to the tangent of the 
angle of deflection, or C srr K tan S. The constant 
K is termed the Keduction Factob of the instru- 
ment. It may be found by means of an observation 
of the defleijtioii produced by a known current, or it 
may be calculated fjom a knowledge of the size and 
number of turns of wire on the coil, if the local 
value of the Earth’s horizontal magnetic force be 
known. Tf the average radius of the various turns 
of wire constituting the coil be r, and the number of 
turns be w, and II be the horizontal magnetic force, 
6 the deflecticin produced by a current whose amount 


in absolute units is C, then C = IT -H- tan 0. The 


quantity is often denoted by G, and is known 
c 

as the (iALVANOMETER C’ONSTANT. Thus the Be- 
duction Factor is equal to the horizontal magnetic 


force, divided by the galvanometer constant, or K 


H 

G- 


In all the above galvanometers a small deflection 
can only bo dcitccted by fitting a long pointer, wliich 
adds considerably to the mass (or, rather, to the 
Moment of Inertia) of the suspended magnet, and 
re« luces its sensitiveness. To overcome this difficulty, 
the Reflecting or Mirbob Galvanometer is used. 
This x>ossesscs a small magnet fixed to a very light 
mirror. The system is suspended inside the coil of 
the instrument by a fine fibre of unspun silk or of 
quartz. See (QUARTZ Fibres. The deflection may be 
observed in two ways : in the system commonly used 
in England a beam of light is thrown by means of a 
lamp and a suitable lens on the mirror, and reflected 
by it so as to fall on a divided scale. The beam of 
light then serves as a weightless pointer, whose length 
may bo increased at will without affecting the mass 
of the moving prirts. In the second method, which 
is the one roost used in Germany, a reading telescope 
is focussed on the mirror; a divided scale is fixed 
in a horizontal position just above or just below the 
object glass of the telescope, and the image of its 
divisions can be .seen reflected in the mirror. As the 
latter turns, successive divisions are brought into 
view, and the amount of the deflection can be read. 
It should be noted that tiie beam of light turns 
througli tmec tlie angle of deflection of the mirror. 
A mirror galvanometer is usually fitted with a Con- 
trolling Magnet, which is attached, with its axis 
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^^lizontal, to a vertl(^ rod projecting from the top 
m tlie instrament. By taming this ^^magnety the 
galvanometer needle may be brongbt to rest in any 
convenient ^sltion, independent of the magnetic 
meridian. By raising or lowering the magnet, the 
sensitiveness of the galvanometer may be increased 
or diminished. The sensitiveness of a galvanometer 
may be increased by using a very large number of 
^ turns of wire on the coil, by diminishing the radius 
of the coil, and by making the suspended system as 
light as possible. In this way instiumcnts have 
been constructed which are capable of detecting a 
* cnrr||pt of 10“^® amptos, a current so small that it 
"f would require centuries to liberate a cubic centimetre 
of hydrogen (J. J. Thomsok). The second group, 
thg Suspended Coil GALVANoMETaits, possess a 
powerful fixed magnet, bent into a horseshoe shape, 
fit) that its poles are close together. In tlie gap 
be^een the poles a coil of fine iusulaied wire is 
^spended by a veiy thin flat strip or a fine wire, 
which serves to conduct the tmrrcnt from one ter- 
minal of the instrument to the coil. The (circuit is 
Completed cither by a second suspending wire along- 
side tho first (thus fonning a bililar suspension) or else 
by a wire or helical sjjring running from tho lowest 
point of the coil to a conductor fixed on the base of 
the instrument. This class of instruniont are often 
^ termed D’Arsoxval Galvanometers. They arc 
unafiected by tho Earths magnetism or any otlier 
external magnetic field ; they can be made practically 
dead beat {vide infra) ^ and can be constructed to work 
in various positions. The following definitions apply 
to both classes of galvanometers alike ; An ApkrioT)1C 
or Bead Beat galvanometer is one in which the 
suspended system (needle or coil) is prevented from 
swin^ng backwards and forwards after the current 
has either ceased or become steady. The choc.king 
of tho motion, is termed Damping ; it may be effected 
by mechanical or by elcctricjil means. Tlie best 
method, applicable to the B’Arsonval type, is to wind 
the coil on a metal frame or enclose it in a. metal 
tube (Ayi-ton and Mather’s method). As this frame 
or tube oscillates in the magnetic field between the 
poles of the magnet, currents are induced in the 
metal which tend to bring it to rest {see J^enz’s 
Law), a Ballistic Galvanometer is one in 
which the damping is very sligl.t; it. usually pos- 
sesses a compaj-ativcly heavy needle. It is used for 
measming the transient currents produced when a 
quantity of electricity is discharged through tho in- 
strument. The sine of half tlie angle of the first 
swing is proportional to the total quantity of elec- 
tricity which has passed through the coil. The 


exact expression for this quantity is Q = ~ sin 
, . 2 
in which Q is the quantity of electricity, H the 
strength of the Earth’s field (or, more generally, of 
the controlling forc’e, whi<ih may not be due to the 
Eartli’s field), T the time of swing of the needle, Q 
the galvanometer constant, and B the angle through 
which the needle swings. The degree of sensitive- 
ne.^, or Figure op Merit, of any galvan(>mcter is 
determined by the amount of current required to 
deflect the needle (or spot of light) through one 
division of the scale. In a reflecting galvanometer 
this will depend upon the distance between the 
mirror and scale. 


Oambeson {Armour), A tunic of thick cloth or 
leather, wern in the thirteenth and fourteenth cen- 
turies as a defence, or under the habergeon or 
hsAberk to prevent chafing. 


0amb^6. A gum resin derived from a tree 
( Oaroima ; m^^XyGutUforfB) which grows extensively 
in Siam and Ceylon. ^ It is usually imported in the 
form of sticks or cylinders, but sometimes in oakes 
or lumps. The resin is soluble in ether, alcohol, and 
water. It gives a bright yellow colour, and is em- 
ploj^ed as a water colour, but is not permanent^ i* ,e. 
is bleached by the sunlight. It is not much used 
ground in oil, but is useful as a bright transparent 
glaze. It is employed somew^hat extensively for 
colouring yellow spirit varnislies and golden lacquers, 
j Analysis shows gamboge to consist of about 3 parts 
resin and 1 part gum. 

i Ganglion {Zoolegy), A group of nerve cells occur- 
I ring in connection with nerves. 

, Oangue {Mining). A term for the matrix which 
I encloses tho ore within a metalliferous vein. It may 
I consist wholly or in part of broken pieces of the 
country rock, or it may be mixed in variable propor- 
tions with any of the vein minerals, such as quartz, 
barytes, fluorspar, oalcite, limonitc, etc. 

Gangway {Mining), A general name for a 
passage. ^ 

Gannister {(feol.) A compact and usually fine 
grained sandstone consisting of nearly jiure quartz 
grains cemented by a siliceous matrix. It is, in fae.t, a 
variety /jf quartzite (g.v.) wldch occurs in connection 
with some few coal scams. J t is of considerable com- 
mercial value as a constituent of the refractory 
materials used for lining iron furnaces and other 
chambers exposed to a very high temperature. 

Gantrees ( Oof ton 3Jann/ac\) Beams or girders to* 
support tlacqnard mac.hinos over power looms. 

Gantry {Uidld.) A stage built over tlie pavement 
to work on ; foot passengers j)ass underneath. 

The frame which carries the mechan- 
ism of aji overhead (srane. 

Gap Bed {J^^ng.) A latlni bed having an opening 
near the lieadstock to admit an object of larger 
diametet (e.g, a wheel) than the actual distance 
between the line of centres and the surface of the 
bed. When not in use the gap can be filled by a 
casting termed the Bridge or GAi» 1 {ridge, whose 
upper surface is similar in form to, and continuous 
with, tho latlic bed. 

Gap Bridge {J^'ng.) See Gap Bed. 

Gap Lathe (Eng.) A lathe witii a Gap Bed 

Garage {Motor Cars). A depot for the storage 
or (storage and rcpfiir) of motor cars. 

Garden Wall Bond {Ihnld.) A method of bond- 
ing 9 in. walls, one header to every third or fourth 
stretclier. 

Gargoyle Gurgoyle (A A spout pro- 

jecting from the face of a building and throwing 



Gargoyle. 

the water from a gutter clear of the wall. They are 
sometimes quite plain, but more usually grotesquely 
carved. 
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Oanicit (J/in.) This name id applied 
of minerals, all of ivhich consist of anh^ 
cates, crystallising in forms of the oul 
The following are tlie more important 
n) Oaleium JUtunmitun Garnet . 

1 2) Kaeneadvin Almnlnium Garnet 
Iron A1i<»o1nH>yn GariMt . . 

) UanoaneM Alnnilnlttm Gamet Outn^Sf^O" . 
I OaMsm Iron Garnet .... (CafSlgO,, . 
) Calclnin Chromium Garnet . (Ca.BijO^ 



to a group 
rdroos sili- 
mo system. 

AJ4Si.O,,) 

Cr!si,0.,) 


damlerite (ilftA.) a hjdrous nickel magnesium 
silicate, containing approximately 30 per bent, of 
nickel oxide. It is an amorplioos mineral, apple green 
to white in colour, occurring in considerable quantity 
in veins in serpentine in New Caledonia. Also found 
in the United States. 


darter, Order of. The Order of Chivalry in- 
stituted by Etiward III., one of the most famous in 
the world. The emblem is a blue ribbon bearing the 
motto, “ Honl soit qui mal y pensc,” in gold lettess. 
It is always represented as part of the Koval Arms, 
and surrounds tlie shield. Members of the Order 
also wear other in.rignia, including a collar with the 
** George,** the star, the mantle, and the ribbon of 
blue, to which is attasAied the “ Badge *’ or “ Lesser 
George.** Knights of the Garter place after their 
names the letters K.G., which takes precedence of 
all other titles. 

darth (Architent.) An enclosed space, such as 
the quadrangle enclosed by the * cloisters. St^e 
Cloisteus. 

das (Phijx.t etc.) A gas is a fluid which, when 
inti-oduced into arjy given vesstd, expands and fills 
the ve.ssel. Jt has no finite surface or volume of its 
own, both being determined by the surface and 
volume of the vessel in which it is contained. 

Gas Barrel. The wrouglit iron tube used for 
conducting gas from the large mains (usually of 
cast iron) into buildings, and up to the point from 
which it is di.stributed by “ conipo ’* pipes (an alloy 
of load). 

Gas Carbon {(Viem.) A dense form of nearly 
pure carbon found lining the retorts in coal gas 
making, sometimes called artificial grapliite. It is 
used in making the carbon electrodes in arc lamps, 
and in milking the earl)oii poles of Bunsen and other 
primary cells. 

Gas Coke. The ordinary coke resulting from the 
distillatimi of coal in gas works. Distinguished in 
the arts and trades from coke which has been 
prepared in ovens for special use in metallurgical 
or other operations, which is usually much harder 
and denser than gas coke. tSee Coke. 

Gaft Cylinders {Lantern Worlt), Compressed 
gases are sent out in steel cylinders, whose capacity 
is given by the number of cubic feet of gas measured 
at atmospheric pressure, which can be pumped into 
them without the pressure rising to a dangerous 
amount. A 40 ft. cylinder is about 32 in. long and 
in. dianieter. The mouth is fitted with a valve 
Opened and closed by a strong screw. 

Gaa, Diftftociation of. The splitting up of a 
complex molecule of a gas into simpler molecules 
or into single atoms. 

Gas Enjfines. The term Gas Engine is often used 
as a synonym for an Intebnal Combustion Engine, 
one in which the energy is obtained by ^ the 
oomltotion or explosion of a gaseous charge, mixed 
with air, in the cylinder of the engine itself. It 
is more correct, however, to confine the term to 


those engines which are snpjgJIed with |paft thaim- 
factored by i^parate plant, 9M dlstingdiahad from 
and petrol endues (^fv.) A somewhat dUgnunmaHo 
representation of a typical gas engine (Oroftslc^) 
is given in the figure. A is a piston (of the TWms. 



Gab Engine. 

or tubular form) working in a cylinder B, andfe 
attached by a pin at 0 to a connecting rod p. The 
connecting rod actuates a crank E, and drives the 
main shaft P, on which is the flywheel of the engine. 
The cylinder is surrounded by a water jacket GG, 
through which a current of cold water flows, in order’s^ 
to prevent the cylinder from becoming overheated. 
The Admission Valve h is opened by the valve 
gear at the commencement of a cycle (vide 
just as the piston commences to move from left to 
right, A mixture of gas and air is drawn into thd 
cylinder during the stroke 5 at the end of the strokft, 
H is closed, and the piston, as it returns, compresses 
the mixture of gas and air in the space K, which 
is terme<l the Cleaeancb Space, CompeessioK 
Chamber, or Ignition Chamber. The mixture is 
then ignited (caused to explode) by the opening of 
a timing valve, which allows a portion of the gas 
to flow into an IGNITION Tube L. This tube is 
maintained at a re<l heat by moaus of a burner in 
the Ollier tube M. The explosion of the gas in the 
cylinder drivi‘,s the piston forward again, thus per- 
forming useful work, a portion of which is stored up 
in the flywheel, and sciwes to keep the engine running 
during the remainder of the cycle. The completion 
of the scries of operations is effc'Cted by the opening 
of an exhaust portN; t^.e return stroke drives out 
the burnt gases, and when this operation is complete 
N closes, H opens, and a fresh cycle begins.^ The 
velves arc generally worked by me.'ins of a subsidiary 
Lay Biiapt driven from the main shaft p by bevel 
gearing ; suitable cams and levers connected to this 
shaft actuate all three valves; viz. H, N, and the 
Timing Valve, which controls the ignition. This 
complete Cycle or series of operations occupies two 
revolutions of the engine or four strokes of the 
piston ; it is termed the Otto Cycle. The engine 
has only one working stroke out of four, or one 
impulse in two revolutions, and the action of the 
engine will be very unsteady unless a vep’ heavy 
flywheel be employed. For this reason modificatione 
of the simple type described above are now made. 
One class of gas engines is made double acting, so 
that an explosion occurs on each side of the I gsto n 
alternately. In another form, often termed TwO- 
8TBOKE or (incorrectly) Two-Cycle eogines, the 
charge is forced into the (cylinder before the exul of the 
exhaust stroke by moans of a separate or UlftFLAOEB 
Pump. The compression is completed in the cylinder 
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by the main piston» and the ignition and working 
stroke follow as in the Otto GyOlb. The main 
piston may serve as a displacer, drawing the charge 
Into the &ont end of the cylinder or into a Crank 
Chamber, an enclosed space containing the piston, 
connecting rod, and crank, and provided with air- 
tight bearings for the crank shaft and with a suitable 
valve for the admission of the gas and air. In this 
space the charge is compressed sufficiently to force 
it into the main cylinder, just before the end of the 
return or exhaust stroke, as above described. The 
fresh charge serves to expel the exhaust gases; 
the exhaust port then closes, and compression occurs. 
This two-stroke cycle has been applied both to large 
and small engines, and especially to small petrol 
engines The changes in pressure and volume 

which occur in the cylinder of a gas engine arc well 
shown by its Indicator Diagram (</.r.) The 
methods of igniting the cliargo, which are to a large 
extent common to all classes of internal (iombustion 
engines, are dealt with under Ignition 
aUo Oil Engines a^id Petrol Engines. The 
theoretical efficiency of a gas engine (.vcc Efficiency 
OK Heat Engines) is much higher than that of a 
steam engine ; this is due to the v€5ry high tempera- 
ture attained by the gases after the explosion. This 
efficiency may be as high as *7 or -S ; the practical 
efficiency is less than one-third of this. But owing 
to the high tlicorctical efficiency, it is more econo- 
mi(‘al (i.A more work is obtained) to tui-n fuel 
(coal or oil) into gas, and use it to drive a gas 
engine, than to use the fuel cither in the solid or 
liquid form to produce steam for a steam engine. 
On this account the use of gas engines is largely 
increasing, especially in case.s where a cheap form of 
gas, such as Mond Gas (^.v.), can be obtained. 

Gaseous Fuel iKng,) Coal gas is employed to Imat 
very small furnaces. On a larger sciale, Producer 
Gas (fl'.v.) is used on account of its much greater 
cheapness. See Furnaces. 

Gaseous Steam ^Eng.) Steam which has been 
heated to above its saturation temperature, i.e. 
SUPEBJIBATED STEAM (^.r.) 

Gases, Density of See Density of 

Gases. 

, Diffusion of (P/^y^.) Dippx^sion. 

, Expansion of ( Phya .) Sec Expansion. 

, Kinetic Theory of (^ PhyH .) See Kinetic 

Theory op Gases. 

, Liquefaction of { Phys ,) See Liquep action 

OP Gases. 

, Velocity of Sound in { Phys .) See Velocity 

OP Sound in Gases. 

Gas Governors. See Gas Eegulatobs. 

Gasket (Eng.) Hope or yarn plaited together and 
used with grease for filling or packing the stuffing 
boxes (^.r.) of engines. Also metal packings of 
various materials used in fixing boiler fittings to the 
boiler shell on surfaces which (jannot be “faced.’ 
Gaskets of fine brass wire (set in red-lead putty) ; 
corrugated copper (most serviceable for large joints 
which have to be taken apart ponodically) ; hard 
rubber ; or sometimes merely copper wire or small 
lead pipe laid in a groove on the flange, are among 
those most commonly employed. 

— (Plnmh.') In plumbers’ work tow (gasket) 
is packed round the spigot in the socket of an iron 
pipe before the lead is run in. 


Gaa Liqao£(G%m.) When coal is dry distilled, 
as in coal gas making, there are produced liquid 
as well as gaseous products. The liquid products 
separate into two layers : the lower layer is coal tar 
and the upper layer is a watery liquid containing 
compounds of ammonia. To the watery liquid is 
added tlie water used in washing the coal gas free 
from ammonia: the whole is what is called gas 
liquor. It contains a large number of ammonia 
compounds, chief among which are the carbonate, 
chloride, sulphide, thiosulphate, and cyanide. Gas 
liquor is the chief source of ammonia and its com- 
pounds. See aUo Gas Manufacture. 

Gas Manufacture. I'he distillation of coal, as 
carried on in gjxswprks, gives rise to three main 
products: A. Coal Gas : B. Coal Tab; C. Am- 
moniacal or Gas Liquor. Each of these is a very 
conqxlex mixture of various substances, and the two 
latter serve as the raw material for the preparation 
of a very large number of organic substances. The 
actual processes, as carried on in the gasworks, 
are described here. 

A. Coal Gas. — Coal of suitable character is beated 
to a red heat in tubular chaiflbers of fireclay, known 
as Uetoets, from which iron pipes serve to convey the 
gaseous products to the Condensing Apparatus. 
The end of the pipe from each roti>rt is bent over, 
forming a Dip 1'ipe, which dips from 1 to 3 in. into 
water contained in a large horizontal tube, terruerl the 
Hydraulic Main. The more volatile products con- 
dense in this main, and are drawn off into a receptacle 
called the Tab Well. The gas now passes through 
a scries of vertical tubes exposed to the cooling 
action of the air. This apyxaratus is called an 
Atmospheric Condenser. The lower ends of the 
tubes dip into water, in whiidi more of the volatile 
constituents (chitdly tarry) c.onden.se as the gas 
gradually cools down. Up to this point the gas has 
been kept at a pressure less tlian that of the 
atmospbore by moans of exhausting pumps ; but 
after passing the condensers it is forc*ed through 
the remaining parts of the apparatu.-^ under pressure. 
The next step is to remove ammonia and other 
soluble gases by subjecting the gas to the action 
of numerous finely divided streams of water in 
WAsriEBri or Scrubbetib. These were originally 
tall iron cylinders filled with coke, througlj which 
water trickled slowly. Hcrubbers are now much 
more frequently filled wdth boards, .about a foot broad 
and a quarter of an inch thi(;k, placed on edge, about 
threequartiCrs of an inch apart, each one being 
placed at a different angle from the one above \ 
This txattern of scrubber is far more effective thfin 
the old pattern, which became choked with tar, in 
which condition it lowen’d the illuminating power 
of the gas. On leaving the scrubbers, the gas has 
lost most of its tar and ammonia comi)Ounds ; but it 
still contains carbon dioxide and various sulphur 
compounds, which must be removed. This is done 
by passing the gas through 1'ubtpieBS, which are 
shallow perforated trays or sieves filled with moist 
lime, hydrated ferric oxide, and sometimes Weldon 
mud (q.v.) The process of purification varies con- 
siderably in different works, the main point being 
to reduce the impurities to a certain amount fixed 
by law, and at the same time to secure the sulphur, 
etc., in the form of a useful by-product. The lime 
in the purifiers absorbs the carbon dioxide and 
sulphuretted hydrogen, forming calcium carbonate 
and calcium sulphide. As the lime has a greater 
affinity for the carbon dioxide, the sulphuretted 



GAS 


249 


GAS 


liydrogen is gi^nally expelled, passiiig on to the 
next box Oaloiiun sulphide (free from the carbonate) 
is thus formed, and this arrests the carbon bi- 
sulphide, 06^ in accordance with the equation 
CaS 4* 0^2 = 0a06^ The process is still farther 
accelerated by the introduction of a small percentage 
of oxygen. After leaving the purifiers, the gas 
passes into Gasholders, in which it is stored under 
suitable pressure ready for distribution. The com- 
position of coal gas is variable ; an average 
specimen might contain, approximately, hydrogen, 
50 per cent. ; marsh gas, 33 per cent. ; carbon mon- 
oxide, 10 per cent. ; olefines, 4 per cent. ; oxygen, 
nitrogen, carbon dioxide, sulphuretted hydrogen, 
otc., 3 per cent. If the Illuminating Power O/.v.) 
is too low, the gas must be enriched ; this is done 
by the addition of Oil Gas, obtained by heating a 
heavy hydrocarbon oil, usually a Paraffin of 
density *8 to *9, or by the aildition of Acetylene 
(^.r.) By this means the illuminating power is 
brought up to the standard fixed by law. This is 
usually fixed at such a value that a burner of specified 
form, when consuming 6 cubic feet of gas per hour, 
shall give a liirht of sateen candle power. 

B. Coal Tar Bistio^ation. — The crude or raw 
material for this industry is furnished by the gas- 
works, and is known as gas tar. The constituents of 
this substance escape from the retorts, and are 
condcjused in the hydraulic mains, condensers, and 
scrubbers. It collects in large vessels called tar wells, 
and is cither reserved for sul)se(iuent treatment l)y 
the gas comf)aiiy, or (dsc, as is more usually the case, 
it is sold to the tar distiller. la its crude condition 
gas tar always contains a certain quantity of 
ammoniaoal liquor (gas li(iuor). from whicli it inust | 
be freed before it undergoes distillation. This 
preliminary dehydration (as it is called) takes place 
in large wrought iron vf^ssels provided witli a dome 
top. Below the dome roof, but near the top of 
the vessel, there is titled a small overflow pipe 
and cock. When the first charge of tar is run in, 
the vessel is “ fired ” from below. As the tempera- 
ture inside rises, the tar becomes thinner and 
its bulk becomes greater. The contaiiu-d water 
in it gradually rises to the surface and accu- 
mulates there. It is then gradually drawn off by 
means of the overflow pii>e mentioned abo^e. When 
all the contained water lias thus been drawn off, tlie 
tar, having a greater specific gravity, remains behind 
in the still. In addition to an overflow' pipe, there 
is fitted near the bottom of the still an exit pi])e, also 
fitted with a cock. This serves to run off the pitch 
when the whole process of the distillation of the 
charge has been performed. The gaseous products 
of distillation (hydrocarbons) are carried away by a 
pipe leading to a condenser. This consists essenti- 
ally of a coil or worm immersed in water in a 
cylindrical vessel. The pipe through which the 
gases escape leaves the still at the top of the dome, 
and is, at the commencement, of considerable 
diameter (about 12 in.), which, however, rapidly 
diminishes to about 6 in. It makes a sharp turn in its 
direction at this point, being bent almost at right 
angles. In addition to this tube, the still is provided 
with a manhole and safety plug fitted on to the dome 
roof. The principle which underlies the method 
of tar distillation is that known as ** frac^tional 
distillation.” It consists in the separate collection 
of various groups of volatile oils by taking advantage 
of the fact that between two given temperatures a 
particular group or family of compounds will pass 
over from the still, thus permitting a preliminary 


classification. These oomponnds tindei^ qondensa* 
tion as they pass through the condenser, and subset 
quently flow into a ** receiver.” The usual classifica- 
tion of these compounds adopted in practice iss 

I. Crude and light oils, distilled up to 17(f; 

II. Crude carbolic (phenol), distilled up to between 
170 and 230° ; III. Heavy creosote oils, distilled 
up to between 230 and 270°; IV. Anthracene oil, 
distilled up to over 270° ; V. Fitch, residue in tar still. 

I. Crude and Light Oils (average specific gravity 
about *98) : These contain a variety of substances, and 
in order to effect their separation, a further process of 
distillation takes place. During this redistillation, 
whilst the temperature is between 80 and 110°, two 
imx)ortant compounds arc driven off. These are 
known as Benzene and Toluene, and form the 
basis from which the commercial products known as 
“ 90 per cent. BENZOL ” and Toluol are prepared. 
The liquid which is collected in tlie receiver during 
distillation between 140 and 170° is commonly 
known as Solvent Naphtha. II. Carbolic 
Oils : These are heavier than the preceding group, 
possessing an average specific gravity of 3 - 003 . The 
two most important compounds deiived at this 
stage arc : (a) Naphthalene, (?>) Carbolio Acid. 

( a ) Naphthalene: This substance crystallises 
out on cooling in large colourless crystals. It is 
drained and pressed to squeeze out any adhering 
carbolic. It is then agitated with (joncentrated sul- 
phuric acid, and subsequently with caustic soda. The 
caustic alkali dissolves any carbolic acid that may 
have been retained by the naphthalene. This 
latter then undcirgoes a final distillation or sublima- 
tion, When pure, it is often sold as a white solid 
substance, known variously as “ pure cazidle naphtha- 
lene,** “ albo carl:>on,** or simply as “ carbon,” which is 
merely a trade name, as it is a complex hydrocarbon. 
(f/) Carbolic Acid: This compound, having been 
dibsohed in the caustic soda solution, is recovered 
by neutralising with uix)n which the carbolio 

acid separates out as ah oily liquid. This oil is then 
washed with water and is redistilled. It is usually 
X>repared for the market either as “carbolic acid 
cr^ stals ” (pure) or as “licjuid carbolic acid *’ (imfiure). 
Its great value lies in its prop(‘rtios as a disinfectant 
and antiseptic. III. Heavy Creosote Oils: These 
arc distill(‘d over, and collcjctcd at temperatures 
ranging from 230 to 270°. As these oils become free 
from the presence of crude carbolic acid, they are 
<diaraclcrised by an oily, greasy nature, and possess 
lubricating proijorties of a somewhat inferior kind. 
The colour is usually a yellowish green. Creosote 
oils may be considered as consisting of two main 
]>ori.ions: the first, known as “liquid creosote’* 
(yellow creosote), and the second, a greenish grease 
or oil. Liquid creosote is used as a liquid fuel and 
for illuminating purposes, d’he ordinary creosote 
is largely used for “ pickling ’* railway sleepers, 
Creosoting. Creosote contains about 4(i per cent, 
crude miphthalone (creosote salts). These salts 
sex)arate out from tlie oil, and are doxxisited in 
very large quantities at the bottom of the storage 
tanks in which the liquid is run for storage and m 
cooling. After cooling, the crude creosote salts can 
be shovelled out and allowed to drain. These salts 
have a ready sale, as the raw material for refined 
naphthalenes. IV. Anthracene Oil : These bodies 
are collected at temperatures of 270° and upwards. 
They may be regarded as hydrocarbons which are 
solid at ordinary temperatures. They are separated 
from the liquid hydrocarbons associated with it by 
treatment in filter presses or hydraulic presses, after 
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cooling. This process extracts the green anthracene 
oil. The crade anthracene contains about 30 per 
bent, pure anthracene. It is eithetr sold as such or 
undergoes farther purification, snob as washing with 
solvent naphtha, to free it from its impurities. This 
jields an anthracene of 50 per cent or eyen higher. 
Anthracene may be regarded as one of the most 
important products of tar distillation, owing to the 
fact that Alizarike — so important in the 'manu- 
facture of dyes — can be synthesised from it, V. 
Pitch : This is the final residue remaining in tlie 
still after one complete cycle of operations. At the 
last stage of distillation superheated steam is driven 
into tho stilL This serves to sweep out any vapours 
still remaining, and helps to break up the hard crust 
on the bottom of the still, thus preventing “coking” 
of the pitch. The pitch is tlien run off from the exit 
pipe whilst still hot and liquid into the “pitch 
cooler.” It remains in this closed chamber for an 
interval of six to twelve hours, ujitil it ceases to gfive 
off vapours. When in no danger (ff taking fire in 
the open air, it is allowed to flow off from tho 
cooler into the pitch bed, where it is allowed to 
solidify into a hard, brittle, black mass, not unlike 
cannel coal in appearance. From here it is hacked 
and hewed out as required for despatch by barge, 
truck, OP ship. It commands an enormous sale on 
the Continent, as a “biucirr” in the manufacture 
of the “patent fuel” so largely used for locomotive 
and railway pui-poses (briquettes). It is also made 
into “asphalt” by mixing with creosote oil and sand, 
gravel, or stone chips. It may be added here that 
the distillation of one ton of gas coal will yield on 
an average from ten to eleven gallons of tar, from 
which about eighty pounds coal tar pitcli can be 
produced. 

0. By-Products from Ammoniacal or Gas 
' Liquor. — In addition to the large number of useful 
commercial substances which arc o}>tained by the dis- 
tillation of coal tar derived from the manufacture 
of coal gas (see (’oal Tar Distillation), there is 
another large and important body of compounds of 
which Ammoniacal JiiQUOE is* the chief source. 
Anunoniacal liquor (known also as Gas Liquor or 
Mother lilQUOR) is formed in the condcnser.sand the 
scrubbers (see above), Ammoniacal liquor is a highly 
complex aggregate of compounds, in each of which 
the ammonia plays the part, of base. It contains 
Carbonates, Sulphides, (Jyanides, Thiocar- 
BONATES, ThiosuJiPhates, Sulphocyanides, and 
Ferbocyakides of Ammonia, along with some free 
ammonia. The first three compounds enumerated 
sdong with tho free ammonia are removable by boiling, 
being volatile at ordinary temperatures. The others or 
Fixed ammonia compounds are removable on lK)iliiig 
with milk of lime, Thcj most valuable commercial 
products obtained from gas liquor are : (1) Sul- 
phate of Ammonia ; (2) Ferrocy ankles. Owing to 
the valuable properties that sulpliate of ammonia 
possesses as an artificial manure, its manufacture is 
a source of profit to gas companies and corporations. 
It is by no means unusual to erect a sulphate plant 
as one of the adjuncts of a gasworks, Sulphate of 
ammonia contains of nitrogen about 20 per cent, of 
its weight, and is therefore richer in that element 
than its cMef rival, nitrate of soda, which contains 
about 16 per cent, of its weight of nitrogen. Sul- 
phate OF Ammonia Manufacture : Tho sulphuric 
acid which is necessary for the manufacture of this 
Important “residual” is usually derived from the 
spent oxides of iron from the Purifiers of gas- 
woiks, or it may be produced from iron pyrites, 


which is imported in laig^ qnan^ties from Spain 
and Scandinavia for that purpoee. Both these taw 
materials contain the necessary sulphur — as mjach as 
60 per cent, by weight. See SULPHUBlo ACID. In 
the manufacture of snlphate Of ammonia the am- 
moniacal liquor, after being boiled with limO in “ lime 
boilers,” is thus freed from Its combined ammonia gas. 
The sulphuric acid is then saturated with ammonia gas 
in the “ saturators.” Tho ammonia is thus converted 
into sulphate of ammonia. On crystallising out from 
this concentrated solution, the salt is freed from 
water by dehydration in Centrifugal Drying 
Machines. It is sold as yellow or grey salt, and 
contains about 25 per cent, of ammonia. Febro- 
CYANIDES AND CYANIDES FROM OAS LIQUOR: TbesC 
may, along with sulphate of ammonia, be regaided as 
the two most valuable products recoverable by gas- 
works from their crude gas liquor. The existence of 
the cyanogen (CN) radicle in gas liquor has long been 
known, but it has only been during the last ten years 
that gasworks have been considered an important 
source of those compounds. The enormous success 
which has attended the McArthur Forrest process (in 
South Africa and elsewherc)^r the recovery of gold 
from “slimes” or “ mill tailings ” by treatment with 
a solution of cyanide of i>otassium has consequently 
directed much attention to these products during 
j recent years. The principle of the process carried 
on by several of the largest gasworks in the United 
Kingdom and on tlie Continent is tho elimination 
of the cyanogen contained in the gas by forcing tlie 
latter to pass through a special mechanical “ washer ” 
before entering the purifier. 3’his washer is an 
apparatus divided into four or five compartments, 
the last compartment containing a concentrated 
solution of an iron salt (preferably cop}u^ras = sul- 
phate of iron). After forcing tlic gas through tiiis 
apparatus for some hours, the Sulphate of iron is 
reduced to Sulphide of iron, and the ammonia of 
the gas coml)inos with the acid to form sulphate of 
ammonia. Tho sulphide of iron is then atta/;ked 
by the ammonia and cyanogen of the gas, and is 
comerted into an insoluble double salt, ammonium 
fcrnKjyanide. Tlic gas is thus /reed from its cyano- 
gen, which remains beliind in the liquor. This 
liquor is of a colour ranging from black to yellowish 
green, and of a muddy consistency (“cyanogen 
liqutjr”). This sludge, or muddy liquor, is boiled 
until its ammonia is driven off. The insoluble 
residue, consisting of the double salt of iron and 
AmCN, is tlien compressed in filter presses to a 
Oake, wdiicb contain.s about 30 per cent, of Prussian 
blue. Yellow pruswsiate of potash is prepared from 
tills by fusing with carbonate of potash. Cyanide 
of potassium (for gold extraction) is prepared by 
heating pmssiate of potash, carbonate of potash^ 
and metallic sodium together in iron crucibles. It 
should be added that the enormous demand for 
cyanide of potassium has, during the last few years, 
led to the perfecting and patenting of many in- 
genious processes for its manufacture by other means 
than from the ferrocy ankle of gas liquor. These 
“synthetical” processes aim at the production of 
allmline cyaniflcs (chiefly sodium cyanide) by the 
direct combination of ammonia (giving nasot^nt 
nitrogen) with carbon in tho presence of an alkali 
metal. Another ingenious method is based upon the 
reijioval of sulphur from sulphocyanides by oxida- 
tion of the sulphur to SO, with nitric acid. The 
gasworks, however, possess a very valuable eouroe 
of cyanogen in their liquors, «whicb is readily and 
cheaply converted into prussiate of potash, to such 
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m estteni that, at the jpresent moment, the cjanide 
market is sutteting trom over production. 

Ga «9 Saiiinl (Gwl,') A native hydrocarbon in a 
gaseoiKe state which is liberated, usually by artificiaj^ 
means, such as boreholes, etc., from subterranean 
reservoiia, which occur in various parts of the world. 
These are commonly associated with deposits of 
gypsum, anhydrite, rock salt, or some of the minerals 
which accompany these. 

Aatoline (Cli&m.) A low boiling fraction (70® to 
90® O.) of American jietroleum ; used as a solvent 
and for increasing the illuminating power of coal gaa. 

Gasoline Engines. Petrol Engines (q.r.) 

Gas PlleFB. strong pliers with curved and toothed 
jaws in which gaspipe can be held. 

Gas Ports CAJiiff.') Apertures in a gas engine 
cylinder for the admission of the charge of gas. 

Gas Producer etc.) A foim of furnace, 

charged with coke and inferior carbonaceous fuel, 
through which is blown air and steam. A mixture 
of hydrogen, oxygen, ^rbon monoxide, and certain 
non-combustible gases is formed, known as Producer 
Gits (q.v.) This gas can be burnt, giving a very 
economical fuel for furnaces and boilers, or it can be 
used to drive gas engines after it has been purified 
by simple processes resembling those employed in 
gas manufacture (<y.r.) 

Gas Pump (AV;//.) A small pump used in some 
forms of gas engine for compressing the charge and 
forcing it into the cylinder. 

Gas Regulator {Imntrm Work). An automatic 
valve govevm'd by a spring which controls the supply 
of gas from a gas cylinder : this valve permits a 
steady flow ()f gas at a very constant pressure, and 
the main valve of the gas cylimler need not be 
touched after it has once been opened, until the 
supply is no lojigor required ; any necessary regula- 
tion of the amount of gas may be done by means of 
the small taps attaclied to the oxyliydrogen jet. 

— (^Plumh.) Special fonus of float valve are 
used as regulators or governors on tin? service pipes 
of large institutions to regulate the pressure. They 
ensure a steady light at the burners, and save waste 
by flaring. 

GasBing Eng.) A term applied to the 

poisoning of workmen by s(‘wer and otlier gases 
escaping from clicmical plant, notably H„s, N^O^, 
CO, AsHj, etc. Special rules arc now approved by 
the Home Office for the prevention and treatment of 
Bitch cases. The remedies are much the same as for 
cases of drowning, e.g. artificial respiration, the use 
of compressed oxygen, etc, 

{TextAle Manufac.) A process for clearing 

the spun thread of loose fibres or fluflE by passing 
quickly through a gas flame and singeing; this 
impfirts a smooth surface to lace, yarns, etc. See also 
Singeing. 

Gas Stocks and Dies (A%.) Appliances for 
cutting gas-threads, i.e. tlie fine screw thread used 
in connecting pieces of iron gas barrel. 

Gas Stoves. See Stoves. 

Gas Tap. Sec under Gas Manufacture. < 

Gas Thennometeps. See Thermometers and 
Heasubembnt of ^Temperature. 

Gas Thpeads. See Screw Thb£aj>s. 


GaitPle Juloe* The gtomach gecnetion of s h i tn kl s i 
in man it may be said to consist of the lersieat 
pepsin (an ensyme), bydrochlorio acid, and i&e 
chlorides and phosphates of sodium, po t a ss i nm » 
ammonium, calcium, magnesium, and 
in very small quantity : water forms 90*5 pep cent. 
cd the gastric juice. It converts protdds inte- . 
peptones which are diffusible ; it also acts as tax . 
antiseptic. Artificial gastric juice is the glyoeribo 
extract of the calf's stomach, containing hydrochloric 
acid. 

Gate (Met) .Sometimes spelled Geat or GiT.. 
Also called a SPRUE, (a) The channel or ingate 
by which metal is poured into a mould when casting. 
(h) Tlie metal left in such a channel attached to the 
casting. There are five kinds of gate, viz, (!)• 
J'OURING Gate ; (2) Skimming Gate— a recess below 
the lionring gate for skimming the metal ; (3) SpBUS 
Oaths — smaller passages, often two or three in 
number, leading from the skimming gate to the 
mould ; (4) Feeding Gates, through which the flow 
of metal is assisted by agitating with an iron rod 
(5) Plow Gates, up which the metal rises when the 
mould is full. Nos. 2 to 5 are generally used only in 
the case of larger castings. 

Gatheper (^(^lass Manufac.) The workman who 
takes the piolten glass from the furnace and prepares 
it for the making of articles. 

Gathering (Eindi?ig). Collecting into volnme- 
from printed sheets as they come from the printer. 
This work is generally done by girls, and may be 
fjcrformcd either with the unfolded sheets or with 
folded sheets vrhich Engli.sh bookbinders call 

Bections. 

(Build.) Drawing over the inside of a flue by 

corbelling. **' 

Gauge ( Tivild.) The distance between the battens 
for slating ami tiling. 

(Carp, and Joinery). A tool used for 

measuring and marking material. See Marking 
Gauge, Mortice Gauge, etc, 

(Eng.^ etr.) (1) An object used as a standard 

of measurement. (2) A tool used for making 

measurements of lengtli (or, less frequently, of area 
or volume). See Wire Gauge, etc. (3) An instru- 
ment for measuring the volume of a fluid (c.g, a 
Water Gauge, q.v.) or the pressure of a gas'(tf.9. 
a Puesbuke Gauge or Vacuum Gauge, q,v,) (4)^ 

The distance apart of the rails in a railway or tram- 
way. See Gauge of Railways, Bboad GAUGEt 
Narrow CJaugr, etc. 

Gauge Cocks (Eng,) Small taps or cocks in a 
boiler, one below and one above the proper water 
level. 

Gauged Arch (^Build.) St^e Abch. 

Gauged Stuff (Build.) Lime putty with a small 
quantity of plaster of Paris. 

Gauged Work (Build,) The best kind of brick- 
work, the bricks being rubbed to shape, set in 
cement, and jointed wul.h putty (q v.) 

Gauge Glass ( TS)ig.) A glass tube connected at its 
ends to the inside of a boiler, so that the upper end 
is in communication with the steam space, the lower 
with the water ; the level of the water in the tube is 
the same as the leiel in the boiler, thus showing at 
once if the boiler contains the corieot amount of 
water. 
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Gauge of Raflwaya Eng,) The distance 

between the inside edges of the rails; this is 
4 ft 8^ in. in England. For light or for temporary 
railways a narrower gauge is used ; thus the 
Festiniog railway has a gauge of 2 ft only. The old 
Broad Gauge, only recently abolished on the Great 
Western Hallway, was 7 ft., and a gauge of 5 ft. or 
more is used on many lines abroad ; in Ireland the 
standard gauge is 5 ft. 3 in. 

Gauge of Tramways ((7m/ Eng,) The standard 
gauge of 4 ft. in. is used on most English 
tramways. 

Gault (^Qeol.) A bed of clay of marine origin 
which, in the south-east uf England, lies beneath 
the Chalk, and forms the lowest member of the 
Upper Citrtiaoeons Series. The Upper (Greensand, or 
its equivalent, usually comes next above the iJault. 
It is richly fossiliferous in most localities where it 
occurs. 

Gaultheria {Botany), A genus of evergreen 
aromatic plants (Ej'iracfo ^') ; yields an essential or 
volatile oil used in pLiarmacy. Known in the United 
States as Wintbikjrken. 

Gaults. Sr(^ Bricks. 

Gauntlet. A glo\e, generally made of leather 
covered with steel j ilates, vvorn .as a })art of medi^e^'lLl 
armour. iSIrr ARMOUR. More recently, a stout glove 
used in various games and sport.s. T'he term is also 
applied to the part of a gJovc w’hich widens out and 
covers the wrist. 

Gauss’ Theorem (Elect,) The Total Normal 
Electric iNUUCTioii over a closed surface is 4ir 
times the charge enclosed by the surface. 

Gause (TextHe Manufac.) A system of- weaving 
in which one set of threads are twisteil round the 
•other .set, thus producing an ojKin texture fabric. 
tJs^'d for light cloths only. Also styled “cross 
weaving.” 

Gay Lusiao Degrees. See Descroikilles De- 

•GREES. 

Gay Lussac’s Law (Chem.) May be stated thus: 
when gasc'* combine together they do so in volumes 
which bear a simple ratio to each other and to that 
of the gaseous product (all measurements being made 
at the same temperature and pressure). 

Gay LuBsac’B Heasurement of Vapour PreBBure 

iPhys,, Chem.) Sec VArouu JT.e.sbure. 

Gay LuBBac Tower Eng.) A tower suit- 

ably packet! and attached to the exit i)f a Vitriol 
Chamber (g^.r.) to catch tlic nitrous gascss which 
escape. Hulpliuric acid ol 150° Tw. (nee Hydro- 
meter) flows down the tower, and dissolves the 
nitrous compounds as they pass up. Of. Glover 
Tower. 

Ge. Chemical symbol for Germanium. 

Gear (^Cycles), The mechanism by whitdi power is 
transmitted from the crank axle to the axle of the 
back wheel. In place of the ordinary chain gear 
(jfce Cycles) a bevel gear is soractime.s used. Two 
pairs of bevel whecds are required, connected by a 
horizontal shaft parallel to or inside one of the 
horizontal tubes of the back fork. The device is 
neater than a chain and more easily protected from 
dust, but more difficult to repair. 

Gear (Eng,, etc,) A term applied in a very wide 
Bense to various arrangements ol mechanism, sets 


of tools, or appliances, etc. In particular, a set of 
toothed wheels working together. 

Gear Caaea (Cycled), Light cases of leather or 
celluloid suffice to keep much dust from the chain : 
these are properly termed Gear Covers. A true 
Gear Case is a metal case which not only excludes 
dust, but is capable of containing a bath of oil at 
its lowest point ; this oil efficiently lubricates the 
chain and ciiain wheels. 

Gear Cutters (Eng,) Milling wheels or circular 
tootlaod cutters, used for forming or finishing oflp the 
teeth of wheels. 

Geared Flywheel (Eng,) A flywheel with teeth 
on its outer edge, for driving .some mechanism direct 
from the engine. 

Geared Lathe (Eng.) See Back Gear. 

Gear, Height of (Cyrles). Multiply the diameter 
of the back whetd by the number of teeth on the large 
chain wheel, and divide by the number of teeth on 
tho small wheel. The result is tlie .size of the back 
wilt'd which would have to be used to carry the 
rider the same distance in^ne revolution oi the 
pedals, if tlie latter were directly ftx«- I to the axle, r s 
in the old liigh bicycle. 

Gearing (Eng.) Sets of gearwheels, /,r. tonthe* 
wheids working togothor. 

Gearing Down (Eng.) lleducllon of the speed oi 
rotation by means of a set of gear wheels, as in the 
headstock of aback geared ’lathe or in the nierhanism 
used to communicale tlio moti(*n of the motor of .* 
car to the axle of it.s driving whec'ls. 

Gearing Up (Eng.) liuTeasing speed 
rotation of one shaft relatively t T Liy o' 

ncctiug them by a tiain. or set. eels or 

some equivalent device. 

Geat (Foundry). A Gate (g.r.) 

Gedact Work {Music). Tliose organ stops belong- 
ing U) tlie Hue work, which consist ol closed ]Mpes. 

Gedge’s Metal. Sec Aicrr Metal. 

Gegenshein (AAtru/i.) A bught patch, W \ r £0° 
in diameter, seen in the sky on the oppoMto siue of 
the horizon to the rising er setting sun. 

Gelatine. A brittU:, amorphous, ti-ansparent solid ; 
in.solublc in cold water, but ii absorbs from o to 10 
per cent, of it, and swells during the process. It is 
also insoluble in salt solutions, acids, and alkalis. 
It readily dissolves iu hot ivater. and tlie solution on 
cooling forms a jelly. The gelatinising temperature 
is30°G. Its chemical con.stitution is entirely un- 
known. It contains about .50 per cent, caihon, 6*5 to 
7 per cent, nitrogen, 17 to 18 per cent of hy<irogen, 
•2 to *7 per cent, of sulphur, and about 25 per cent,, of 
oxygen. Its decompo.sition products (by putrefaction, 
treatment with alkalis or acids) resemble those of 
albumins in many respects, but differ in the large 
amount of glycocoll (y.r.) which is alw’ays obtained 
from gelatine, and in the absence of tyrosine (y.r.) 
Gelatine is obtained from connective tissue, from 
skins, from the swimming bladder of fishes, and from 
bones by the prolonged action of boiling water or 
superheated steam. The gelatine from the swimming 
bladders is known as Isinglass ; that from bones, 
which is not so pure, is called Glue. Its prepara- 
tion from bones is as follows ; The bones are soaked 
in weak acid till soft, then washed ; digested with 
superheated steam ; the product is run into vessels 
and allowed to settle ; the fat skimmed from the top, 
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and the gelatine bleached, if required, by sulphnroua 
acidf and filtered ; then concentrated by Bteam pipes. 
Gelatine is used in preparing jellies, sweets, photo- 
graphic plates, in numerous copying processes, in 
clearing soups, etc. Gelatine belongs to the class of 
substances known as albuminoids ; though richer in 
nitrogen, it cannot replace protcids in a diet. 

OeniB* Pbegious Stones. 

Geneva See Genus. 

General Fog (Photo,^ A partial redaction of the 
silver salt all over the film during development. 
There are a number of causes which tend to bring 
about thi.s*, such as exposing the plate to an unsafe 
darkroom lamp, keeping plates in an unsuitable 
manuer, etc. 

General Joiner (^Ckirp., etc.) A machine used for 
a variety of wood working operations — sawing, 
planing, drilling, etc. 

Generating Circle (Png.) Tlie small circle whu'h 
traces out the cycloidal curve required in .setting out 
the teeth of wheels. A point in the generating circle 
wt'ich rolls rtii the Ti^acH CIRCLE (^.r.), traces out 
the curve required. 

Generating Surface (AVi/;.) The heatiug surface 

a boihT. 

Gcnouillere (Armour). A jointed and flexible 
of armour J'onniug the covering for the knee. 

Armour. 

Genre Painting (Pai,it.) Applied to a style of 
7 >.ii/iting (or t«' a picture) which depicts scenes of 
c . "lydii li''c. The tlnesl examples of genre painting 
art* the. pie*, uros Viy the earfy Ikitch artist s. Amongst 
Hri^r n arfist s IJi^g ’*h and AVilkic have left not:d le 
MX.ainj)lcs. 

Gertian (Uotajitj). The bitter tonic medicine i*. 
pnqrir-'d iriun the dried ror)l of OcHthiuahOea (order, 
Gl 'tuntnvoo)., iuifiorted from Southern France. 

Gentianaceae (Itotany). A natural order of Dicoty^ 
i omprising plants of vai'i(!<l liabitat. iSt)me 
of the plant. s are medicinal. 

GeiiuB (liiol.') A genus is a group of Species 
v;hich x)Osses^- cerfain .structural characteristics in 
CO! nmon. A plant or animal is usually denoted by t wo 
names: the first or Generic Name being the name 
of its genus; the second or SiMiCiFic Name being 
added to denote the species, and thereby to distin- 
guish it from the other species w'hicli arc included 
in the saim- genus. ^ Thus tbo zoological genus Felh 
includes the Lioi/(^d7/.v Lro), Tiger (Felts Tiyri.’t), 
Wild Cat (Felis ('atus\ etc. The botanical genus 
Itfjuvtietthis includes the }5utt croup, Ramincvlvs 
JcrU\ the Groat Speurwort, Itanunculus Littyu^x, etc. 
See aho Species, Order, etc. 

Geocentric (Astrtm.) A term used when referring 
measurements to the centre of the earth. 

Geodesy. 'I’lie braucli of Applied Mathematics 
dealing with the measurement of the form and dimen- 
sions of large portions of the Earth’s surface, of 
the Barth as a whole. 

Geognosy* A term which was in general use up 
to the middle of the nineteenth century for the 
department of Geology which is concerned with 
rocks (j»er se), and without reference to either their 
age or their origin. It included two important 
subdivisions, which were : PBTBOLoav (properly so 
termed), or the study of rock masses as they occur in 
the field ; and Lithology, or the department of 


science which is oonoemed with the mineral con- 
stitution of rocks, or the study of speoimens by 
means of the microscope. 

Geological Time. A chronological measure (of a 
somewhat indefinite character) which bears the 
same kind of relation to the measures of time used 
in history that the distances of the stellar bodies do 
to the ordinary standard of terrestrial measurement. 
Wide differences of opinion exist in regard to the 
Age of the Earth, as expressed, for example, in 
centuries. Those who base their conclusions mainly 
upon certain physical considerations usually set the 
figure at a much lower estimate than geologists as 
a whole find themselves able to accept. 

Geology. The science dealing with the events' 
that have occurred upon or within the Eartih 
prior to the Dawn of Civilisation. It deals with 
everything relating to the Suroe.ssion of Life upon 
the Barth, to the changes in its T)hysical geography, 
to the structure aud history of its rock masses, to 
the antecedents of its present surface relief, and to 
ihe origin aud mo<le of occurrence of the Earth’s 
econoiuic products. In more general terms it may 
be .said that Geology deals with the History of 
Former C'hanges of Life and Land. 

Geometrical (AreMicef.) Onv, of the periods into 
w'hich Shijrpe flividecl Gothic architecture. The name 
given to the type of tracery used in the geometrical 
period — the earliest form of bar tracery. This kind 
of tracery is principally iorrn(‘d of regular figures, 
such as circles, trefoils, etc., and is much more formal 
than the laler tracery of the Decorated peiiod. 

Geometrical Slide. A device whi<'^h causes a 
rat>vmg part of some apparatus to have certain 
Decrees of Freedom ((j.r.) and no others, so that 
it .shall alw.*iy.s move in tl)C same path. 

Geometrical Stairs ( Farp.., etc.) Stairs that have 
a continuous handrail and outside string. 

Geometric Clamp (Phys., etc.) A device for 
fixing some part of a piece of !ippiiratUw«« so that it 
has no Degree of Freedom (y.r.) ; that is, its 
retention in position depends upon the fulfilment of 
certain kincmatical conditions, and not nj/on any 
mere application of force ; it can bo removed and 
replaced in the identical position it originally 
occupied. 

Geometry. (1) The branch of mathematics which 
deals with line.s, areas, and ^oliclB, as di.stinguished 
from alge\)ra, wrhich deal^ with abstract quantities. 
(2) The bi'anch of the art of drawing which deals 
with the construction of mathematical figures. 

Geraniacese {Jiotatiy). A natural order of JHeo- 
tyledoTM, uf world-wide distribution. Many of the 
plants have aromatic and astringent properties. 

German Degrees (Chem.) See Descroizilles 
Degrees. 

Germanium (Chrm.) Ge. Atomic weight, 71*8. 
A very rare metal belonging to the carbon group in 
the periodic system (q.v .) ; its existence was pre- 
dicted by Mendfilejeff. It was discovered in a very rare 
silver mineral, Argyrodite ; also occurs in the rare 
mineral Kuxbnitb. It is a lustrous, greyish white, 
brittle metal obtained by heating the oxide GeOj. 
with carbon. Heated in clilorine it forir*3 the tetra- 
cliloridc GeCl^, a colourless fuming liquid. 

German School of Painting. See PAIhtiko,. 

Schools of. 
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Gemum Silvep (Mat) An aJlay of copper (60 to 
*60 per cent.), nickel (15 to 26 per cent.), and zinc 
(16 to 20 por cent.) A German silver containing 
1 to 2 per cent, of tungsten is called Platinoid. 
These allo^ have a high electrical resistance- 
platinoid higher than German silver — which increases 
uniformly between 0^ and 100° C. 

Geradorffite iMin,) Nickel sulpharsenide, 
NiSjf.NiAa^; 

cubic, in bright tin white crystals, often with 
a greyish black tarnish. From Sweden, Styria, the 
Harz, Thuringia, and in good crystals from near £)ms. 

Geyaer (Oeol.') An intermittent thermal foun- 
tain occurring in connection with the quiescent 
stages of volcanic action. It consists essentially of 
.a tube eictending downwards to a zone of high 
temperature, and connected with some source of 
water supply. The water in the lower part of the 
tube becomes gradually heated above the boiling 
point, until sufficient force accumulates to expel the 
whole column, which is usually done with explosive 
violence. The thermal waters commonly leave a 
^deposit of Geyserite around the orifice. 

Geyzerite (Mhi.') Spc Sinter. 

GialloUno (Pamt,) See Naples Yellow. 

Gib {Png.) A bar of metal with its ends bent at 
right angles to its length; used with a cottar or 
wedge for holding in -jilace the loose strap on the 
■end of certain forms of connecting rod. 

Gibbous {Aiitroii.') J'he apparent form of the 
Tisible portion of a planet or satellite when more 
than half but less than the whole illuminated 
hemisphere is seen. 

Gib Headed Key A key with one end bent 

at right angles to its length (similar to a gib), 

Gflfard’s Injector A device for forcing a 

small stream of water into a boiler against the 
pressure of the water and steam. The necessary 
energy is supplied by a small jet of steam at a high 
velocity. 'J'he apparatus can be made continuous in 
action, and has the advantage of posses.sing no 
moving parts. 

Gingering ^Binding.') Sliding a line finishing tool 
(fillet or pallet), in ])lace of working it over the 
leather. It adds biightuess to the gihling. 

Gigging {Woollen Mnnvfae,') A procos.s of raising 
on ttie llAlsiNG Applied to certain types 

of woollen fabrics, rugs, and blankets. 

Gilding. See Electroplating, Gold Leaf, 
Gold 1'aints, Glass Mant^factubb. 

Gimlet {Carp., etc.') The ordinary boring tool 
used for making small holes in wood. The best 
form.s have a helical (or so-called “spiral”) fluting 
running round the shank or stem. 

Gimjk A kind of openwork trimming formed of 
worsted, cotton, or silk twist, with generally a thin 
wire or cord running through. It is used on dress, 
furniture, etc. ; that used on dress is sometimes 
■covered with beads. 

Gin. A form of trap actuated by a spring ; used 
ior catching game or vermin. 

— Prepared from the distillation of fermented 
^ain, flavoured with juniper berries and other 
jaromatio substances. The amount of alcohol present 
is about 45 per cent. The limit to which the spirit 


can be reduced by the admixture of water under 
Food and Drugs Act is 86° under proof. 

Gin {Bng., etc.) A simple form of hoisting 
machine ; the hoisting rope or chain is wound on 
a barrel driven by a handle, without any gearing, 

, Cotton ( Cotton Man%ifac.) See Cotton Gin. 

Ginger {Botany). The dried rootstocks of the 
plant Zingiher oj^nnale (order, Mngiberaoea) are 
known to commerce in two forms, the ♦* coated ” and 
the “ scraped.” according to whether the rind is 
retained or not. 

Gingham {Cotton Mamfac.) A plain weave of 
cloth, medium to heavy make, usually of fine warp 
threads and coarser weft. Generally made in check 
patterns. 

Ginseng {Botany). Tlie root of Aralla Ginseng 
(order, Aralinceie) has been long esteemed as a 
medicine in China. It is also used as an adulterant 
of senega root. 

Girandole {FurniUcre, etc.) (1) Candelabra. (2) 
Revolving jets of water, as on an ornamental fountain. 
(.*>) A pendant or earring. ^ 

Girder ( Kng., etc.) A beam of iron or steel. It may 
be in one piee.e, produced by casting or by rolling, 
or may be built up of a numbe!* of plates or bars of 
wrought iron or mild steel, riv(‘ted or bolted together. 
The hitter form is the one mw most commonly 
adopted. The name is also applied to a built up 
beam of wood and iron, c.g. a Flitch Beam {q.v,) 

Girder Bridges {Bag.) TMdges carried by girders 
alone; used wncro the spun is not too great, or 
wlicie i liter inedmte piers can be erected. 

Girth. The circumfiTence of an object. 

Girth Measurement {Dec.) Jn estimating the 
area of painted work or plastering, mouldings are 
measured round each member by a flexible tape. 

Qiii {Fo^ind ry). A Gate {q.r.) 

Give {I'^ig., etc.) A joint or a structure is said to 
“ give ” wlien it yields or breaks under u loail. 

Gjer'B Kiln ( J/c^.) A circidar kiln of iron plates 
lined with flreliricks and liuviiig an inverted cone at 
the bollorn. Xlseil for calcining iron ores for the 
blast surface ; chiefly in the Cleveland district. The 
siiiiie patentee is associated with a pneumatic lift for 
blast furnaces, and “soaking” pits {q.v.) for steel 
blooms. 

Glace {SiVt Mannfac^ A very closely woven 
plain silk, thin and briglit ; tie as tabby. 

Glace Kid {Leather Manufac.) Goat skins pre- ^ 
pared with high glaze. Originally alum tannage was 
employed ; now chiefly clirumo tanned. Properties : 
very strong, jjliablc, and light; used for uppers of 
light boots and shoes. Sec Glazing. 

Glacial Acetic Acid ( Chein.) A name given to the 
purest commercially prepared acetic acid ; so called 
because it solidifies to an ice-like mass, which melts 
at about 1G° C. See Acetic Acid. 

Glacial Action ( Gcol.) In general terms this may 
be sail I to give rise to three sets of results : (1) The 
transportal of rock debris downhill and seaward 
from the heart of a mountain area ; (2) the mechani- 
cal erosion of the sides and the floor of the tocky 
surface over which the ice is moving; (3) the re- 
deposition of the transported d6bris in the form of 
morainic matter, or, in the case of the latger masses 
of ice, in the form of boulder clay, or more or less 
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'watemorn xoaterials which form Esksbs and oth^ 
depoaitB of sand and gravel. SBe alto MobaiKbs. 
OlaoM Denad^ion ( 6leol') See Dbntjdatiok. 
Oladatioii See Glacial Agtiok. 

Glaciev {QeeX^ Elongated and river-like masses 
of ice, due to the regelation of half-melted snow and 
the gradual flow of the resulting semi-solid downhill 
and seawards along some pre-existent valley shaped 
by rain and rivers. Glaciers grow only under those 
geographical conditions in which more snow falls 
than the summer’s heat suflices to melt. Glaciers 
are important agents in modifying the form of the 
surface over which they move. Most of the Lritish 
lakes, for example, are old river valleys which have 
been locally deepened and widened by the erosive 
action of glacier ice in former times. 

Olaire (^Binding), White of egg w'ell frothed up, 
with the addition of a drop or two of vinegar. It is 
applied to the places whi(rh arc to be gilded to ensure 
the adherence of the leaf gold. 

Glaive (dr^w). The name glaive has been applied 
at dilferent times to different weapons — ejj, to the 
bill, the spear, and the sword. More commonly it 
refers to the bill 

Gland ( BioU) Certain organs in an animal or plant 
which secrete fluids having special functions ; e.g. 
salivary gland, lachrymal gland, mammary gland, etc. 

{Bng^ The tubular casting whicli fits into 

the stalling box of a cyliii<lcr, etc,, and through 
which the piston lod slid<‘s. 

Gland Bolts (-AVy.) The bolts which bold a gland 
in place. 

Glass Embossing (7>ee.) Although this wor^ 
constitutes a tiade in itself, it is often carried on in 
conjunction with .sign writing. The process consists 
of etching a design on ihc surface of glass by moans 
of liydrofluorio or wliito (sometimes called French) 
acid, or a combination of b.jMi, The desigpi is 
usually drawn upon cartridge or mtiTiilla pa]xu', and 
is pc»unced (</.r.) <in the face of the glass. A coat of 
Brunswick black, Romeiimes mixed with a little 
beeswax, is then painteil over those portions of the 
surface that are n(jt to be ctclu'd. Wlieu the bLack 
is quite dry, a little wall or ciinbankruent made from 
a mixture of tallow and Burgundy pitch is placed 
around the edge of the glass to confine the acid. 
Care being taken that the surface is quite level, the 
acid is gently poured on, and immediately begins to 
eat into the glirss, the black protecting those parts 
which it covers. When the etching is sufficiently 
'Ideep, the acid is poured back into the guttapercha 
bottle in which it is kept for further use, and the 
black is removed by softening with turpentine and 
scraping off. Hydrofluoric acid gives a different 
surface from F)cnch acid, anrl the two are therefore 
frecmently used one after the other to produce 
shaded effects. The process is often used on flashed 
glass such as ruby, the acid removing the coloured 
surface, and leading the design or lettering in white 
upon the ruby ground. 

GlaesmakerB* Soap ( Glas^s ^fanvfao.) Manganese 
dioxide, which, when added to the metal,’* removes 
the green colour due to ferrous silicate. 

Glaii ManufactuFe. The discovery of the art of 
making glass is lost in antiquity. I’robably the 
ancient priests of Egypt were the first to practise its 
nmnufaotuxe, At Memphis and Beni-Hassan are to 
be fpimd, sculptured on the walls of the tombs, un- 
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mistakable representations of glass blowers a^ work. 
These date from 3900 and 2H61 B.pi respeoHyely, 
The oldest piece of glass known was fpuna at TklibM 
by Bignor Drovetti. It dates from 8064 is 
opaque blue in colour, and is now in the Brl^sb 
Museum. The early Egyptians used glass to tom 
hieroglyphics for inlaying in stone, wood, or metal, 
and for personal ornamentation ; many examples of 
these may also be seen in the British Musetua. 
Perhaps the earliest proof of the Domestic USB OB'. 
Glass is found in the frescoes of Thebes, where glass 
bottles holding wine are represented (1500 B.O,) 
That the practice of moulding glass was known 
at that date is apparent by their figures and 
ornaments, which have every indication of being 
cast. The colours chiefly employed were opaque 
dark blue, turquoise, yellow, and white. Both in the 
British Mnsenm and in the Victoria and Albert 
Museum can be seen many V)eautirul specimens of 
glassware, upon which all these colours are to be 
found. They consist of small vase-like forms with 
and without bases and handles ; canes or threads of 
the various colours appear to have been placed around 
the bi>dy in alternate horizontal bands while in the 
molten state, and at equal distances round the article 
tiiese circular thi'eads liave been pulled together in an 
upward direction, ])robably by means of a book (a 
method still in use at the present day), i>roducing 
catenary-like tsnrves, while in others the parti^ 
(lisplacciuicnt of these undulating bands of different 
colours is so regular as to suggest the use of a 
uvacliinc. The PUcenicians, Greeks, and early 
Homans manufactured glass closely rcjsembling that 
of Kgyj>t, indicating that they obtained their know- 
ledge of glassmaking from the Egyptians, or perhapB 
employed Egyptian glaas workers. The Bomans of 
the later periofi made glass in great variety of colours 
and de^igns, imitating all kinds of gems and stones, 
and using various opaque colours for decorative 
puiposes. They also practised many methods of 
easing, or flashing various colours one on ajiother, 
thus producing what is known as Bculptubbd or 
(’AMEO Glass. This is made by coating a dark blue 
opaque glass wit!) a white opaque glass whilst in the 
molten state, and so uniting them together. It is 
then blown out into the required shape, and, after 
being annealed, the portions of the wliite coatings 
which form the design are carved, while those not 
required are removed, thus ex))Osing the dark blue 
ground. The PORTLAND Vaeb (British Museum) is 
a notable example of this style. Bo remarkable is 
the knowledge disx>layed in its manufacture, the 
elegance of its form, and the expressive modelling of 
the figures which form the design, that it is regarded 
as the most mfignificent gem of the glassmakers* art 
exUnt. The Venetian glass blowers were artists of 
considerable skill, and introiluced many varieties of 
glassware, elegant in shape and of extraordinary light- 
ness. For a long period Venice excelled all Europe 
for the beauty of it.s glass. Venetians revived the 
art of glass mosaic and window glass painting. They 
also produced many ingenious designs in ornamental 
and domestic articles by the use of canes or threads, 
in white opaque glass, arranged in various patterns, 
thus producing their Laticinio, Vitko-di-Trina, 
and PRP.TIOBLLI WARE in great variety, examples of 
which can be seen in the British Musenm. Avan- 
TUEiNB was also invented by the Venetians. This is 
a soda-lime glass containing copper in a state of 
reduction, which forms spangles of metallic copper 
throughout tlie mass ; its manufacture has for a long 
time been kept a secret, and it is still made at Venice* 
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. ra©; Art-sOf ylasamajringf wAs c^tfri^d^to the 
ooUntries jB.if^ope. flrst by the ' feomans ajid Tatej:' 
by"the,yejiefclahs. Jh the year 1567 Venetian glasses' 
^ere riiadc at Omtched Friars in Londoi, although 
at a jnut‘h earlier period glass of an inferior quality 
was evidently madgin England. 

Con^itvfTtts of Glim.-— ^iLicAj commercially 
known ^as sapd, is the essential constituent of all 
glass, and, together with certain metallic oxides, 

. forms by the application of intense heat an amor- 
phous transparent body, every true glass containing 
at least two metallic oxides. The oxides chiefly 
used are those of Lead, Potassium, Sodium, Calcium, 
Barium, Aluminium, and Magnesium. To pro- 
duce effects of colour the oxides of tlie following 
' metals are employed, but if used in excess they pro- 
duce opacity : — Black : oxides of manganese iind iron. 

: the oxides of arsenic, tin, and calcium ; 
calcium phosphate, fluorspar, and cryolite. YelUnc : 
oxides of cadmium and uranium. Blue : cobalt. 
Green: chromium. Different oxides of the same metals 
are in some oasc.s capable of producing different effects 
of colour. Iron in the ferric state gives a yellow 
' colour, but when present as ferrous oxide it gives a 
bottle-green colour. Manganese dioxide gives a violet 
colour, wlier<‘as the monoxide does not colour glass. 
Cupric oxide in .small quant ities gives a Peacock Blue^ 
wiiich i.s converted into Green if the quantity of oxide 
is increased ; but from cu})rous oxide a rich Ruby 
coloured glass is obtained : this colour is al>o obtained 
by using gold. Tluby glass ^irepared from these metals 
is colourless when taken from the crucible or pot in 
which it made. After being allowed to cool, the 
ruby colour appears uijon reheating. If at this stag<J 
the glass be exposed to a high temperature for too 
long, the ruby colour obtained from gold <lisappoars. 
and is replaced by a dull brown. By the action of 
silica at a high temperature it is found that the oxides, 
carbonates, and sulphates of the metals are decom- 
posed, evolving carbonic anhydride and sulphurous 
anhydride, and forming silicates of the ciillcrent 
metallic oxides, which vary in quality according to 
the different proportion.^ orn ployed. When two or 
more substances containing different meiallic oxides 
are fused togetlier with sand, tlie result will be a 
mixture of the silicates of the oxides present. Glass 
istlu*refore regarded as a mixture and not a eliemieal 
eomjmind, Flint or Lkad (Jlass is a mixture of 
the silicates of lead and potassium ; Bohemian, of 
those of potassium and calcium ; Blatio and Sheet 
Glass, of calcium and sodium ; Bottle Glass, of 
silicates of sodium, aluminium, and calcium ; Vene- 
tian, of sodium, potassium, and calcium. After the 
ingredients for making glass are thoroughly mixed and 
put into the pots within the furnace, decomposition 
of tlio raw materials tako.s place, with the expuLsion 
of t! le gases, and the silica and the metallic oxides 
combine ; the glass passes into the liquid state and 
remains in this condition so long jis tho full heat of 
the furnace is maintained, but if tin; heat be slightly 
reduo^ or the glass exposed to tho air, it passes into 
a state of ductility or viscosity. In the liquid state 
it can be ladled or poured direct from the crucible for 
pressed articles and rolled plate. In the viscous con- 
dition it can be gathered on tho heated end of an 
iron rod, which, if hollow, enables tho mass of glass 
so collected to be blown into any required shape. 
By gravitation it can be flattened or elongated, and, 
by using moiilds, made to take any required form. 
It is also capable of being drawn out into flue 
threads and tubes. 

The manatfacture of glaee may be divided into 


two hea^s : Hollow Ware and Flat Ware. Hollow 
Waeb comprises blown glass, bottle glass, blown 
glass tube, lampwork, and pressed glass. Flat Waeb 
comprises crown and?.«Bheet glassi mosaic glass 
for vnndows, plate and optical glass. The Blowing 
Ibon or hollow iron rod used in the manufacture 
of hollow ware is from 5 to 6 ft. in length and 
from } to 2 in. in diameter. The workman gathers 
upon the heated end of this suflicient glass for 
making tho required article, and by rolling it upon 
a polished plate of iron (called a Mabyeb) con- 
solidates and centres the molten ma.sB upon it. The 
glass is then expanded into a bulb by blowing down 
the tube: the first stage o£ manufacture of all 
glass of this description. By swinging, tho bulb 
is lengthened; and by the aid of a flat square of 
}iolished iron with a wooden handle (Battledobe) 
the end of the bulb can bo flattened. Should a stem 
and foot be required, lus in a wine glass, it is either 
formed out of tae end of the Inilb which is farthest 
from lljc iron, or by tho ad<lition of another portion 
of glass dropped uj^nn the bulb. If the stem is of a 
fancy shajn*, il i^ made separately and attached to 
the b\db. Tlu*. foot, if blojyn, is then made in tho 
form of a circular bulb and attached to the st(‘m, 
being afterwanls JurLiod and opened out. A foot 
can also be cast on. In tliis case sufficient glass is 
allowed to adhere to tJie end of the stem, and by 
using two pieces of wood hinged together the work- 
man compres‘'Cs the soft glass between the open 
boards and at the same time rapidly rotates the 
blowing iron uix)n tho arms of his <;hair, thus <;ausing 
the glass to assume the proper form. At this stage 
the body of the arlielo (the bulb) can be covered 
w'ith line threads of plain or c.olourcd glass, or 
decorated with ornamental pinchings. Ju the priini- 
tiv<i stage glass can be blown into any shape by the 
use of moulds, wiiich are ma<le of wood, carbon, or 
iron ; and rs surface can also be impressed with any 
pattern by the use of dip mould‘d. If Uie article* 
requires a handle and foot {e.y. a claret jug) the 
bull) or bo<ly is blown to dimensions and correct 
form and the. foot attaclu'd as previously oxiilained. 
Tlie workman then takes the WoiiKING IRON (a solid 
rorl), on which has been gathered a small portion of 
molten glass, and fixc^* it to the centre of the fool, ; 
l)y appl 5 ’’iiig a chilled iron at a point close to the 
blowing iron, and by giving it a sharp tap, the article 
is .severed from f.lje blowing iron and adheres to 
the working rod. After reheating wliat is now tlie 
opening or top of the* article, the surplus metal ia 
.sheare.d or cut off, aud tlic workman proccetls to* 
form the lip or spout. A portion of molten 
glass is next gathered to form the handle, which 
may be either solid or hollow. After being mar- 
vered and made to take the form of a circular rod, 
it is relmatcd and taken to the maker, who, while 
holding it in a vcrtic;al position, presses down the 
end of the molten rod of glass upon the body of the 
jug, so as to form a good connection or sticking ; 
ho then pulls aw^ay the iron, reduces the thickness of 
the handle, and cuts it off wdth t;hc shears to the 
projier length. The disconnecterl end is then turned up 
by means of a small pair of tools, and fastened to the 
tup portion of the article, thus foiming tlie handle. 
After reheating the jug, so that tho whole shall be 
of an even temperature, it is severed from tho work- 
ing rod and carried to the Lear, or annealing oven, 
placed near the source of heat, and gradually re- 
moved from it, thus allowing the glass to become 
annealed. The simplest and oldest arrangement for 
annealing is a tunnel 30 ft. in length, either heated 
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at one end by fires on both sides of the leax, or 
by waste heat from the mSlting fumaoe. The goods 
are placed in pans attached ^ each other by means 
of hooks, thns forming a continuous train, whfchas 
moved by means of a cliain and windlass. The claret 
jug now passes to the decorator, and if required can 
be either out, engraved, etched, enamelled and gilt, 
or carved. Cutting : After the design (whicli 
usually consists of lines arranged upon a geo- 
metrical basis) has been marked or drawn upon the 
article, it is first “roughed out.” Tliis is done by 
pressing the glass against the edge of an iron wheel 
revolving in a vertical plane, upon which is allowed 
to run sand and water from a hopper or container 
suitably adjusted, the sand cutting its way into the 
surface ; the rough incisions are smoothed by stone 
wheels supplied with a constant flow of water. 
Those latter range from 3 to 24 in. in diameter, and 
have cutting edges of different fonns, so as to pro- 
duce a Aarict}’^ of cuts. The pattern is then polished, 
to regain the transparent brilliancy of the glass, 
either by wooden (willow wood) wheels or by a 
rapidly revedving brush, using as a medium immice 
powder and rotteiistoneTand finally ])Utty powder. 
The last named is a siibslaiice obtained by fusing 
together lead, tin, and antimony. As the oxide 
fonus upon the top of the molten mass it is cone<tt.t*d, 
pounded, and sieved ; it is then ready for use, and is 
found to l)C tlie best nvedinm for polishing leadgla.^s; 
but for polishing lime glass, rouge (oxide of iron) is 
generally used. Enguaving is done by wheels of 
copper varying from 2 or 3 in.^to ^ in. in <iiameter. 
These are fastened to the end of a spindle attached 
to a small lathe, which is generally driven by a 
foot treadle. The engraving medium used is emei.; 
powder and oil; for ]K)lishing, rouge or pumice and 
oil are used, with lead, wood, or cork wheels. The 
engra^’er prorluces a more elalxjrate design than the 
.Cij|.itt('r, as the "work is held imdemcatli the wheel, 
while in cutting, the article is usiwlly held in a direct 
line between the w'orkrnan and bis wheel, he having 
to look through it in order to follow the pattern. 
This gives the advantage to the engraver, whose 
work, altliough rtot so deeply incised, is capable of 
greater refinement of form and contour than the 
cutter’s, which is generally stiff and formal. An 
engraved design can be either left rough from the 
wheel, partly rough and polished, or, (a.s in the case of 
designs which imitate rock crystal) after being more 
deeply engraved, the design can be polished all over. 
A stj'le of decoration which has been practised to 
some extent in recent years is produced by cutting 
with small stone wheels. Ifc is somewhat similar 
to the process of engraving, and is very effective. 
Etching consists in the erosion or eating away of 
the surface of glass by hydrofluoric acid. Patterns 
are produced by covering the whole surface of the 
glass with a thin coating of wax, or Resist, removing 
those parts intended to be etched, and plunging the 
article into a solution of the acid. In order to 
produce a geometrical design, the wax can be re- 
moved by the u^e of a lathe (similar in construction 
to that employed in turning a rose pattern on wood 
or metal). The pattern can also be etched clown or 
engraved on copper plate filled in witli resist, and 
transferred to the article; or a lithographer’s stone 
can be used as a means of producing a quantity of 
transfers of the same design. Sand Blasting is 
another method of producing an etched effect upon 
glass, the parts which are to remain smooth being 
protected by a stencil of paper or some other clinging 
material. Painting, Gilding, ai ^ Silvemng are 
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by beat. ' Pot paintjl^g,', eolduied 

enamels are used as colours; and an a tnalM^ qf ' 
gold orpla^um, or the powders of th^ 6ame%^le» ' 
reduced from solutions, are used "for gilding, and " 
(filvering. The enamels are specially prepared so as 
to fuse at a lower temperature than the to 

be decorated ; they are applied by means of -a brush* 
and fixed by heating in a muffle fumaoe. Cabvikg 
(Oambo Glass) ; This consists of two or more* 
casings of opaque white and coloured layers of glass 
one above the other. The design is painted on with 
resist, and the portions of the surface not required 
are etched away by hydrofluoric acid. The roughly 
formed design is then engraved, and finally carved . 
with small tempered steel tools by hand. Thegrouifeil 
or background of the design may be polished or left 
with a matted surface. Bottle GLASS: Owing/^^ 
the presence of ferric oxide in the cheap materials 
employed in the manufaciture of bottles, they are 
generally of a greenish tint, this being due to the 
ferric oxide, upon heating, bc^coming converted into 
the ferrous oxide; by adding small quantities of 
manganic oxide and oxide of f'ohalt to the materials 
used, an orange or a blue colour is obtained. The 
furnaces generally in use are of the continuous tank 
type, the raw materials being put in at one end and 
the molten glass withdrawn from the other. Bottles 
are blown in moulds made of brass or iron, which, 
whilst being used, must be maintained at nearly a 
red heat. A moul<l for a cylindritial vessel may be 
in one pipcc, but must widen slightly towards the 
bottom to f)ermit the glass to be removed from it. 
Bottles having names or markings uixm the surface 
must be blown in moulds which consist of two or 
three portions. The simplest form of such moulds 
is in two pf»Tts, hinged at the bottom. The gatherer, 
having collected sufficient glass on the blowing iron, 
passes it over to the blower, who, having slightly 
expanded the bulb by blowing down the iron,marvers 
it until it assumes a conical form. He then inserts 
the bulb of molten glass into the mould, which 
he closes with his foot ; V>y blowing down the iron 
he forces the bulb to take, botli externally and 
interfially^ the internal form of the mould. Be 
opens the mould, and rerames the Iwttle attached 
to the blowing iron. After having “ wetted it 
off” by applying a moistened tool to the neck, it 
is handed to the workman who fashions the lip by 
coiling a small piece of molten glass round the neck, 
and by the aid of a special tool, which lie inserts in 
the neck of the bottle, forms and finishes the lip. 
The bottle is then taken to the annealing kiln, which, 
when completely filled, is allowed to cool, PRESSED 
Glass ; The cheaper articles for domestic use are 
not made by hand, but by the use. of lever and 
screw pr(;sso.s and stoutly m^c moulds. The molten 
glass takes the form of the mould upon its outer 
surface, while the inner surface is formed by a 
metallic plunger. Tlie base, body or collar, and top 
of the mould, in which the plunger fits, aie all 
accurately fitted and hinged together. The mould is 
firmly fixed upon the table of the press immediately 
underneath the plunger, which is attached to the end 
of a screw. By the aid of a fixed crossbar working 
in vertical slides, movement is obtained by revolving 
a flywheel, which is rigidly connected to the screw. 
This causes the plunger to descend with considerable 
force, and at once presses the molten glass into the 
shape of the mould. Pressed glass always requires 
to be polished by reheating the outer surface, to take 
away the roughnes.s caused by the chilling action of 
the mould. Crown ajid Sheet Glass : The oldest 
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method of manufacturing glass for jglaeing puiposea 
in this country is that known as orown glass making. 
The workman having gathered sufficient glass from 
the pot, marvcrs it, or gives it a conical form by 
turning it in a block of wood or metal, hollowed out 
to the required shape — the apex of the cone forming 
the Bullion Point, The glass is now slightly ex- 
panded, reheated, and blown until it assumes the 
ahape of a huge decanter having a flat bottom and 
a very short neck. A Ponty, or working rod, is 
attached to the bullion point, and the form severed 
from the blowing iron. The workman standing in 
front of the furnace, with a veil before his face, 
reheats the form ; by rapidly revolving the iron the 
glass expands into a thin transparent circular plate. 
This fflate, now called a Table, usually about rA in. 
in diameter, is detached by shears from the ponty 
and lifted into the annealing kiln upon a fork. The 
cutting up of the circular table <.)f glass in rectangular 
fiheets causes much waste, and the bull’s eve in the 
centre condnes the sheets to rather small sizess as 
com pared with those made by the cylindrical method. 
Sheet Glass, in its preliminary stage, is made 
similarly to crown glass, being formed in hollow 
blocks of wood or metal ; hut it is expanded by the 
blower to the diameter ultimately required. The 
block, if of wood, is sprinkled with water to prevent 
it from burning, and to prevent .scratching of the 
glass. A hollow iron block, through which water i.s 
allowed to pass to keep it cool, is sometimes used, 
the surface of the block being covered with charcoal 
to prevent scratches. The blower, after having re- 
heated the bulb of molten glass, stands over a pit, 
or well, some 10 ft. doex), and swings the bulb rouml 
in a vertical piano, and also backwards and forwards, 
until the mass expands into a buge cylinder of the 
required length, the diameter being determined by 
the block, and remaining the same tliroiighout. The 
cylinder is opened at the end remote from the iron. 
Ain ones are opened by forcing in air through the 
pipe and stopping up the aperture. Upon reheating 
the end, the expansion of the air within the cylinder 
causes it to burst open. The opening is then widened 
out to the size of the cylinder by swinging to and 
fro, with the opening downw^ards. The thicker kinds 
are opened by attaching a lump of hot glass to the 
end; air is forced in and the cylinder burvst open, 
the opening being enlarged by cutting with scissors. 
The cylinder is then placed upon a w'ooden rest and 
detached from the blowing iron by wrapping round it 
a thread of hot glass. This is quickly removed, and 
upon a cold iron being placed against the part pre- 
viously covered by the hot thread, the end which was 
attached to the blowing iron breaks away. The 
cylinder is then, split longiiadinally along the inside 
by a diamond attached to a long handle guided by a 
wooden rule. It is now taken to the flattener, who, 
after warming it in his furnace, places it with the 
split uppermost upon the flattening .‘^tonc, upon 
which is placed a sheet of glass called a Lagbe. The 
beat of the furnace causes the cylinder to open out, 
and the flattener rubs down t/»e wavy sheet into a 
flat surface with a Polibsoib (a rod of iron with 
a block of wood at one end). The sheet is after- 
wards removed to a cool part of the furnace and 
allowed to anneal. Patent Plate is shetst glass 
s{)ecially selected, and ground and polished by 
machinery. The average sizes of sheets are 48 x .34 
to 36 in., but by the assistance of a mecbanical ar- 
rangement (called the iBON Man) sheets are made up 
to 8S X 42 in. Plate Glass is manufactured by pour- 
ing the molten glass from the pot (taken from the 


furnace) upon a smooth, flat iron table some 30 to 
40 ft. long IS to 20 ft. broad, and by passing a 
smooth parallel iron roller of cast iron, some 2 ft. in, 
diameter and weighing many tons, backwards and 
forwards over the surffioe of the molten mass, by 
men hauling upon tackle attached to the ends. The 
glass is rolled into rough plate, the thickness of 
which is determined by strips of iron placed upon 
the table, and upon w^hich the ends of the roller bear, 
the distance apart of these strix)s determining the 
width of the plate. The plate being “cast,” it is 
thrust from the table into the annealing oven, which 
is closed up and allowed to cool. The rough plates 
are used for lighting purpo.ses ; if required for 
mirrors, etc., they are ground and polished. To 
effect this the iflate is first bedded in plaster of 
Paris upon a revolving table, and cast iron rubbing 
plates are laid upon it, each having a central pivot or 
jun which works in the eyes of two fixed radial rods 
carried to cast iron standards erected outside the 
revolving table. Sand and water are allowed to flow 
upon the plate, and the surface is ground flat. The 
grinding process is compkdc(J.b 3 ’' the use of powdered 
emery. The plate is turned over and the process 
repeated. The plate is next smoothed by bedding it 
upon another table or machine, but in^^tcad of iron 
sheets of glass are used for rubbing, with 
finely powdered enun-y and water as a medium, 
beginning with the coarsest grain and finally finish- 
ing off by hand, using wood blocks with flour 
emcTT and watcT. Polishing is perfoi nied on another 
machine, thi* table h*.rvii;g an alternating sideway 
motion at a slow speed under a pair of artns moving 
at a high sx)eed and at right angles to that of the 
table. Upon the arms, at intervals of 12 in., weighted 
spindles aie placed, at the bo1U>m of which are discs 
of wood capy>ed with felt; these are jmt upon the 
surface of the plate which is bedded upon the table, 
PfcOuge and water are squirted upon the glass with 
syringes, and the snrfat'o polished. Bo(,h sides of 
the x'hite are treated in this way. These plates vary 
in thickness from f to j in,, and are cut up into 
required sizes with a diamond. liat^e glass used for 
rairrtjrs and windows can be decorated by etching, 
engraving, and light cut patterns. G. J. C. 

GlaBS, Natural ( Oeol.) Volcanic products, due to 
ilic rapid cooling of a fluid mass of rook from its 
initial high tempt^rature. Obsidian is a natural 
glass, having alMnit the same composition as that of 
granite. Many pitchstones bear the same relation to 
syenite, while the native glass knovvn as Tachylitb 
is the glassy representative of the gabbros, dolerites, 
and basalts. 

OlasB Paper or Cloth. SVieets of tough paper or 
a tliin fabric, the surface of which is covered with 
finely crushed glass (caused to adhere by glue). 
Used for smoothing surfaces of wood, etc, See aUo 
SANDPArBR. 

GlasB Papering MachineB (JoiTf^ry, etc*) Machines 
w'hich give lapid rotation to a disc or roller covered 
with glas.spaper ; this can be brought in contact 
with the surface of woodwork requiring to be glass 
papered. 

Glass, Soluble* Sea (Soluble Glass. 

Glassy Felspar {Mm,) A variety of Obthoclabb 
{q.v,) occurring in vitreous crystals in volcanic rocks. 

Glauberite {Min,) Calcium sodium sulphate, 
CaNaa(S 04 )o ; monosymmetric. Occurs in asso* 
elation with gypsum, rook salt, borax, etc. 
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Glaubeip Balt CMm.) A synonym for Miiubilti^£i 

(}.».) 

OllUtlwr’l Salt NajSO.lOfljO. Sodium 

sulphate crystallised below 34^ G., when it crystallises 
with ten molecules of water of crystallisation. See 
Sodium Compounds. 

Glauconite C^in.) A hydrous silicate of iron and 
potassium of somewhat variable composition. It 
occurs in small grains of a greyish or olive green 
colour in the Greensand and some other rocks. It is 
not known crystallised. 

Glaze (Pot.) Glaze is that which forms the gloss 
or smooth transparent surfaoci on pottery or porcelain. 

• It may be either colourless or coloured. Generally 
composed of an admixture of alkalis with silica, 
lime, and often oxide or carbonate of hiad. A glaze 
is paid to be “ hard ” if it rerpiires a great heat to 
melt it, and “soft” if it is melted at a low tem- 
peiature. See Hard Taste. 

Glazed (Build.) Filled in with glass. 

Glazed Boards. MiU boards that have been suV> 
jes ted to great pressure, l^rinted sheets are some- 
times i>laccd between glazed boards in a press to 
impart a more finished appearance. 

Glazed Brick (Build). A brick used for facing, 
having a glazed surXaeo. 

Glazed Frost (Mateorol.) When damp air at the 
beginning of a thaw cornea into contact with very 
cold ground, a thin ^hect of iec*is sometimes formed, 
llaiu or a warm wind coming suddenly alter a frost 
will sometimes produce tliia effect. 

Glazing (AW/., etc.) The clogging of the surface 
of a grindstone by the material removed from the 
metal wdiich is being ground. 

(Leather Manvfar.) A process by wliich a 

high glo^s is given to leatiicr. Tlie skin to be glazed 
is coated over with a solution of albumen, and glazed 
w’hen dry by a glazing iiiachino. Calf l>uot leather 
is glazed by brushing with a solution of wax anti soap, 
and polishing with brush or ckith, 

— (Plumh.) Going over a wiped joint with a hot 
iron, in order to produce a tiiiisJied surface. 

Glazing Colour (Bee.) A transparent colour used 
oxer a comparatively dull ground to increase its bril- 
liancy : thus, when a very bright green is required, 
a light green is glazed over with emerald green (q.v.), 
winch has very little body {q.v.) The madder lakes 
are often used to enrich the effect of red grounds. 

Globlgerlna Ooze^r Foramlniferal Ooze (Geol.) 
An accumulation of the calcareous shells of various 
kinds of foraminifera which gathers on the ocean 
door at considerable depths, and which prevails 
there over a largo area of the Earth’s surface. In 
past times deposits of essentially the same nature 
have given rise to considerable groups of strata, some 
of which form important geograpliical features. 

Globular Lightning (Mcteorol.) An electrical 
phenomenon whose nature is not understood : an 
appearance resembling a globe of fire, sometimes 
visible for a number of seconds, is produced. 

Globular Structure (Geol.) A general term 
which is applied indifferently to such cases as those 
where concretions have grown into ball-like masses ; 
to the spheroidal structures developed in some 
vitreous rocks ; and to the bomblike forms assumed 


by some basalt or andesite lavas in oases where 
they have flowed into water. 

Globulins (ChemJ) A class of proteid subsi^ces 
very similar to the albumins, but differing from them 
in being insoluble (or x^ery difficultly soluble) in 
water, soluble in dilute salt solutions from which 
they are precipitated On further dilution or removal 
of the salt by dialysis, insoluble in saturated solu- 
tions of sodium chloride and magnesium Bulphate, 
insoluble in half saturated ammonium sulphate solu- 
tions. They are precipitated from tlieir solutions by 
dilute acids. After being precipitated by acids or by 
i-emoval of salt by dialysis, they quickly become in- 
soluble. Some of them are acids, having an acid 
reaction to litmus. Examples of globulins are serum 
globulin, cell globulin, crystallin (in the crystalline 
lens of the eye). 

Glockenspiel (Music). See Musical Instbu- 
MENTs— P ercussion (Definite .Sound). 

Glory (Ar't). See Aureola. 

(Mcteorol.) See FO(i IMAGE. 

Glory Hole (Glass Manufac.) See FuBNACBS 
(Glass). 

Gloss (Bee.) Fine oil paint is an important indica- 
tion of the proper mixing and good quality of the 
ingredients. If good linseed oil is used, the paint 
will always show a good gloss. A little varnish is 
often added to paint to increase the gloss ; but if too 
much is used the paint is likely to “ curdle.” iSome 
painted work is finished entirely without gloss. See 
Flatting Matt. 

Glost Oven (Pot.) After the bisque ware has 
been dippc in the glaze it is fired in the Glost Oven 
to melt tlic glaze. See Bisque and Enamel Kiln. 

Glove Leather (Leather Manufe^.) Made from 
lamb and kid skins. The Icatlier is prepared by a 
tannage or tawing i^rocoss, the ingredients consisting 
of alum, salt, fiour, and egg yolk, mixed to a paste 
with water. The paste is got into the skins cither 
by Treading (France and Germany) or by Drum- 
ming in large revolving drum (England). See 
Drumming. 

Glover Tower {Chem. Eng.) A reaction tower 
placed between the pyrites-bumers and vitriol 
chamber in the manufacture of sulphuric acid. The 
hot sulphur dioxide from the burners passes up the 
tower and decomposes the nitrosulphnric acid from 
the Gat Lussac Tower (^a\), carrying the nitro 
compounds forward into the chambers. 

Glow (Met.) Sky glew accompanies the rising 
and setting of the sun, and is due to the diffraction 
and rcfiection of light by the minute particles in the 
1 air. Magnificent coloured glows usually accompany 
I large volcanic outbursts. 

Counter (Astron.) See Gbgenshein. 

Glucinum (Chem.) Beryllium (q.r.) 

Gluconic Acid (Chem.), CII,OH . (OHOH), . COOH. 
A syrujiy liquid which j’eadily passes into its lactone 
(see Lactones) ; a crystalline solid. It is dextro- 
rotatoiy ; its Icexo and inactive forms are known. It 
is obtained by heating dextromanndnic acid with 
quinoline ; also by oxidation of dextrose with 
bromine water. On reduction it yields dextrose. 
It is venr important in the synthesis of dextrose (g,v,) 
and leevulose. 

Glucosazone (Chem.) See Osazonbs. 
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Glacose ( Chtm ,') Another name for Dbxtbose 
(« r.r.) 

Gluoosldes (Chem.) Are ether derivatives of 
glueose. Many glucosides which occur naturally are 
very imjiortaiit substances ; they are resolved by 
enzymes C^.v.) and by dilute acids and alkalis into 
glucose, and the other substances united with it in 
the glucosides. For examples of glucosides see 
Amycidalin, J^alicxn. The simplest glucoside is 
methyl glucoside, which is prepared by the action 
of hydrochloric acid on glucose dissolved in methyl 
alcohol. It exists in two stereoisonicric (see 
Stebboisomebism) forms having the formula : 



H^OH 


CH,OH 

a'Meth}'’! Glucoside. 


CHjO.OH 

iiroir 

I 

HOCII 

I 

HC 

nooH 

I 

CTIjOH 

Ghi coside. 


The enzyme invertasc hydrolyses the a form, hut not 
the /3 form ; wliilc emulsin hydrolyses the fi form, 
but not the a form. The natural glucosides are 
hydrolysed by crnulsin just as /3-mcthyl glucoside is. 
As invertase can only sjdit 1 molecule of glucose 
from the amygdalin molecule, while emulsin can 
split off 2 molecules, it is concluded that 
amygdalin (rj.v,) contains the two glucose molecules 
in tue form of maltose 


Glucosone (Oiemn) See Osazones. 

01ue« An impure form of gelatine made from 
bones, skin, and animal refusc'gencjally. The colour 
and quality vary considerably, according to the 
material from which the glue is manufactured. 
Good glue is wholly In .soluble in cold water, but 
absorbs a quantity when immersed, sometimes as 
much as four times its weight. There are many 
processes of glue making, but they all consist of 
digesting the hones or hides, clarifying the gela- 
tinous liquor, and running into moulds. The jelly is 
then cut up into slice.s, which are placed on nets in a 
stove to dry. See Size. 

Glue Pot. Glue is usually melted in a vessel sur- 
rounded by an outer vo.ssel which f<^)rms a water 
bath. This subjects the contents to a stcjady tem- 
perature not cxcee<Hng 212" F. ; and the hot water 
in the outer vessel serves to retain the beat when 
the pot is removed from the stove for use. 

Gluinj (Carjf., etc,) Gluing consists essentiaily 
In filling the interstices between two surfaces of 
wood (or other material) with a t?iin layer of glue. 
All superfluous glue sliould be expelled by squeezing 
(or by rubbing the surfacses together when possible!. 

Glume (Botany). The two scale.? at the base of 
the spikelet in the inflorescence of a grass. 

Glutaminic Acid (Chem.)^ a-Aminogluiaric acid, 
OOOH.CH 2 CH,CIINIl 2 COOH., is a decomposition 
product of albumin on boiling with hydrochloric 
acid: it is also widespread in the vegetable king- 
dom. Forms shining octahedra; soluble in hot 
^ water. It is dextrorotatory. 

Olutario Acid (Chem.), COOH. 

OOOH. Forms shining prisms very soluble in water ; 


melts at 97". It forms a cliaracteristic zino salt. It 
occurs in wool fat and in turnip juice. It may be 
obtained from sodium malonic ester (see Malokio 
Acid) by action of methylene iodide : 

^CH(COOCj^*)s 

2 CHNaCCOOC^H^), + CH.X, « CH, + 2NaI 

\CH(COOC:fH5)g 

On saponifying this ester and heating the product, 
it yields glutaric acid. The acid is also produced by 
treating dibydroresoroin wdth sodium hypobromite — 
an example of change from a benzene ring compound 
to a fatty oomiX)und. On slow distillation it yields an 

/CH,.GO 

anhydride which yields an Tmide, (hlg ^NH, 

^CHe.CK) 

wdth ammonia : this amide is produced by oxidation of 
PiPEKiDiNE with hydrogen peroxide. Dimethyt,- 
GLUTABIC Acid. COOH . CHaClU . . COOH, is 

an oxidation pr(3duct of camphor. 

Gluten (Chew.) Ilie substance obtained when 
flour is made into dough and <the latter washed free 
from starch by water. It is not pre.'»ont in flour, but 
i.s generated from the flour protcids by the alwc 
treatment. WJien moist, it is a yellowish grey sticky 
mass ; on account of its tenacity it retains the 
carlwnic aijid in dough wdion >east is added or 
carbon dioxide is passed into it, thus making bread 
light. Gluten is not a single substance; next to 
nothing is known of its chemistry. See Buead. 

Glutin (CJicm.) Another name for Gelatine 

(<?.?.) 

Olyceric Acid (Chnn.), CHjOn.CHOII.COOH. 

A syrupy liquid soluble in water and alcohol. It 
contains an asymmetric carbon atom (q.r.) (the 
middle one) ; and the inactive acid can be resoJvi'd 
into its two components — Pcmcilllum glauc\tw de- 
stroying the amiiioniiim salt of the dextrorotatory 
variety and leaving the lievorotatory salt, while tlio 
Bacill¥S etJtacvUcns destroys the hevorotatory acid 
only. Tlie inactive acid is obtained from glycerine 
by oxidation with dilute nitric acid. 

Glycerine (Chem.),^ CH/>jT .OHO n.CH.,OH. A 
coIoarle.s.s, odourle.ss, visco.jis liquid wdth .swecit taste. 
Boils at 29U" C. ; it is about a quarter as heavy again 
as water ; burns with pale blue flame ; is very h 3 'gro- 
scopi(j, readily absorbing moisture from tlie air. It 
mixes with water and alcohol in every proportion, 
but it is insoluble in ether, benzene, chloroform, 
carbon disulphide. It is a very powerful solvent, 
dissidving many salts just as water does ; it also 
dissolves many metallic oxides, e.g. lead <»xide. It is 
a constant product of the alcoholic fermentation of 
sugur. In nature it occurs combined with the “fatty 
acids ” in fats (q.v.) It is prepared on an enormous 
scale as a b 3 "-i>roduct in the preparation of fatty 
acids for candle making, and in the manufacture of 
soaps. In the first ca.se the fat is resolved into fatty 
acid and glycerine by tri^atment wdth superlieated 
steam in presence of a little lime ; in the second 
ca.se by boiling with caustic soda or potash, and the 
glycerine is purified by processes too complex to be 
given here. The following are important reactions 
of glycerine: (1) Heated with sulphuric acid or 
potas.siiim hydrogen sulphate it gives acrolein ( q . v .) ; 
(2) with amorphous phosphorus and iodine it gives 
allyl iodide, isopropyl iodide, and propylene; (3> 
oxidised by dilute nitric acid it gives glyceric acid 
(q.v.) ; (4) with bromine water it gives Glycbbose, a 
mixture of the aldehyde CHgOHCHOHCHO and 
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Ketone CH,OHCOCHjOH («£» Sugabs); (6) with 
alkaline permanganate it gives oxalic acid ; (6) with 
mixture of nitric and sulphuric acids it gives Nitbo- 
C^LYOEBINB ( j'.u.) ; (7) it dissolves boric acid on 
heating, forming the preservative Boboglyoebibe. 
It is used in medicine and as a lubricant for watches. 
See Quinoline. When the hydroxyl groups in 
glycerine are replaced by chlorine, compounds called 
Chlobhydrins are produced ; when a terminal OH 
group is replaced, a-MoNOCHLOBHYDEiN results ; 
when the middle OH group is replaced, /3 -Mono- 
CHLOBHYDBIN results ; when two terminal Oil 
groups are replaced, a-DiCHLOUnYDRiN results ; 
when two adjacent groups are replaced, /3 -Dichlob- 
HYDBIN results. They are all liquids, and are pro- 
duced in the order given above by the action of hydro- 
chloric acid on glycerine, by the action of hypochlorous 
acid on allyl alcohol, by thes action of hydrochloric 
acid on glycerine, and by the action of chlorine on 
allyl alcohol. 

Glycerol (ChemJ) Another name for Glycerine 

Of.V.) 

Glycin (Photo,) Tara oxyphenylglycin, 
CgH,OHKHGlI._,COOlT. A developer somewhat re- 
sembling ferrous ox;date in being sJf)W in its action. 
It dt'volops images porfect.ly free from fog, even 
witlumt the use of bromide. Tt is t'xtremely valuable 
in developing a nimibiir of plates together by what 
is known as stand development (q.v.) 

Glycine (Chew,) Another name for Glycocoll 
(ST”) 

Glycochollc Acid A colour- 

less (Tystalline solid; melts at 1512'-’ to 184'’; very 
sparingly soluble in water (les.s than 1 in l,OtK>); 
dextrorotatory. It o(;curs in the form of its sodium 
salt ill tlie bile of all animals. Boiled with acids or 
alkalis, it fields glycocoll (^.v.) aud cholalic acid — a 
substance of unkmnvn constitution. Glycocholic 
acid is monobasic, and its alkali salts are easily 
soluble in water and in alcohol. 

Glycocoll (Ckcm.), CU,NTI.,COOH {amido- or 
mamoarci ir aoUt). A crystalline solid with sweet 
taste ; melts with decomposition at 282° C. ; soluble 
in water, insoluble in alcohol. It is a decomposition 
product of albumin, and especially of gelatine ig.r.) 
•It occurs combined with salicylic acid in urine as 
salicyluric acid when salie.ylic acid has been taken ; 
and combined with benzoic acid as hippuric acid 
(q.v.) normally in the urine of herbivora; it also 
occurs combined with clu)lic acid as glycocholic 
acid in bile. It is best prcpcired by boiling hippuric 
acid with hydrocliloric acid ; it may also bo obtained 
synthetically by acting upon monochloracctic acid 
with ammonia ; also by the action, of hydriodic acid 
upon cyanogen. As it contains a basic group (NHg) 
and an acid group (OOOIl), it forms two series of 
salts. Heatecl with baryta it yields methylamine. 
With ferric chloride it gives a red colour. Sarcosine 
and betfune are its mono- and trimethyl derivatives 
respectively (eee these). See also Diazo Compounds. 

Glycogen (Chem,% Anim,-!! starch. 

A white powder which forms an opalescent solution 
in water. It oc<;urs in the liver of animals. It is 
dextrorotatorj' ; gives a red colour with iodine. 
Adds convert it into glucose, and ferments convert 
it into maltose. 

CRfiR 

Glyoollle Acid | , A white crystal- 

COOH 

line solid ; melts at 80° ; very soluble in water. It 


occurs in the juice of tmripe ^pes and m turnip 
juice. It is pre^red by boiling monooliloiacetic 
acid with water ; it is also produced by oxidation of 
alcohol or of glycol by nitric acid, and by the action 
of nitrous acid upon glycocoll; it is also formed 
when oxalic acid is reduced by sodium ama^anu 
On heating it forms anhydrides. Nitric acid oxidises 
it to oxalic acid. It behaves like an alcohol and an 
acid. 


Glycols (Che^n.) Are dihydric alcohols of the 
jiaraffins. When the (OH) groups are adjacent we 
have the a-glycols, when separated by one carbon 
atom the ^-glycols, and so on ; c.y. 

CTLOH CH, CHr,OH 

I I I 

CH,iOH CHOH CH, 


Ethylene Glycol 
(the simplebt 
pofteiblc glycol). 


Cm,OH CHgOH 

a- Propylene ^-Propylene Glyool 

Glycol. (Trimethylene 

Glycol). 


Ethylene glycol, commonly called Glycol, may be 
regarded as a type of these compounds. It is a thick 
sweet liquid; boils at 197° It is obtained by boiling 
etliylene dibroinide with potassium carbonate and 
water. With hydrochloric acid at 160° it forms 


CH,C1 

ethylene chlorhvdrin, | ; with concentrated 

OH.pH 

sulphuric acid it forms the sulphate ; with a mixture 
of sulphuric and nitric acids it forms the dinitratc. 
Nitric acid oxidises it to 


Cll.,t)H CHO OHO COOH 

1 ■ 1 I 1 

COOK cno COOH COOH 

Glycullic Acid. Giyoxul. Glyoxylic Add. Oxalic Acid. 
Phosphorus pentaohloride gives ethylene chlorhydrin. 

Cn,OH 

Sodium gives first monosodium glycol, | ; then 

CH„ONa 

CH^ONa 

disodium glycol, | 

CIT,ONa 

CHO 


Glyoxal (Chem.), 


A colourless amorphous 


CHO 

solid which contains water: very soluble in water, 
alcohol, ether. It is obtained by the action of nitrio 
acid on glycol, glycollic acid, alcohol, or aldehyde : 
it is best prepared from the last of these. It gives 
the usual reactions of an aldehyde with sodium 
hydrogen sulphite, with hydrocyanic acid (see 
Tabtario Acids), with hydroxylainine, and with 
phenylhydrazine ; also with ammonlacal silver. But 
with ammonia it yields as principal product a hetero# 
cyclic ring compound called Glyoxaline, 

(N) 

(/3)CH.NHy 

I \CH (/i) (the letters are used iu 

(a)CH . n/ 

naming substituted glyoxalines), a white solid 
melting at 90° aud acting as a strong base ; it has 
many derivatives. When glyoxal is treated with an 
alkali, one half of the molecule is oxidised and the 
other half reduced, and glycoUic acid results : 

CHO CH^OH 

I- + I 

nr 


CHO 


COOH 


Glyphs {Architect,) Vertical channels used in the 
Doric frieze. See 'I’RlGLYPH and DiGLYPH. 
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OlyptioB (Art), The art of engraving or carving, 
especiaUy engraving on precious i stones. This art 
was extensivdy practised oy the Egyptians and the 
Greeks. 

Olyptograph (Art). An engraving on a precious 
stone. 

Glyptotheca. A gallery in which works of 8(^lp- 
ture are placed. 

Gnat (Zool.) An insect belonging to the order 
IHptera (two- winged flies), which also includes the 
housefly, gadfly, and midge. 

GneisB (Geol.') Strictly speaking, this term is 
applied only to any banded aggregate consisting 
essentially of crystalline felspar, together with folia, 
leaf like bands of one or more of other rock forming 
minerals. In a few cases gneiss has cWdently arisen 
through the deformation and subsequent re(‘un- 
atruction of an eruptive rock. In most otlier cases it 
appears to be due to the action of alkaline water at 
high temperature and pressure operating upon old 
sSiments. Its minerals in some cases resemble 
those of granite; but there are syenite gneisses, 
diorite gneisses, gabbro gneisses, and other kinds. 

Gnomon (Afitrm,) (1) A vertical rod used by the 
Greeks to obseiTe the motion of the sun by watching 
the shadow. (2) The rod or plate whose shadow 
indicates the time on a Sun Dial (q.r,) 

Gobelins* The State factory of tapestry, csta- 
bUsljcd in Paris. The factory was founded by the 
family of this name in the fifteenth century, and 
became a rcjyal establishment under Louis XI V. It 
has always been famous for the excellence of the 
work and the beauty of the colours employed. 

Gobony ( JTer,) Sre Compony. 

Godroon, Gadpoon (Art ). , A system of ornament 
formed of conve^x curves or ares joined at their 
extremities: used chiefly in the ornamentation of 
plate and vases, but also in architecture, costume, 
etc. 

Goin^ (JoiTiery). The horizontal distance between 
two risers (q.v.) in a staircase. 

Going Barrel ( Watches, Cl^ocks). A barrel with 
the main wheel teeth cut upon it, driving the train 
direct, no fusee being used. The energy reaching 
the escapement is variable, being greatest when the I 
spring is fully wound ; but this has little eflcc.t on the 
rate of a timepiece governed by a balance and spring, 
and simplifies the meclianism, especially in a keyless 
watch. See Tbain, Fusee. 

Going Part (Textile Manufac.) See Batten. 

Gold ( Au. Atomic weight, 197. A yellow 

metal ; specific gravity, 19*3 ; melts at 1,037® C. When 
ture it is absolutely unchanged in air. It is dissolved 
y concentrated sclenic acid, forming auric selenite; 
also by aqua regia and by solutions of chlorine (the 
aqua regia acts upon it by virtue of tlie chlorine 
liberated by it), forming auric chloride, AuClg ; also 
by dilute potassium cyanide solution in i3resen<*.e of 
air. The pure metal is extremely malleable: the 
thickness of gold leaf is about an inch. 

When viewed by transmitted light, gold leaf is seen 
to be green. When the gold leaf is made still thinner 
by treatment with dilute potassium cyanide solution, 
which dissolves gold, it transmits successively blue, 
violet, and red light. Gold Lbap is made by rolling 
gold, then beating it out in calfskin, and finally in 
goldbeaters’ skin (a membrane prepared from the 
outer sheath of the intestines of the ox). Gold is 


also very ductile : the gold in four sovereigns can be 
drawn into a wire equal in length to eartli’s 
circumference. Gold always occurs free, but not 
pure; it is usually alloyed with copper, silver, tel- 
lurium, etc. Many methods are in use for extracting 
gold from the earthy and metallic impurities 
a.wciated with it in nature: (1) Alluvial deposits are 
washed by a powerful stream of water into a sloping 
channel, the bottom of which contains crevices into 
which mercury is poured. The gold, being far heavier 
than the eartliy matter washed into the channel with 
it, rapidly sinks and amalgamates with the mercury. 
(2) When the gold occurs in rock, this is broken up, 
then ground to powder with water. In the stamps, 
or grinding machine, amalgamated copper plates are 
placed to take up some of the gold, while the rest of the 
jmlp is run over sloping amalgamated copper sheets, 
which take up more gt-hl. The stream of powdered 
ore and water i.s run into settling tanks, when the 
gold which has escaped amalgamation settles, and is 
recovered by one of the following chemical processes: 
The gold amalgam from process (1), or the amalgam 
scraped from tho copj^er in«)>roccss (2), is distilled 
to free it from mercury. (3) If the gold is finely 
divided the material may be placed in closed vessels, 
and, after moistening, acted on by chlorine gas, which 
fonns tlie very soluble chloride of gold. If the ore 
contain pyrite.s it must first be roasted to drive off 
sulphur; also the chloiinc must not contain hydro- 
chloric acid. The gold chloride is washed out of the 
ore by water, and the gold precipitated by ferrous 
sulphate solution. The black powder is melted and 
cast into ingots. (4) Finely divided gold is dissolved 
by a dilute solution of potassium cyanide in presence 
of air, forming a soluble double cyani«le of gold and 
potassium, 2Au +• 4KCN + U 3 O -t- (> = 2K . Au(CX )3 + 
2K03T. The solution obtained by this process is 
deprived of its gold either by ]>recipitation with zinc 
or by (dectrolysis. In tlie former case the gold is 
rubbed off from the zinc and melted and cast into 
ingots. A modification of process (3) consists in using 
chlorijje gas and bromine vapour under pressurf*.; and 
a inodification of process (4) in using cyanogen bro- 
mide as well as potassium cyanide. When it is desired 
to i?xtract a small quantity of gold from gold-con- 
taining silver (e.g. in assaying), i.hc process known 
as Pauting by Sulphuric Acid is employed 
Tim metal is granulated (i.e. molted and poured into 
cold wat(T), and lIicu boiled in leaden vessels with 
strong sulpliurio acid, which converts the silver into 
silver snlpl:dle and leaves the gold unchanged. 
During the x>rocess the sul})hur dioxide which 
escapes is reconverted into sulphuric acid. The 
silver sulpliale is dissolved in boiling water, the 
solution removed, leaving the gold behind as a black 
powder, which is c(»lleotod when a sufficient quantity 
has been obtained, and melted. The silver is re- 
covered by precipitation with copper. When gold is 
required quite pure, it is melted, and a current of 
chlorine gas is led into it, when copper, silver, 
arsenic, etc., are converted into chloridcB, all of 
which volatilise except the silver chloride, and this 
forms a scum on tho top of the melted gold, and is 
easily removed when the wliole has solidified. The 
ToucuaTONE is commonly employed in testing the 
purity of gold ; it is a piece of black basalt or slate, 
on which the article to be tested is rubbed, and the 
streak is treated with fairly strong nitric acid con- 
taining a little hydrochloric acid. The effect pro- 
duced on the streak is compared with the effect 
produced on streaks made by Touch Needles con- 
taining a known proportion of gold. In this way 
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the proportion of gold can be estimated with fair 
accuracy ; but if the article be coated with pure gold, 
a part of the surface must be ground off on the 
touchstone. Kie proportion of gold in an alloy is 
expressed in carats. Pure gold is 24 carat gold; 
the gold coinage is 22 carat (i.e, it contains twenty- 
two parts gold and two parts of copper in twenty-four 
parts).^ This coinage aUoy is much harder than pure 
gold ; it has a specific gravity of 17*2, and melts at 
§46®. Aluminium forms remarkable alloys with gold. 
An alloy containing 10 per cent, of aluminium is 
white, and melts about 020^; an alloy containing 
22 per cent, of aluminium has a fine purple colour, 
and raclts above the melting point of gold. 

Gold ( Min.) This element occurs native in crystals 
of the cubic system (usually in complex aggregations), 
but more often in a granular condition, in alluvial 
deposits, and disseminated in quartzosc metamorphic 
rocks, where it is in sntu. It is frequently associated 
with precious stones, as zircun, ruby, garnet, topaz, 
etc., and with certain metallic minerals, as tellurium 
ores, and platinum, and magnetic and titanici iron. 
Silver to the extent of nearly 30 pt;r cent, may be 
alloyed with it, as may also copper, iron, palladium 
and rhodium, the latter to the extent of 40 per cent, 
in rhodium gold. It is of a characteristic colour, 
but its chief distinguishing feature is its ductility 
and malleability. It has been found s])aring]y at 
several places in the llritisli Isles ; it is also obtained 
from many places in Europe, as Konisberg, Schomnitz, 
Kapnite, Offenhanya, Piedmont, etc. ; from the Urals, 
China, Thibet, India, the West Coast of Africa; 
largely in South Africa, Australia, India, California, 
Klondike, New Zealand, and Tasmania. 

Gold Amalgam {Min.) A native amalgam of gold, 
silver, and mercury containing about 40 per cent, of 
gold. It has a whiti.sh colour, and occurs in grains 
or in small crystals. Tt luis boim found in California, 
Central America, Australia, and Siberia. 

Gold and Black Marble {Ih o.) This marble is 
imitated in vai ious ways, ilie simplest being to jiahit 
a solid ground in bone or ivory black, and to put in 
the golden yellow veins with a mixture of while, 
ochre, and Indian red, or raw and burnt sienna. Ihe 
black spaces between the veins are then glazed with 
a transparent grey tint, and finally very thin white 
veins are put in. The marble is not difficult to 
imitate if a careful study is made of the veining, 
Bometimes leaf gold or bronze powder is uscfl on the 
veins, but the practice is not one to be recommended. 
See Marbling. 

Gold Compounds ( ( Itp . m .) Aubous Oxibk, Aup, is 
agreen powtler obtained by the action of caustic potash 
on aurous chloride. Aurio Oxide, Aa.X)g, forms a 
brown powder when dry, decomposed by light, also 
on heating. It dissolves in alkalis, forming Aurates, 
€. g , KAuOj. It may be oVitaincd by adding an 
alkali in excess to auric ohlorifle, and reflu<;ing with 
Bulpliurous acid. With ammonia it gives fulminating 
gold (//.’’,) Aurous Uitlohide, AuCl, is a pale yellow 
powder insoluble in water, obtained by heating the 
trichloride at its molting point. Boiled with water 
it yields gold and the trichloride. It is easily decom- 
pcKsed into its elements on heating. AuRiu Chloride, 
AuCIj, (Chloride of Gold), when volatilised, forms 
“large thin red crystals, very like rubies, and 
glorious to behold, which would run in the air, 
jwr Aeliqytwtm ” (Boyle) ; melts at 288® and decom- 
poses in air into the aurous chloride. “ The decom- 
position ... in air might be expected to become 


perceptible at 70®, requiring, however, about twenty- 
five years for its nearly complete ohanse into the 
monoohloride *’ (Boss). It is very soluble In watetji 
alcohol, and ether. Water oontainlng oiipaiiio matter 
reduces it. It may bo prepared by di8solving[ gold . 
in aqua regia; evaporating the solution, which is 
chloro-aurio acid, HAuCl,, and very gently heatii^ to 
expel the hydrochloric acid. Its solution mixed with 
sodium thiosulphate forms sodiumaurous tbiosolphate, 
Na 2 Au(S,Og)st— -a solution used in photography. Gold 
chloride also unites with the hydrochlorides of many 
organic bases, forming characteristic double salts. 
See also Purple of Cassius. 

Gold Cushion {Bindinai). A flat board on which 
a couple of thicknesses of ^nnel are laid, the whole 
being covered with a piece of calfskin, the rough 
side up. it is used to cut the gold leaf upon. 

Golden Number {Afftron^ The number of a 
year in the Metonic Cycle. See Metonic Cycle. 

Gold Leaf {Dec.) Is sold in a variety of qualities 
and imloiirs, and, for the puiposes of the ^der, is 
usually put up in “ book.s,” i.e. interleaved with paper 
sewn at one side, measuring 3^ in. square, and con- 
taining twenty-five leaves of gold. In calculating the 
quantity of gold leaf required, it is usual to take the 
area as a s(|uare of 3 in., so as to allow for waste. 
Leaf gold^is applied to a surface of gold size, when 
nearly drj’, by means of a “tip” {g.v.), and adheres 
oloseiy to the surface. An American system of 
gilding by means of long ribbons or strips of gold 
rolled round a small cylinder, and applied by means 
of a simple appliance, is growing rapidly in favour 
among railway carriage builders, decorators, an^ 
yac/lit builders. 

Gold Leaf Electroscope {Eloet.) Consists usually 
of two rectangular pieces of gold leaf attached to 
the end of a conducting rod, insulated by ebonite, 
glas.'j, or, better, suliffiur or paraffin wax, and screened 
from air currents by a glass case or shade. A charge 
of electricity given t() the rod (either by contact or 
induction) causes the leaves to diverge. 

Gold Paints {Dec.) Originally these w'cre gold leaf 
ground up witJi some medium. They are now really 
bronze powders suspended in a varnish or other 
quick drj'ing medium. The bronzes are alloys of 
copper and tin, and, owing to climatic conditions, 
they have to be made abroad. The brightness of the 
Xxiint depends on the skill in making the bronze and 
the use of a medium which has no solvent action on 
the bronze alloy. 

Goldschmidt’s Process {Chem.) Goldschmidt, 
requiring some aluminium sulphide, found he could 
easily prepare this compound by igniting a mixture 
of galena (l*bS) and aluminium powder. A violent 
reaction occurred, and he obtained load and aluminium 
sulphide. Bimilarly from ferrous sulphide^ aiBl 
aluminium powder he could easily obtain aluminium 
sulphide and metallic iron. He then examined the 
action of powdered aluminium on various metallic 
oxides, and found that on account of the enormous 
heat of formation of aluminium oxide, tlie aluminium 
could reduce all oxides except, that of magnesium. 
To rediKJC an oxide, the latter, in the form of'powder, 
is mixed with powdered aluminium in slight excess, 
and the mixture placed in a crucible. When th© 
reduction is easy, the reaction ca.n be started by a 
piece of magne>ium ribbon, which is stuck into the 
mixture and ignited; when the redaction is more 
difficult, as ill the case of (diromium oxide, a cartridge 
of barium dioxide and aluminium powder is made, 
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and magnesium ribbon is inserted in this. It is 
estimated that the temperature attained in* these 
reductions is about 3000^ The reduced metals form 
fused masses at the bottom of the crucible. In the 
case of chromium the slag contains minute rubies 
(AljOg) coloured by chromium. Besides finding 
extensive use in the reduction of metals, the process 
has been applied to soldering iron pipes where a 
very high temperature is required. 

Oold Size (2>ec.) See Japanner’s Gold Size, 
Water Gold Sjze, a^id Matt Gold Size. 

Gombpon Ware (Pot.) A Porso-Chinese ware of 
a semi-porcelain chara(;ter, creamy white in colour. 
It was so called because imported from (xombroon 
(Bender- Abbasi) in Persia, in the seventeenth century. 
An imitation of this ware was made in Chelsea. 

Gonfalon. A banner suspended from a cross bar 
attached to a.pole. The banner generally terminates 
in several pointed streamers. 

Gonfannon (ArrJurol.) A pennon or small flag 
attached to a Imight's lance immediately below the 
head. 

^ong(ClockSf Watches), A steel wire coiled into 
a flat spiral form, used in clocks and repeating 
watches in place of a bell. 

Goniometer (Min.) An instrument for mea- 
suring angles. There are two patterns, Contact 
and Reflecting goniometers. In the contact 
goniometer two hinged metal bars are adjusted in 
contact with the faces whose angle of inclination is 
to be measured, and the angle read off on a divided 
circle attached. The angle is usually read as the 
angle between the normals of the faces, i.e, 1K0° less 
the dihedral angle between the faces. In the re- 
flecting goniometer tlje edge between the two faces 
is adju.sted to lie in the axis of rotation of the 
divided circle; the crystal is then rotated till one 
face ^ reflects light from a distant signal through a 
reading telescope; the axle bearing the crystal is now 
clamped to the divided circle as it stands at zero, 
and the now fixed pair of wheels rotated till the 
signal is seen in the second face, when the angle 
between the faces is read off on the divided circle, 
again as the angle between the normals. The reflect- 
ing goniometer was introduced by Wollaston, and 
often bears his name. 

Gooch’s Link Motion (^y.) Sec Link Motion. 

Good Colour (Print.) A term used to imply that 
the result of the impression is good, the ink having 
been evenly and satisfactorily applied to the sheet. 

Goods (Chem, E^ig.) A general term applied to 
the raw oils, fats, and greases used in soapmaking; 
fpmetimes called “stock,” though the latter may be 
bleached or partially saponified material. 

Gordon’s Formula (Eng,) An empirical formula 
due originally to Navier, by which the load which 
may be applied to a strut or column may be calcu- 
lated. Let W be the load, A the area of cro.ss section, 
/ the length, h the thickness of the column, f the 
Proof Stress (j'.u,), a a numerical constant, such that 
the Moment of Inertia, I of the cross section 
is equal to and e a second numerical constant, 
osnlly determined by experiment ; then 

W-A f 



It the column be short, so that the ratio j is small, 

this becomes W « A/ If the column be long, 
the formula reduces to 

w = ^ A/ 


Gorged (Per.) Having a collar round the nock. 
Many heraldic beasts are “gorged,** also the sup- 
porters of the shield. 

Gorget (Art/mir), A piece of armour worn in the 
fifteenth and sixteenth centuries, and forming a 
junction between the helmet and the cuirass. See 
Armour. 

Gorgoneion A representation of the 

Gorgon's head, one of the three mythical personages 
whose hair consisted of snakes and whose look turned 
the beboldcr into stone. 

Goslarite (Min.) A hydrous sulphate of zinc, 
ZnSO^ . 711, A Oxide of zin(^^= 2s*2, sulphuric aeid =* 
27*9, wat;cr = 4lk9 per cent. Ttliombic ; also massive 
and incrusting. White, Soluble in water. It occurs 
as a rarity in Cornwall and Anglcsea, but chiefly in 
the Harz. Also from Sweden, Austria, and Hungary, 

Gothic ( Tgpng.) A bold faced antique typo similar 
in appearance to black letter, used in jobbing work. 

Gothic Architecture. The name applied, originally 
as a term of r(‘[»roji(:h, to ih.e architecture of We.stern 
Eurofie from about 1150 a.d. to 1500 A.D. The 
principles of concentration of strain and of bjilancing 
thrusts by countertlirusts which underlie Gothic 
architecture led to the use of the pointed arch and 
the ribbed vault, two (;haractoristic features <'f the 
style. See (Ujeviline-ar, 1>ecorated, Early 
English, and rBiiPENDicuLAR. 

Gothite (Mm,) Hydrated ferric ox^de, Fe^Oj . 11.^0. 
Ferric oxide = S5, water about 11 per cent., with 
U'^ually some silica and manganese. Rhombic ; often 
in flattened prisms ; more ci ten fibrous. Colours, 
yellow-brown to a deep blue-black. Streak (q.v.)y a 
yellow brown. Often in minute crj'stals associated 
with quartz. From Cornwall, Cumberland, Prussia, 
United States, etc. 

Go Through Machine (Letce Mannfac,) A twist 
lace machine in which the principle actuating the 
carriages is such that they go through without any 
pause. Invented by Alcock of Worcester in 1835 
and called the Camel Motion. 

Gouache (Paint,) A method of watercolour 
painting with opaque colours mixed with water, 
gum, and honey. A great deal of the illustrations 
in mediJBval missals wore executed in Gouache. In 
painting on paper the whole of the surface is covered, 
as in oil painting, the lights being laid in afterwards. 

Gouge (Carp.y etc.) A cutting tool similar in 
principle to a cdiisel, but having a blade whose cross 
section is a circular arc. Paring and Boribing 
Goughs have the bevel on the concave side ; Turning 
and Firmer Gouges have the bevel on the outer or 
convex side ; the latter is the more common form. 

(Bind.) A brass gilding tool with a curved 

end, often semicircular. Gouges are made in sots, 
are of different diameters, and are extremely useful 
in working out designs on book sides. 



GOU 


265 


GBA 


Gouge (Forge). A hollowed tool used in smiths* 
work; usually held by a handle and struck by a 
sledge hammer. 

Gouge Bit (^Carp,) A boring tool or bit in the 
shape of a gouge, without any central point or 
cutting lip. 

Gouge Slip (Carp., etc.) A thin piece of oilstone, 
etc., with a rounded edge; used in setting and 
sharpening gouges. 

Gottttes (Her.) See Guttee. 

GoYerning Motion ( Cotton Manvfac.) An attach- 
ment to the mule for regulating the tension of the 
threads as they arc wound on during the formation 
of the copbottoms. Sometimes termed the Strapping 
Motion. 

Governor (Oasfitting). An apparatus for regu- 
lating the pressure of gas. See Gas Kkgulatoe. 

GovernoPS (^Fng.) A governor is an automatic 
mechanical device for controlling the speed of a 
steam engine, gas engine', or otlicr i3riine mover ; it 
serves, to some extent, the same purpose as the 
pendulum of a clock. Tn tlie original form, due to 
Watt, it consisted essentially of a .spindle A (fig. 1), 
which is caused to rotatti by tlie engine at a speed 
which varies with the hp<*pd of the crank shaft. Two 
heavy balls B, n are hinged to A by two arms c, c, which 
arc connected by 1 inks d, d to a collar or sleeve K which 
can move up and down tbc spindle ..A. This sleeve is 
connected by a system of levers P, G, to the 
Throttle Valve of the engine, so tliat e 

opens the valve as 
it falls, and closes 
it again as it rises. 

An increase in the 
speed of the engine 
causes the balls to 
fly outward and 
raise the sleeve E, 
which acts on the 
throttle valve and 
partially cuts off the 
supply of steam 
until the sjHjed falls 
to its normal value ; 
if the speed fall 
below the normal 
value, the throttle 
valve is opened 
more widely, and 
the engine gains 
speed. There are many modifications of this simple 
form of governor. A IjOaded Governor (tig. 2) 
has a heavy mass M attached 
to the sleeve E ; it is suitable 
for higher speeds than the 
simple form. A Crossed 
Arm Governor (fig. 3) has 
the arms hinged to a cross- 
piece at the top of the 
spindle A, so that the joints 
of the arms and the balls 
are on opposite sides of the 
spindle A. If the centres on 
which the two arms turn 
be properly chosen, the gover- 
nor is practially Isochro- 
nous; that is the governor 
remains very steady at one fixer! speed, but a veiy 
slight alteration will cause the balls to fly to their 





highest or lowest point, according as the speed has 
increased or diminished. A strictly isochroncnui 
governor would be too sensi- 
tive for convenience, as it 
would cause Hunting or over- 
correction of the speed: i.e. 
when the governor was acting 
so as to increase the sx->eed, 
it would increase it too much ; 
this would lead to a sudden 
change in the opposite sense, 
and so on. In certain cases 
a governor is fixed on the main 
shaft, with loaded arms moving in a vertical plane. 
One such form is shown in fig. 4. The main shaft A 
carries a circular case or 
frame B ; two heavy masses 
c, o are fixed to the frame by 
pivots at D, D, and are kept in 
a position of equilibrium by 
springs B, E. An increase of 
sx>eed causes the arms to fly 
outwards, and their motion is 
communicated by links F, P 
to a lever G. The motion of 
G is communicated to the 
throttle valvtj (or other con- 

trolling device) by means of a system of levers or 
other mechanism. A gas engine generally has a 
governor of the ordinary type ; but instead of acting 
on a throttle valve, it usually causes the engine to 
miss one or more exydosions when the speed rises 
above a certain limit. Various types of governor 
have also been invented which control the char- 
acter of the mixture. i.e. which alter the relative 
proportions c® air and inflammable gas in the 
charge ; but the simpler arrangement is found to be 
more satisfactory. 



Grab (^Fng.) A mechanical excavator or steam 
navvy, the essential part consisting of a steel bucket 
opening in two halves like jaws, the bucket being 
lowered and raised by levers or chains actuated by 
a form of crane. The jaws are opened automatically 
as the bucket is lowered ; when the latter strikes the 
surface of earth, sand, mud, or other loose material, 
it sinks in for a certain distance. The jaws are then 
forced together mechanically, and the bucket with 
the enclosed material raised. 


Grace Cup. A loving cup. The custom of 
lianding round a large cup filled with wine after 
grace has been said came into vogue early in the 
Middle Ages. 

Gradient Eng.) The slope of a road or 

railway. The ItULiNG Gradient is the greatest 
slope allowed on any particular line ; it varies with 
circumstances. In railways in mountainous districts 
it may reach 1 in 25, which is generally regarded 
as the limit for locomotives with smooth wheels, 
depending on the adhesion between the wheels and 
the rails. Higher gradients require tlie use of a 
toothed rack or some equivalent device. See Feul 
Railway and Mountain Railways. 

I Barometrio (Met.) The steepness ot 

the slope of isobaric surfaces. This steopnes.s is 
measured by the difference in barometric pressure 
along the same level. See Isobar. 

Gradine (AroJiUect.) A step or low steplike seat 
forming one of a series, e.g. the seat in an amphi- 
theatre ; also a shelf at the back of an altar. 

(SevZp.) A toothed chiseL 
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0rftding ( Cotton Manvfm.') A system of olassify- 
ing cotton to deteraine its quality and value. A 


rough classification is as follows: 

Amwican, BrazUmn. Egyptian. Indian. 
Good ordinary. Mid. Fair. Fair. Fair. 

Low Middling. Fair. Good Fair. Good Fair. 

Middling. Good Fair Good. Good. 
Good Middling. Fine. 

Mid. Fair. 


The first mentioned are the lowest qualities in each 
case. 

Oradometer {Survexjing'). An instrument for 
measuring the angle of dip of a rock formation or 
mineral deposit. 

Graduation To vers (Chem. Eng.) Stacks of 
brushwood used for the natural evaporation of brine 
in the manufacture of salt. Used in Continental 
practice only. 

Graffito, pi. Graffiti {Archiool.) A drawing or 
writing scratched on a wall or other surface ; notable 
examples are to be found in Egyptian tombs, 
Pompeii, Rome, etc. See aUo Sgraffito. 

Graham’s Law (Chem.) Gases diffuse at a rate 
which vaiies inversely as the square routs of tbeir 
densities. See Diffitston. 

Graham’s Hecurial Pendulum. See Pendulums. 

Grain. Sec Weights and Measures. 

Grain. The fibrous structure of wood or of certain 
metals, or various other substances. The expression 
“ with the grain means along the direction of the 
fibre.s ; across the grain ” or “ cross grain ” means a 
direction more or less at riglit angles to them. 

Graining (6%m. Eng.) See Cutting. 

(^Dec.) The art of imitating by means 

of oil or water paint the grain of woorh See also 
Marbling. Foimerly graining was used to a con- 
siderable extent in finishing t be woodwork of dwel- 
ling houses and other buildings, but of late years it 
has almost ceased to be used excepting in country 
districts, coloured paint work having largely taken 
its place. Graining possesses the advantage of being 
the most durable class of paint work, and when 
covered with a good varnish it is very suitable for 
kitchens, passages, and other places subjected to 
great wear. Although graining has been condemned 
by Buskin and other writers as a sham, its conveni- 
ence and durability render it likely to remain in use 
for many years, 'J'he tendency at the present time 
is toward an increase in the use of graining. If 
properly executed in appropriate po.sitions, it does 
not offend artistic taste. Sometimes, however, the 
gralner places his work in sit aation.s altogether inap- 
propriate ; for example, on a solid cast iron or steel 
column supporting a beam. In such a case, if the 
column is grained to represent wood the effect is 
bad, because if the column were actually made of 
wood it would obviously break under the strain 
imposed upon i t Tn steamboats and other vessels grain- 
ing is also used without due thought, as, for instance, 
on metal linings. The safe rule to follow is that 
graining can li« employed in any situation where 
the surface grained might actually be constructed of 
the wooS that is imitated. In all cases tlie surface 
of the work it is intended to grain should be pro- 
pared precisely in the same way as for ordinary 
painting, four coats being generally pven on new 
work. The final coat should bo the lightest colour 
of tihe wood to be imitated. The surface must be 


quite solid and level, free from any absorbent 
quality. The grounds should bo rich and warm in 
tone, but not too bright or glaring. A little less 
oil than usual may be used in the last coat. The 
principal Graining Gbouni>s are prepared as fol- 
lows: Ash: This ground is best made of white 
lead tinted with a very little vermilion and sufficient 
lemon chrome. Yellow ochre may be used lightened 
with lead. Antique Oak: White lead tinted with 
French ochre, burnt umber, and Ventian red gives a 
good antique oak ground which must be kept quite 
Clark. American Walnut : White lead tinted with 
French ochre, burnt umber, and Venetian red gives 
this g^und, which is practically the same as 
the ground intended for antique oak, but many 
grainers prefer to add burnt sienna. Birch : White 
lead, to which has been added a little yellow ochre,, 
produces a good birch ground. White lead, French 
ochre, and a little yellow chrome are sometimes pre- 
ferred. Bark Oak : White lead mixed with a little** 
golden ochre gives a good ground, and a little Vene- 
tian red and burnt umber may be added if desired. 
Light Oak : White lead ^nd yellow ochre, to which 
has been added a little lemon chrome, if desired. 
Maple : White lead should be tinted with vermilion 
and a little lemon chrome. Medium Oak : French 
ochre and white lead with a little burnt umber give 
this ground. Mahogany: Venetian rod, orange, 
chrome yellow, ancl burnt umber give a dark 
mahogany ^ound which may be lightened if desired 
by the addition of white lead. Pitch Pine. : Vene- 
tian red and white leiid with a little French ochre. 
Satinmood: liCmon chrome and white lead with a 
very little English vermilion give this ground. 
Knotted Oak : White lead, French ochre, and burnt 
umber. Rosercood : Same as dark mahogany. Upon 
the surfacje, when thorougldy dry, the graining 
colour is painted. This colour varies in composition 
with the wood to bo imitated. It is usually some- 
what thin and transparent, and is applied with a 
brush in streaks. The graining colour is partly 
removed by means of steel combs with teeth of 
vajying widtli, and also by means of a cloth held 
over a thumbpicce of horn, shaped for the purpose. 
Tlie following GRAINING COLOURS are chiefly used . 
AsJt : SAme as light oak American Walnut : Burnt 
umber and a little Vandyke brown. Birdseye 
Maple: Haw umber and raw sienna toned down 
with a little Vandyke brown or ivory black. Cherry : 
Raw sienna and burnt sienna and raw umber. 
Ckegtnvt : Raw sienna, Vandyke brown, and raw 
umber, to which may be added a little burnt sienna. 
Mahogany : Burnt umber, burnt sienna, and Van- 
dyke brown. Rosewood : Vandyke brown, with the 
addition of a little black. Light Oah: Burnt nmber 
and raw sienna, to which is added a very little black. 
The ground having been painted over with the grain- 
ing colour, the graincr proceeds as follows : In the 
case of oak lie draws the comb along those portions 
of the work, such as the stiles and rails in a door, 
which are likely to be a straight grain, thns imitat- 
ing it very quickly and in a simple manner. The 
panels, however, are supposed to be cut out of a 
different part of the log of wood, and in this case 
it is necessary to put in the light marks known as 
“ champs.” When the whole of the work has been 
imitated by removing part of the colour, it is usually 
“ overgrained ” witJi colour ground in water ; a little 
blue black is frequently used. This is laid on with 
a hoghair brush, known as an “ overgradner,” and 
softened with a badger hairbrush, so as to produce 
the difference of light and shade in the various 
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paxtfi. Btale beer, gljoetine, or Fuller's earth 
are added to bind the overgraining colonr. 
Mahogany is grained by wiping off larger portions 
of the graining colour and softening one part into 
the other. The vaiions processes of graining the 
different woods are too lengthy and of too technical 
a description to be described here. In some cases a 
roller ia finally passed over the work. These rollers 
consist of a number of discs with notched edges, 
which revolve against a brush charged with a r&rk 
water oolour, the result being a number of irregular 
dotted lines over the face of the work. Various 
mechanical methods are also used for graining. 
The most commonly used is wliat is known as 
transfer graining paper. This consists of paper 
having on it the grain of the wood i)rinted in dis- 
temper colour, which can be transferred on the 
paper being dampened There is a stiffness in 
appearance in this class of work which stands in the 
way of its being used very extensively ; but if care is 
taken to blend the pattern before it is dry, a very 
creditable job may be made of it. Another mechani- 
cal method consists of graining with a material 
known as Gransorbian,” whicli is like thick blotting 
paper. This is pressed against the wet graining 
colour, thus pro(}ucing an appearance like tl.e grain 
of wood. Rollers having the grain in relief are also 
used for cheap work, but the r<‘petitionof the pattern 
stands in the way of their being u.^cd for anything 
except the very commonest work. The test of all 
graining is how near it approaches to the actual 
wood in appearance. Htudonts in graining usually 
copy from choice specimens of wood, so as to get the 
appearance produced by nature. — A. H. J. 

Oraining {Leather lUarntfac..) A fictitious grain 
may bes imparted to a skin by ])assing it through the 
rollers on w’liich tlio grain markings are engraved. 
A sheepskin is frequently print.e<l with a goat grain 
or even with alligator, crocodile, or iiigskin grain. 
See aho Roauding. 

Graining Boards {Jiindlng'). Beech or pear tree 
boards cut in intaglio with different designs, and 
use<l to impress ijatierns on tlic sides of whole bound 
calf books by pressure. 

Grain Leather. Leather dressed with the grain 
side outwards. 

Grain Side {Leather Manvfar^) The side of the 
skin on whic-h the hair grew. 

Grains of Paradise. Tlie pungent aromatic seeds 
of Amomum vwlrgueta (order, Zingiheracece), known 
also as Guinka Grains, have been used as an 
aduttenint of beer and spirits. 

Grain Split {Leather Manvfae,) See Bag 
Hides. 

Grain Tin {Met.) Tin of the purest quality, pro- 
duced by boating relined tin to a temperature rather 
below the melting ixdiit. At this temperature it is 
very brittle, and is broken up either by a hammer or 
by being dropped from a heigiit. 

Gram. See Weights and Measures. 

Graminem {Botany). The grasses form a large 
order of Monoootyledmis \ they vary in habit and 
structure from the annual herbaceous grasses to the 
giant bamboos. Their economic importance is well 
known, 

fiwftnintA jLrmatnve {Elect. Eng.) The early form 
of Bing Asmatcbb. See AfifiiATUBBB. 


Gram Moieoiile {Chem.") The mdecnlat weight of 
a substance taken in grams, e.g\ a solution cphtainiii^ 
a gram molecule of cane sugar is one oontaihiw 
(the molecular weight of cane sugar) grains pi eaik» 
sugar. 

Granite {Qeol.) A name for a group of rooks 
which have slowly consolidated from a fluid state- 
under enormous pressure, and which consist essenti- 
ally of a granular holocrystalline aggregate of alkali- 
felspars and quartz, with or without accessory 
minerals of other kinds. The constituents normally 
occur in such a manner as to show that each mineral 
in consolidating has grown so as to hinder its 
neighbours from assuming the ciystalllne boundaries 
proper to the species ; in other words, the structure 
is granitic, and the constituents are allotriomorphic 
wdth respect to each other. 

Granite Weaves {Woollen Mannfac.) Small 
weaves or schemes of interlacing warp and weft, 
giving indefinite patterns. 

Granitic Structure (Oeol.) This is due to the 
conditions of pressure and tempemture which pre- 
vailed when the rock exhibiting it was undergoing 
consolidatiem. Each sepaiato mineral constituent 
has grown in such a manner as to prevent the 
crystals adjoining it from assuming their own proper 
bounding planes. Minerals whici behave thus are 
saitl to be allotriomori>hic w ith respect to each other. 
In granitic structures, therefore, the mass is holo- 
crysialliue, and the mineral constituents are allo- 
trhjmorpbic. The structure characterises granite, 
syenite, diorite, gabbro, and some few other rocks of 
eruptive and deep seated origin. 

Granolith, Stnapt's. See Artificial Stone. 

Granophyre ( Geol.) A name formerly ueotj for cer- 
tain typos of granite in wdiich some of the quartz and 
felspar show the curious intorgrowth which character- 
ises Graphic Gb^vnite, These granophyric granites 
'appear to have been formed at lesser depths than 
granite of the normal kind. In some cases they 
appear as if they had originated through the solution 
of an older basic rock by the action of a magma con- 
taining much potash and silica, and the subsequent 
recrystallisation of the compound deep within the 
core of a full grown volcano. 

Grant Reel {Silh Manufac.) A particular form of 
reel wdiioh enables the skein to be wound more fully 
and economically. To form the skein, the thread 
pasr.es on to a reel, as in ordinary reeling ; but owing 
to the traverse motion being regulated by a particular 
multiple of wheels the traverse is laid on in 
diamond form, thus creating spaces which are after- 
wards intersected with lacing thread to retain the 
cross or traverse. 

Granular Iron {Met.) Iron whose fractured sur- 
face shows a regular granular structure. This 
denotes a good quality of metal. 

Grape Seed Oil. Made from the seeds of grapes 
removed from the fruit during the preparatory process 
of brandy making. The seeds are ground, an<l when 
expressed yield a thick yellow oil, which may bo used 
for cooking purposes, as a substitute for olive oil, and 
in soap and varnish making. The supply^ however^ 
is very limited. 

Grape Sngaj* {Clum,) Another name for 
Dextrose (q.v.) 

Graph. A curve showing the relation between 
two variables, c.g. a curve showing the height of the 
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barometer throughout the day. Graphs are •* plotted** 
•or drawn either from two sets of observations or from 
an equation which expresses the relation between 
the two variable quantities. 

Graphic Calculation (Mech., Phys,^ eto,) The 
calculation of numerical results based upon the re- 
presentation of quantities by lines. The most 
important example is furnished by Gbaphig Statics 
(?•»•) 

Ovaphio Formula {C/iem.') See Chemioal 
Formula. 

Graphic Granite ( A granite (g.v.) in which 
the quartz and the felspar have simultiiueonsly inter- 
grown with each other. The component minerals 
form, in consequence, a series of markings, bearing 
a fancied resemblance to written ciiaracters. 

Graphic Statics. The calculation of the forces 
.acting on structures (roofs, bridges, etc.) can be 
carried out very much more easily by graphic methods 
(i,e. by drawings made to scale) tluin by abstract 
calculations. The graphic method is based ohielly 
on the theorem known as the Polygon of Forces, 
which may be stated as follows : If any number of 
forces act at a point in a body wliich remains at rest 
under their action (that is, if the forces are in equili- 
brium), then the forces can bcTcpresented in magni- 
tude and direction by the sides of a polygon taken 
in order. Thus if the lines 1, 2, 3, 4, 5 (fig. 1) 
represent forces acting at a given point, then these 
forces may be represented by the lines 1, 2, 3, 4, 5 in 
fig. 2, each line feing parallel to the direction of the 
force which it represents, and of length proportional 
to that force. Fig. 1 is often termed the Force 
Diagram ; fig. 2 is the Polygon of Forces which 


be drawn to the angles of a polygon of forces, the 
figure so formed is termed a Polar Diagram, and 
the point o is termed its Pols. If now a reciprocal 
figure to the polar diagram be drawn in conjunction 
with the original diagram showing the direction of 
the forces, or Force Diagram (fig. 1), in such a 
way that a line parallel to oa is drawn across the 
space A (in any convenient position), a second line, 
starting from the end of this, across the space B and 
parallel to oh^ and so on, we get the figure called 
the Funiculab Polygon (fig. 3). For any system 
of forces in equilibrium, the funicular polygon is a 
closed figure, whatever be the fKtsition of the Pole o. 
This statement is true whether the forces act at a 
point or not. If we are given a system of forces 
which are not in equilibrium, we can find the magni- 
tude, direction, and position of the force necessary 
to keep the system in equilibrium. The Polygon of 
Forces will give us the magnitude and direotion 
of this force or Equilibrant ; the Funicular Polygon 
will give a point on its line of action, from which 
wc can find its point of ai^plication. The force 
is therefore completely d&termincd. The following 
example indicates the method of finding this force 
or Equilibrant for a system of parallel forces, 
•'iich as those of a loaded beam. Let the forces act 
along parallel lines represented in Bow’s Notation 
by ab, bc, CD, DE (fig. 5), am I in magnitude and 
direction by aft, hr, od, de (fig. (>), each of the.se 
lines being proportional to the iiuignitude of the force 
wliich it represents. Draw the Polar Diagram from 
any pole o (fig, tJ), and in the spaces b, c, d draw lines 
parallel to oh, or, od. Now let lines in the spaces 
A and D be drawn parallel to oa an<l produced 

till they meet. The point where they meet will be 




Fui, 2. 



■corresponds to it. The most convenient way of 
naming these forces is by means of Bow’s Notation. 
Letters A, B, C, d, E are placed as shown, and the 
force 1, which acts along the line separating the 
space A from the space B, is termed the force ab. 
In the polygon (fig. 2) the line parallel to AB is 
marked ah^ the letters being placed at the ends of 
iihe line. Fig. 2 is a figure whose sides are rcspec- 


the point where an upward force, equal in magnitude 
to ar (the sum of the loads AB, BC, etc.), and in a 
direction parallel to a,e (and therefore to AB, BO, 
etc.), must bc applied, in order to balance the dowzi- 
v’ard forces. In such a case as this, where the forces 
are parallel and in the same direction, the figure 
ahede, or Polygon of Forces, becomes a straight 
line ; it is then usually termed the Line of Load& 
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tively parallel to the lines in the first figure, and is The Funicular Polygon is also applied in finding the 
said to be the Rbcifbocal Figure to fig. 1. If any forces required to be applied to support a loaded 
point 0 be taken, and lines oa^ oh, oc, tA, oe (fiig. 4) beam, that is the Reactions at the Suppobtb, 
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Let BO, CD, BB (fig. 7) be the loads, acting down- 
wards, and let ab and bf be the position of the 
reactions. Draw the line of loads hode (fig. S) and 
the polar diagram from the pole o. Construct the 
Funicular Polygon by lines in the spaces b, o, d, and 
B parallel respectively to oh^ oo^ od^ and oe. Draw 
the closing line of the Funicular Polygon, as shown 
by the heavy line, and from o draw a line oa parallel 
to this closing line, cutting the line of loads in the 
point a, Tlien la represents the reaction at AB, and 
ea (or, as it may be maikcd, ef) the reaction at bp. 
The above is one of the most simple cases; but 
graphic methods are applicable to very complicated 
cases of framed, structures, such as iron bridges, 
built up girders, roofs, cranes, etc. Wind pressure in 
roofs, oblique reactions at the supjjorts, the elTect of 
ceiling loads, and numerous other effects can readily 
be calculated by methods based entirely on the 
fundamental principles enunciated above. 

. Graphic Tellurium {Min.) A telluride of gold 
and silver, (Au. A g/re.^ The gold and silver equal 
about 40 per cent, together. It occurs grey or silver 
white crystals with a high metallic lustre, arranged 
in linos so as to give some resemblance to writing ; 
hence the name. Also called fivLVANiTE. From 
Transylvania and California. It is a very valuable 
ore of gold when in sufficient quantity. 

Graphite* Carbon ; hexagonal. Also called 
Plumbago and lilaeklead. Occurs usually in foliated 
masses, sometimes in hexagonal ijlates, in meta- 
morphic rocks chiefly. It is one of the few minerals 
w'hich leave a shining black streak when rubbed on 
paper. From Cumberland, India, Ceylon, Dohemia, 
etc. It is used to make pencils, to form a conducting 
coaling of moulds in electrotyping, etc, ; as a lubri 1 
cant {e.g. for wood surfaces and cycle c’hains), and as | 
blacking ((/.v.) for inoul<ls in the foundry. 

Graphitic Carbon {MH.) The carbon which is 
mechanically diffused in pig iron, as i)pj)OHed to 
combined carlKm. It gives the characteristic 
crystalline fracture to grey ]hg iron. Kish. 

Grass (Alining). The surface of the gnaind above 
the mine., Bhouuht to Ctiass means raised to tlic 
surface. 

Grassing {Linen Manufac.) After rotting {q.v.) 
the flax straw is spread over grass iicdds to get the 
sun and air and ct)mi)lcte the retting process, and 
during the process of bleaching also the yarn or 
cloth is spread on grass fields. Tliis assists to whiten 
it, and avoids the necessity of using strong chemicals. 
This spreading is called “ grassing.” 

Grass Wrack (Ji»>tany). A submerged marine 
fiowering plant, Zostcra marina (order, ICaiadacv(e) 
common on the shores of Britain. The dried plant 
is much used for packing glass and for stuffing 
cushions and mattressc.s. 

Grata rtc.) The portion of a furnace or 

firebox which supijorts the fuel during combustion. 

Grate Area (Eng.) The surface required to burn 
enough coal to produce the power at which the boiler 
is to be worked ; it is ufuml to quote the .amount of 
surface needed to consume 1 lb. of coal, the numlHjr 
of pounds of ooal being determined by the horse 
power required. 

Grating {JPhys.) A surface ruled with very fine 
Hues (6,000 to 40,000 per inch), used to produc*e 
Dipfbaction Spectra {q,v.) The ruling may be 
on a glass plate (Tbansmissiok Grating) or on a 
reflecting surface (Reflection Gbating). See 
Diffraction Grating. 


Grating (JBMd,) The perforated cover of a gully,, 
etc. 

Grave {Mwde^) Slow : heavily. 

Grave Accent (Typog,) A sign placed over a 
letter thus, 5. 

Gravel (Geol.) A term usually restricted to anx*^ 
loose accumulation of subangular stones which have 
been worn and sorted by the action of running water, 
especially by that of a river. Similar accumulations^ 
which have been more completely rounded are often 
distinguished as Shingle. In the south of England 
the term is usually understood to mean “ flint gravel,'*’ 
in which the stones are more angular than is usual. 

Graver* A tool used in hand turning, consisting 
of a ste(jl blade of square section, with the end ground 
off diagonally so as to produce a rhombus, the outer 
edges of which constitute the cutting edges of the 
tool : the pointed end is also utilised. 

(Engrav.) See BURlN. 

Graving Dock ( Civil Eng.) A small dock (usually 
large enough to contain one vessel) which can be 
emptied of water to enable repairs to the ship's 
bottom to be carried out. The dock is of such depth 
that on admitting water at high tide a vessel can be 
floated in or out with ease. 

Gravitational Astronomy. The dynamical theory 
of the heavenly bodies, dealing with their attraction 
on one another, theur masses, etc. 

Gravitation, Gravity (Phys.) The force with 
which one mass attracts another ; in particular the 
force of attraction exerted by the Earth on a body,, 
or the for(‘.e exerted by one planet or other celestial 
body on another. The actual attraction between two- 
bodies on the Earth's surface is very minute and tian 
only be dftected by siwjcial apparatus of great 
dcli(*u,c.y. The mathematical expression for the force 
/between two particles of mass ?//, and sejmrated 

by a distance d, is / * -- The constant k is 

termed the Constant op Gravitation : its value is 
about 6-t»576 x 10—** in centimetre gram second units. , 
Thus two small particles, each having a mass of 
1 gram, placed 1 centimetre apart,, would attract 
each other with a force of 6*6576 x 10-® dynes. From 
the same constant it is possible to calculate the total 
mass of the Earth, and thence its density, which is 
found to bo 6*527 times that of water. 

Gravity, Centre of* See Centre op Gravity, 

Gravity Escapement (Clocks). A clock escape- 
ment in whi(’h tlie vibrations of the pendulum are 
sustained by the fall of the gravity arm through a 
constant height. Sec Escapement. 

Grazioso See Con Gbazia 

Grease* The rendered or molted fat of animals ; 
oily matter, especially as used in various manufac- 
tures and as a lubricant. See Candles and fcsOAp. 

Grease Box (Eng.) A hollow box immediately 
above the axle bearing of a locomotive or truck, 
containing grease for lubricating the bearing. 

Grease Traps (ITygiene). It is necessary in the 
case of hotels, clubs, etc., that special means be 
adopted for receiving the discharges from the 
scullery sink waste pipes. The onhnary gully traps 
are not suitable for this purpose, as the fatty matter 
solidities on entering, and causes obstruction in the 
drains. The evil can be corrected either by fixing a 
trap which collects the grease and from which it c^uo. 
be removed by hand, or by adopting an appliance 
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^here the solidified grease can be broken up before 
•entering the drain. The latter method is preferable. 
In an efficient grease trap there should be (1) a good 
body of water : this rapidly cools the grease, causing 
solidification ; and (2) a discharge from an automatic 
.flush tank should be connected with the trap, by 
means of w'hich the congealed mass is broken up and 
can then pass into the drains. 

Great Circle (Aftran,) The line on the surface of 
a sphere formed by the intersection of a plane 
passing through the centre of the sphere. 

Great Millet {Botany), See Uhurba. 

Great Organ {Music), Tliat part of the organ 
having the heaviest stops. In two-manual instru- 
ments the great keyboard is the lower, and in three, 
-four, or five manuals it is the lowest but one. 

Chpeat Primer {Typog,) T^-pe one size smaller 
than Paragon. See Type. 

Great Wheel {Watches^ Clocks). The first or 
anain wlieel of a watch or clock. Usually the largest 
wheel in the train and the nearest to tlio weight- or 
.spring. It is the first of the scries of agents trans- 
mitting energy from the weiglit or spring to the 
^escapement. See Tbain. 

Greaves {ATmot(r), Armour forming a covering 
for the legs below the knee. Ci reaves were worn by 
ancient nations as well as in tlu* Middle Ages. Cf, 
Jambart uniJej ' Armour. 

Greaves or Graves. Animal tissueleft after melting 
off fat at a liigh temperature. The greaves are 
usually pressed for a further supply of fat, and finally 
formed into cakes as food for dogs, swine, etc. 

Greek Architecture. The trabeated style of arclii- 
tecture which obtained in Grcec^e, Sicily, and Asia 
IMinor. The principal buildings of note were erected 
during a period commencing about 650 B.o. and 
ending about 100 B.C.; the great masterpieces of Greek 
art were constructed between the years 460 n.c. and 
400 B.c. The latter period is known as the PericTean 
.age, as it was during the administration of Pericles 
that Ictimas and C.allicrates clesigned the Parthenon, 
•the sculpture of which was executed by Phidias. 
See AEcniTECTURE, Orders of, and Roman 
-Architecture. 

Green. See Colours (Pigments, Decorations, 
etc,) and Brunswick Green, Cjikome Green, 
Emerald Green, Mineral Green, etc. 

Green Bricks. See Bricks. 

Green Carbonate of Copper {Min.) A synonym 

for Matjicuite (^y.r.) 

Green Fog {Photo.) This is a dichroic fog, being 
green by reliected light and red or piiik by trans- 
mitted light. It is very frequently seen on negatives 
taken on orthocbromatic plates, more especially when 
-ammonia has been used in the developer. 

Greenheart. See Woods. 

Green Liquor {Chem.) The liquor left from tho 
bleaching of palm oil by the bichromate prficess. 
It is sometimes treated to recover the chromium it 
contains. 

Greenockite {Min.) Cadmium sulphide, CdS. 
•Cadmiums^ 7 7*7, sulphur —22*3 per cent. In hejuigoual 
yellow crystals, with the two terminations different 
(hemim Orphic). Also rarely as an incrustation on 
sine blendes ; e.g. from Wanlockhead in Dumfries- 
shire, Chiefly from the Bishopstown tunnel in Dum- 
bartonshire ; also from Bohemia, Greece, and 
Pennsylvania. 


Green Oil {Chem, Eng,) (1) The second fraction 
which comes over in the distillation df Yorkshire 
grease. Occasionally used for coarse lubricating 
greases, bnt usually reworked with another batch of 
grease. (2) A product in Gas Manufacture 

Greensand {Ceol.) In the geological sense 
Greensand is usually understood to mean the rocks 
which lie between the Chalk and the Qault (the 
Upper Greensand) and those which lie between 
the Gault and the Wealden Beds (the LOWER 
Greensand). In both cases the name was given 
because the presence of grains of Glauconite imports 
a green isli colour to the sands of ^hese formations. 
Both are impt)rtant sources of water supply in the 
south cast of England, 

Green Sand {Moulding). Moist foundry sand, as 
distinguished from sand which has been mixed with 
clay, etc., to form loam Cfir.r.), or from sand which 
has been dried. 

Green Vitriol {Chem.) A common name for ordi- 
nary <T\st:illistul ferrous sulphate, FeSO^THgO. See 
Iron Compounds. 

{Min.) A synonym for MelANTEBITB or 

Copperas { q . r .) 

Green Wood. Timber still containing some of its 
original sap, which must be removed by seasoning 
before the tinibor is lit for use. 

Gregorian Calendar Tbc calendar as 

adopted hy cmphujiig the ooiTCctions ordered by 
Pope Gregory in 15-S2. 

Gregorian Modes {Music). See Modes. * 

Gregorian Telescope {Astron.) A form of refiect- 
ing teli'scope in \vhi(‘h tlit‘ observer views the object 
by looking through an aj>erture in the primary 
mirror at tluj image formed by a small concave 
reflector in tbe primary axis. 

Grenadine {Textile Manufacture). An open tex- 
ture in strii)es or checks, .several threads being 
compactc«i togef uer in the warp, in the weft, or in 
both, and open spaces intervenirxg. « 

Grey {Paint.) A colour intermediate between 
bhu/.k and white. A mixterc of black and white, 

{Textile Man7fac.) A term used to de.scribe 

yam or “slabbing” as it comes from the loom before 
underg()ing any process of bleaching or dyeing. 

Grey Copper {Min.) A synonym for Tetba* 

HEDR1TJ5 (q.'V.) 

Grey Lime ^ Build.) A lime prepared from grey 
chalk. 

Grey Pig {Met.) Pig iron which gives a flaky 
crystalline fracture which is dark grey, due to 
graphitic carbon {q.v.) For foundry use it is a hard 
iron giving a fluid metal in the ladle. Wldte pig is 
a definite carbide of iron, the carhjon being combined. 
Is more sluggish than grey, and usually contains more 
sulphur. Mottled pig is intermediate between grey 
and white pig. See also IRON, 

Grey Sour {Cotton). Dilate hydrochloric (muri- 
atic) acid, used to decomi)Ose the lime snaps formed 
in the lime-boiling kier in cotton bleaching. 

GreywaokA {Qeol.) An Anglicised form of the 
German name Grauwack6, which is now applied 
by British geologists to an impure form of quartzM 
which constitutes a large part of tbe Silurian, Ordo- 
vician, Cambrian and pre-Cambrian rocks of marine 
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sedimentaxy origin. The Ooniston Grits of the 
Bnglish Lake District ooneist ahnost entirely 
typical grey Wack^. 

0>ld (JBng.') A general term for Atractures com- 
|) 08 ed of parallel barSy a grating over the open- 
ing of a pipe, etc. 

Griddle (Mining), A sieve or grating. 

Gridiron Pendnlmn. See Pendulums. 

Gridiron YalYO* A slide valve containing parallel 
reotangular openings or ports; the solid portions 
between the ports cover corresponding openings or 
ports in the valve seat, so that a small movement of 
the valve will uncover a large port area by bringing 
the two sets of openings opposite eacli other. 

Griife (Architect). A projecting spur at tlio base 
of a column; found chiefly in medieval architecture. 

(Tesstlle Mannfac.) TJie frame containing 

the lifting bars in the harness or Jacquard loom. 

Grifliji or Gryfliiy anciently Gryphon (Her.) A 
fabulous beast with eagle's head and claws joined 
to a lion*8 body. When borne as a charge it is 
generally passant,” but when erect and wings 
expanded it is called “segreant.” Griflins are fre- 
quently borne as supporters. 

GrilBth*B White (Dec.^ etc.) A white pigment 
sirpilar in composition to Orr’s Zinc White (g.v.) 

QT\\\^(}iuild.^ etc.) (1) A grating. (2) A screen 
made in the form of a grating. 

Grinder {Paper Mannfac.) A machine used for 
making mechanical wood pulp (q.v.) 

Grindind« (1) The process of crushing a material 
into powder or small particles. (2) The removal 
of material from an object by the action of some 
abrading substance ; v.g. an emery wheel, grind- 
stone, etc. 

V — (Textile Mannfac.) An operation fjerformed 
''periodically by means of emery rcdlers on the wire 
edged surfaces of the c^ylinder, doffers, flats, etc., (3f 
a carding engine' so as to ensure accurate carding. 
Tlie particular method oF grinding is determined in 
a large measure by the stajJe to be carded. There 
are several forms of grinding, such as Plough 
Grinding, Top Grinding, Side Grinding, etc. 

Grinding In Fitting a plug or valve 

to its seat by placing a little fine emery on the valve 
and rotating it in its seat until a good fit is secured. 
The valves of gas engines, petrol motors, etc., require 
to be ground in at intervals when they become loose 
through corrosion caused by the hot gases in the 
•cylinder. 

Grinding Rest (Eng.^ Carp., etc.) A device used 
to ^^ppo^t a tool which is being ground, so that the 
edge is sharpened to the correct angle. 

Grindi^ Stone (Eng. ^ etc.) (1) A flat stone used 
for grinding pigments. (2) A circular stone mounted 
on a frame, and used for grinding tools; usually 
termed a Grindstone. 

Grindstone. A circular rotating disc of some 
natural sandstone (eg. the carboniferous sandstone 
from Newcastle), more rarely made of some artificial 
composition ; generally used for sharpening entring 
tools and implements. 

Grieaille (Paint.) A method of painting in mono- 
'fccdie, CTey tints only being employed. Generally 
used for representing solid bodies in relief, eg. 
friezes, bas-reliefs. 


Griti ( Geol,') A term applied scnnewfaat loo^ly to 
any rough textured sandstones. It is vmey gfener^y, 
used for the pebbly sandstones of the Carbonifetona 
Bocks, and especially for those whose texture M 
them for use as millstones. 

Grizzle (BuUd.) A stock brick, underbuxnt, bat 
of good shape. 

Groin {Architeot). See Groined Vault. 

Groined Vault (Architect.) A groined vault is 
formed by tho intersection of two bairel vaults, the 
angles formed at the intersection being known as 
Groins. The groins divide the vault over a rect- 
angular space into four parts, hence the terms 
qu^ripartite and four-part vault. A groined vault 
must be constructed as one structure, wooden 
centring being used to support the whole. This 
form of vault was used by the Romans and also in 
the Romanesque style. See Barrel Vault, Vault, 
and Rib and 1'anel Vault. 

Grolier (Binding). A style of book ornamentation 
introduced into France in tho time of Henri Deux 
by his Chancellor, Grolier, who is supposed to have 
lean\ed it in Italy. It consists of interlaced strap 
work of different colours, applied to book sides. It 
bears great similarity to some kinds of early Celtic 
decoration. 

Grooving. (1) A general term for cutting a 
groove. (2) The production of tlie groove in the 
edge of a board which is to be joined to another 
board provided with a Tongue or strip fitting the 
groove ; it is done eitlier by hand with the Plough 
(q r.) or by a revolving saw or cutter of suitable , 
thickness. 

Grooving (Eng.) The tendency of corrosion in 
steam boilers to develop cracks into grooves. It 
occurs chiefly along the edges of laps, angle bars, and 
doubling plates, owing to the shell being too stiff 
to allow the boiler to “breathe,” i,e. expand and 
contract evenly. Cylindrical shells, if too firmly 
sealed, suffer from grooving, owing to the plates 
buckling near lap and butt stmps, especijilly at ring 
seams. But in vertical fireboxes want of' stiffness 
causes grooving through the mud ring not being 
deep enough. Grooves often owe their oi’igin to the 
use of caulking tools which are square or sharp, 
instead of being perfectly round nosed. 

Grooving Saw (Ca/rp., etc.) A revolving saw used 
for culling a groove in timber for a tongue and 
grooved joint. It may either be a drunken saw (q,v.) 
or a saw of thickness equal to the required groove 
running truly on its spindle. 

Gfob (Silh Mannfac.) A coarse form of tabby, 
the bolder effect of cord being obtained by two or 
more picks passing into the same shed. 

GrOBBiilarite (Min.) A calcium aluminium garnet 
(iee Garnet), greenish or yellow, translucent. Com- 
position approximately, Si *40, ALOa-Ifl, Fe.O^lO, 
CaO * 33 per cent, with a trace of magnesium* From 
Siberia and Norway. 

GroteBques (Art). Pictures or systems of orna- 
ment representing fantastic subjects. Arabesques 
consisting of extravagant figures fancifully com- 
bined with foliage, etc. 

Ground (Mining). The rocks round a lode, often 
termed Countrv Rock or merely Country. 

(The Arts). (1) A foundation, used either 

for support or display. (2) A surface, natural or pre- 
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, pared, which serves as a basis, especially in decora- 
tive art. (3) The principal colour employed on a 
^ picture. Si^e also Mbz^otint and Etching (under 

ENGllAVING). 

Ground Air. It is found that all soils contain air, 
** the quantity varying with the porosity and nature of 
' the strata. Tims, loose sands contain as much as 
' '60 per cent., while the densest rocks are free from it. 
It is especially rich in carbon dioxide, derived from 
the oxidation of the organic matter, the amount of 
^ which increases with the depth. The oxygen 
decreases in quantity with the depth. Nitrogen is 
present in nearly the same projiortion as in the 
atmosphere. Occasionally the ground air contains 
ammonia, various hydrocarbons, and nitric acid. 
Ground air is in continual mo\ement, the causes 
being : (d) the diurnal changes of temperature, (O') 
rainfall, (c) variations in barometric pressure, (//) 
fluctuation of ground water. To asceitain the amount 
of ground air present in a soil, a burette is taken 
and filled with the soil. Water is allowed to jmiss 
throngh the burett-e until it rwiohcs the surface, thus 
expelling all the air, then 

the amount of water ^ 
the amount of dry soil 
gives the percentage of air. 

Ground Bass A musical phrase con- 

stantly repeated in the bass with varied harmonic 
devices at each repetition abo\'c. 

Ground Glass. Gla-ss whoso surface has been 
ground or roughened by rubbing with fine sand or 
emery, etc. It serves as a seini-t ran^^parent screen 
in photography and in various optical cle\nces. 

Groundlayer (Pot.) Groundlaying is the process 
of laying an even coat of colour over the surface of 
potUiry or porcelain. The glazed ware is first coated 
with an oil which is dabbed carefully to render tlie 
surface perfectly even. The colour, in the form of a 
fine powder, is then dustod over the oil, to which it 
- adheres ; it is then burnt in the requisite kiln. 

Ground Mass ( Oeol.) The nun -crystalline 
lithoidal or vitreous material of any eruptive rock 
in which tlie crystalline portions are embedded. 

Ground Nut (Botany). A small West African 
plant, Araeliis liypogra (order, Leyumlmaa*), of the 
pea family, who.se seeds yield a v.'tluable oil used as 
a substitute for olive oil, and (on the Continent) in 
soap making. The nut i.s known in England as 
Monkey Nut, and in America as Pea Nut. In the 
lancr country it is used extensively as food, being 
usually sold freshly roasted. The name Ground Nut 
is applied to it from the fact that the nuts or seeds 
grow underground. 

Ground Water. If a hole is dug in any soil a 
, “point is reached at which the interstices are found 
’ full of water. Tliis point denotes tlie level of the 
ground w'ater. This varies considerably in different 
localities. In some instances it is only a few feet 
from the ground level, while in other cases it is many 
hundreds of feet. As with ground air, ground water 
is in continual movement. It also fluctuates in 
level, being largely influenced by rains. 

Grouting (Build.) Filling up joints, holes with 
irqnwork sunk into them, etc., writh thin fluid 
mortar, which can be poured into the cavities. 

GroYO Cell (Eleot.') See Cells, Phimaby. 


Groynei (Civil Eng.) Barriers of masonry (or 
more often of wood) running out at right angles to 
the coast line to protect the beach from erosion by 
the waves. 


Grummet or Gromet. Twisted rope or yam,, used 
for packing joints in iron work which have to be 
made watertight. 

OH 

Gualaeol (Chem.) <qq;q • Ooronrlessorisms; 

melts at 28° C. ; smells like creosote. Its alcoholic 
solution gives a green colour with ferric chloride. 
It occurs among the products of dry distilla* 
tion of Guaiacum IIesin, and in beech creosote. 
It can be prepared from pyrocatochin (g.v.) by heat- 
ing with caustic potash and potassium methyl 
sulphate. Is used as a medicine in phthisis, as it is 
believed to aid in the destruction of the bacilli in the 
lungs. 


Guaiacum (Botany). This resin, used in phar- 
macy, is obtained from the stem of GuaiaCum 
officinale (order, Zygopliyllacvte) by incision or exu- 
dation. The heartw’ood is also used in medicine. 

TCTT 

Guanidine (Chem^ HNiC A colourless 

crystalline solid, very soluble in water and alcohol ; 
a i) 0 \vcrful monacid base. It may bo pre])aretl 
by heating together cyanamide and ammonium 
chloride with aiilcoliol at lb()°, usually by heating 
ammonium sulphocyanate for twenty hours at li^O' 
to 185° C., when a re&iduc of guanidine thiocyanate 
remains, from w'hich the base (‘an bo obtained by 
conversion iiitosulphalo by sulphuric acid and precipi- 
tation with baryta water. Guanidine healed with 
dilute sulphuric a(‘id yields urea and ammonia : 
baryta w’ater decornjioses it in a similar way. On 
treatment of its .salts with sulr>huric and nitric acids, 

Nitro-GuanidinEjIIN white cry{»tallino 

solid, is formed, which on uMluction with zinc dii.st 
and acetic acid gives Amjdo-^ Juaniuixe (see IlirDBA- 
ziNE), which yicld.N Dtazo-Guanid^N'K, nitrate with 
nitric acid and sodium nitrite. The diazo-eom- 
pound Yields azoimide (^.»'.) on boiling with alkalis. 


IlN = C 


/NH - N = N - NOj 
"^NTL. 


= cN.Nir, + II + UNO,. 

N^^ 


An important decomposition product of albumins is 
Arginine, wdbch is guanidine aminovalerianic acid. 


UK - 0 CITNH,. coon. 

Creatine and creatinine (fj.v.) are also guanidine 
derivatives. 


N- CO 


Guanine HgNC C.NH 


II li 


N-C.NV 


^CH 


(2-amido-6-oxypurine). A white amorphous 
powder which can be crystallised from an ammoniacal 
solution ; insoluble in w'atc'r and in alcohol. Occurs 
widely distributed in animal tissues ; fish scales con- 
tain the crystallised calcium compound of guanine, 
and are used under the name of Peabl EesENCB in 
making artificial pearls ; guano contains considerable 
quantities of it, and serves as the chief source ; it is 
also a decomposition product of nuclein (q*v.) II 
has been obtained synthetically by heating 6-oxy» 
2 : 8-dichlorparine with alcoholic ammonia and re- 
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duGtioQ of the chlorguanine thus produced by hydri- 
odic acid. Sife I^bine. Treated with nitf'ous acid 
it yields Xa.nthine ; on oxidation with hydro- 
chloric acid and potassiuin chlorate it yields guani- 
dine and parabanic acid unites with both 

acids and bases to form salts. 

Gaano« The dung of sea birds, found in large 
deposits upon the coast of South America. The 
Chincha islands are the principal sources of the 
l^eruvian guano. It forms a valuable manure. 

Guard Plate A dish shaped piece of metal 

fixed over the rubber disc of an indiarubber valve, 
convex side downward, so as to regulate tha height 
to which the valve disc can rise. 

{Met.) The perforated plate at the top of 

the tuyere box tiiroiigh wliich the blast passes into 
the bottom of a Bessemer converter. 

Guard Rail A short rail laid parallel to 

an ordinary (railway) rail to guide the wheels of the 
vehicles where points and crossings occur ; the guard 
rail comes into contact with the llanges of the 
wheels if the latter tend to leave the rails. 

Guard Ring {Kicci.) A wide ring of metal sur- 
rounding a flat plate, so as to form a surface practi- 
cally continuons with the plate ; used in the Attmctcd 
Disc Electrometer to ensure a uniform distribution 
of electricity over the surface of the disc. 

Guards {IHnd.) Karrow strips of paper inserted 
between the leaves at their hacks, fi.fj. in albums, 
scnii»hooks. etc., so that when the hook is tilled with 
pl.ologiap'.is, or the idooes pasted on the leavt^s, tlic 
f«iro-c(lge shall not be thicker than the back 
(Juards, consisting of narrow strips of Unon, are also 
employed ff»r firmly securing plates in hooks, the 
plate being atta(!hed to the guard by means of some 
adhesive substance. 

Gudgeon (AV///.) The shaft at right angles to a 
rod, t.t» the ends of which the HLTPPiiR Blocks 
are at tael a mI, 

Gudgeon Pin (Knf).) A connecting jun such as 
that which connects the connecting r(^l to the piston 
in gas or petrol engines, ll serves as the axis about 
wliieh the rod swings as it follo\^^s the motion of the 
crank. 

Guide {Kfiff.) Any device by which an object is 
caused to follow a definite path ; it is a term of very 
wide ai)plicati(»ii. 

Guide Bars The straight bars which cause 

the SLiDia Blocks or Slippeu Blocks (^.r.) of an 
engines to move in a strai gl it line, and so priivcnt the 
connecting rod from straiping the piston rod, in con- 
Boquence of its obii(iuity, as it follow's the motion of 
the crank. See Steam Engine. 

Guide Pulley {Eng.) A loose pulley {i.e. one 
which revolves f reedy on its own axle or shaft), used 
to guide or steady a driviug belt, etc. 

Guide Screw {Eng.) The Leading Screw {q.v.) 
ota screw cutting lathe. 

GttIgnet’B Green {Dec.) One of the most per- 
manent greens known. It is made by heating boracic 
acid and bichromate of potash, and is usually known 
as Chrome Green. A mixture of rrmssian blue and 
chrome yellow is often sold for this pigment. 

Gnllloehe {Architect.) An ornament used on the 
,toru3 in classical architecture, and consisting of two 
or more interlacing bands. * 


Guillotine {Bind, emd Paper Tra/Aei). A mao^e 
for cutting book edges, paper, etc., by action ^ 
descending knife on the compressed materiiit ^Tt is 
named after the celebrated ^instrument of Piench 
capital punishment, and has almost supersedi^ tl^ 
plough and cutting press in bookbinding. 

Guinea Corn Dhubra. 9 

Guitar. Musical Instruments — String (Br 

ITand). 

Gules {Her.) The colour or tincture redf 
abbreviated to “gu”; expressed in engravings 
by perpendicular lines. See Heraldry. 

Gulf Stream {Mctenrol.) The warm current 
flowing across the North Atlantic from R.W. to N.E, 
It produces considerable effect on the climate of 
north-w^e.st Europe, which Would otherwise be much 
colder during the wrinter months. 

Gullet. See Saw Gullet. 

Gulleting {Carp., etc.) Filing out and deepening 
the hollow betw'een the teeth of a circular saw. See 
also Saw Gullet. 

Gully {Build.) A trap or cesspool into which 
waste and rain water pipes discharge. 

Gum. See Woods. 

{Chomu) Gums are amorphous, transparent 

carboh 3 "tlratc.s, whicli form a mucilage wdth water; 
insoluble in alcohol ; heated with dilute acids they 
yield sugars, and oxidised by nitric acid they yield 
oxalic or miicio acids. 

Gum Anime. A valuable copal gum principally 
received from /ianzibar. Its sp. gr. is 1 •0G8, and the 
melting point 450®If. It sells on tho Jjondon market 
from two hundred to three hundred and fifty pounds 
per ion. 

Gum Arabic or Gum Acacia. The gum is an 

exudation from the stem and branches of Acacia 
Senegal (older, Legnvihwsce) during the dry season. 
It forms rounded masses or “ tears ** of a yellowish 
col(»ur, often transparent. Its prin(;ipal constituent 
is Arabic Acid or Arabin (CgH,(, 05 ). + H„0, a white 
amorphous solid. Boiled with dilute sulphuric acid, 
gum arable yields much galactose {q.v.) It is used 
in medicine. 

Gum Benzoin. See Balsams. 

Gum, Black. See. Woods. 

, Blue. See Woods. 

, British. See Dextrine. 

Gum Copal. A generic teim applied to a lar^ 
class of gum resins, inclu<ling hard copals from India 
and the east coasts of Africa. Copals are much used 
in varnish making, and possess the property of not 
dissolving unless previously fused. 

Gum Dammar or Damar {Deo.) A soft gim used 
in varnish making. There are several varieties, one 
being white, the others nearly black. The gum is 
too soft to make oil varnishes, but is frequently 
mixed with turpentine in about equal proportions for 
special varnishes. 

Gum Elemi. A balsam used in '/Ornish making. 
It pusst'sses a peculiar jiroperty of softness, and may 
be cut by a knife. It melts at 80® F., is partially fluid 
at 10d° and wholly so at 200®. 

Gum, Kauri. A aomi-fossil gum, much used'^n 
recent years in varnish making, particularly for oak 
varnish. It exudes from a pine tree foui^ in Kew 

" 18 ■ 
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2ealazi^ (Bammant A^raUt)» It unites with lin- 
seed pU quicifer and at a lower temporatiize than any 
other resin. The melting point is 380P F. to 480** F., 
and the sp. gr. 1-070 to 1080. 

Gum Hattie. This gum oozes in the shape of 
tears from cuts made in trpes. It is used for making 
the colourless varnishes employed by artists to pre- 
serve oil paintings, and possesses the advantage that 
it may. be removed with* facility when discoloured by 
age or dirt, as the resin is readily soluble in alcohol 
OT turpentine. 

Gumming of Oils (Dec., etc,.') A condition of 

drying ** oils (such as linseed oil) which have been 
exposed to the air and have become thick or gummy 
by absorption of oxygen. In this condition they 
are dot fit for painter’s use in the ordinary way ; 
but gummed oils are sometimes added to refuse 
paint which is thinned and reground. 

Gum Pot. A vessel in which gum is melted in the 
manufacture of varnish (^.v.) 

Gum, Red. See Woods. 

, Sandarac. A resin which exudes from the 

CalUtru quadrirdlvu. Tt is liard but brittle, smells 
slightly of turpentine, and melts at 135*^ F. Used 
for special varnishes in combination with other 
gums. 

— , Sweet. See Woods. 

, Tazmania. See Woods. 

Gum Thus. The best quality of crude turpentine 
iq.v,) 

Gum Tragacanth. Derived from various species 
of Astraqalui^ and is used largely in calico printing. 
It also forms an ingredient of various agglutinants, 
such as a paste for sticking labels on a smooth 
surface. 

Guncotton or Pyroxylin {Chc^n.^ ; 

also called Cellulose Hexakitkatb or Nitwo- 
OBLLULOSB. A solid not unlike cotton in appear- 
ance ; insoluble in water, alcohol, ether ; soluble in 
ethyl acetate. It is preparc<l by the action of a 
mixture of nitric acid and sulphuric acid on pure 
cotton ; the time of immersion is short, and the 
product must be exceedingly well washed with 
water. The product is a true nitrate and not a nitro 
compound, because alcoholic potassium hydrosiilphide 
gives cotton and potassium nitrate when digested 
with guncotton. It bums readily and so quickly 
that it may be ignited .safely on the palm of the 
hand. When struck by a hammer on an anvil, the 
part struck alone detonates. Compressed guncotton 
IB ^.tonated by mercuiy fulminate (q,v.), and this is 
the way it is detonated in practice. In air it 
is burnt completely to caibon dioxide, water, and 
nitro^n ; when fired in closed vessels, as it does not 
contain sufficient oxygen for its own combustion, 
carbon monoxide and hydrogen are also produced. 
The gases produced on firing measure (at (f and 
760 mm.) about 700 times the volume of the guncotton, 
and the temperature generated is exceedingly high— 
probably over 3000° C. 

Gun Metal (^ng.) An alloy of copper and tin 
(often 9 copper to 1 tin). Used for bearings, small 
castings requiring a good finish, parts of electrical 
,machinery which must be non-magnetic, etc. 

Gunpowder. An intimate mixture of potassium 
rdtrate, sulphur, and charcoal. The nitrate and 
eulpbuT are especially porlfie^y and the charcoal is 
made from a soft wood, dogwood {Camus). The 
Igroportions vary slightly but may be taken as veiy 


nearly 75 parts of nitrate, 15 of charcoal, and 10 of 
sulphur. The materials are mixed in a moist state, 
pressed into a cake, and granulated in a speoial 
machine, and then polished — the small gndn powder, 
by simple friction of the grains against each other, 
the large grain by addition of graphite (black lead). 
Gunpowder explodes about 300° C, { the rate of 
explosion depends on the pressure under which it is 
fired ; under very low pressures it will not explode at 
all. The principal gaseous products of its explosion 
are carbon dioxide, nitrogen, oarbon monoxide, 
hydrogen, sulphuretted hydrogen, and marsh gas. 
The hydrogen is furnished by the moisture in the 
powder and gases occluded in the charcoal used in 
its manufacture. The principal solids arc potassium 
carbonate, sulphate, sulphides, and sulphocyanate. 
Tiie volume of gas produced is about 300 times that 
of the pow'der, tlie gases being measured at 0°and 
760 mm.; the temperature is estimated at about 
2000° C., and the pressure produced varies with the 
ratio of the volume of powder to the capacity of the 
containing space. When this ratio is 1, the pressure 
is about 43 tons to the square inch. 

Gurgoyle {Architect.) See Gabgoyle. 

Gurjun Balsam. A resinous exudation from the 
base of the stem of Bipterocarpm Iccvis (order, 
B] pterooarpacem). It is used as a varnish under the 
name of Wood Oil. The tree is a native of the 
Kast Indies. 

Gusset (ylrta.) Poitions of chain mail used in 
plate armour at the joints, e.g. armpits and ankles, 
to allow of greater freedom than a plain hinge could 
afford. 

{Eug^ A bracket or stay U8€»d to strengthen 

the joint between two surfiicos which meet at an 
anglo, the gusset being in a plane at right angles 
to both. 

{Her.) An abatement of honour; portions 

cut out from t he side of a shield. An ancient charge 
fallen into disuse. 

Gusset Plate {Hng.) A mucli used form of end 
stay for boiler plates and hci,ds, being corner plate 
stays as opposed to jUirrup and rod stays. They 
should always be joined by double angles with 
rivets in double shear, not less tljan 4 in. apart. 
In reason, the greater the distance apart the better, 
in order to afford “plky or breathing” and avoid 
grooving {q.v ) 

Gut Bands {Bng.^ etc.) Driving belts of catgut 
arc used with small and fast running machines, for 
belt driven motor cycles, etc. 

Gntta {Architect.) Small droplike ornaments 
formed on the soffit of the mutules and under the 
triglyphs in the Doric entablature. The guttm in 
the Greek Doric entablature are much shorter than 
those used by the Homans. See CAPITAL OF QVTT.a 
and Architecture, Orders of. 

Gutta Percha. The saplike gum collected from 
various trees {Sapotacca) growing in the Indian 
Archipelago, but chiclly from BichopHi gutta. .It 
differs from rubber (caoutchouc) in being plastic, but 
not elastic ; nor can it be vulcanised. It is collected 
from trees felled immediately after the rainy season. 
Owing to the fact that it is not aJSected by caustic 
alkalis or by dilute acids, gutta percha is used in the 
manufacture of syphons, funnels, and other chemio^ 
apparatus, while its acoustic properties render it 
suitable for stethosoopic and other aural instruments. 
It is also nsed to form driving hands for snuill 
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machine^, and eztensiTely as an insulator in tale* 
It is also the medinin now used for znaking 
the blocks in electrotyping, 

Onttea or Oonttes (ffer.) From the Latin guttaf 
a drop. A field may be covered with gonttes. They 
are of several tinctures, viz. Guttle d’or, de larmes 
or d’eau, du sang, de vert or d’olive, and de poix. 

Gutter (jBuild.) A channel to carry off the rain 
from a roof. 

{Print, and Bind.) Another term for the 

** back ” or inner margin of the printed page of a 
volume, 

Guttw Bearers {Build.) The pieces that support 
the glitter boards. 

Guttiferas {Botany), A tropical Dicotyledon 
order whose timbers, resins, and fruits are of 
value. 

Guy Rope. A rope that keeps a derrick vertical. 

Guae {Her.) A roundlet of “murry” or “san- 
guine,” blood colour ; a chfxrge now seldom used. 

GymnospermsB (Botany). A great division the 
seed plants, differing from the flowering plants in 
the characters of tlie carpels and ovules. The Coni- 
fers are the best known members of the division. 

Gynssceum (Botany), The term applied to the 
•carpels of a flower. 

Gypsum (Min.) Hydrous snlpliate of calcium, 
Ca80,.2noO. Tiime =* sulphuric acid=4U*5, 

water =a 20 *i) |>er cent. C^rystaHiscs in the monosym- 
niotric system (Sjslenitb). More often massive and 
granular in betls, or fibrous in veins. Can be 8cratc]i’'.d 
by the nail. Colourless to brown. It is used tc 
some extent to harden the water in brewing, but 
chiefly to make plaster of Turis ; for this purpose it 
is heated, to drive off water, and then ground. 
On the addition of water, hydration takes place 
and it sets. Phom many parts of Enghind, and 
largely from Mont.martrc near Paris. 

Gyration, Centre of. Bee Pendulum, 

Gyronny (Tier.) A field divided into several 
parts of gy«)ns. A gyron is one of the ordinary 
divisions of a shield. 

H (Blect.) (1) A general symbol for the Mag- 
JI33TJSINO FoitOE (f/.v.) at a point ; especially (2) the 
Horizontal Tntenhjty of the Earth’s Magnetic 
Field. See Horizontal Force. 

(Music). The German name for BJj. Their B 

is our B|). 

Haoking (Plast.) Boughening the surface of a 
brick wall with a hammer to form a Key (q.v.) for 
the plaster. 

Haoking Hammer (PlaH.^ A plasterer's hammer, 
used for cutting away old plaster, etc. 

Hackling (LiTien Manufac.) The rough flax as it 
•comes from the scutch mills requires to be combed 
to free it of all short and twisted fibres, and to split 
up all parcels of fibres that may be sticking together. 
The fi^t hackling is called Roughing, then finer 
combs ore used, or Machine Hackles may take 
the place of finer hand hackles. After hackling, 
the flax is a nice straight silky fibre. Sec Linen 
Manttfacturb. 

Hndi Off (Plait.) To cut away old plaster with a 
hammer. 


Hack Saw (Bny.) A narrow saw of hand ste^ 
stretched on a frame ; used for cutting metala. 

Haddock. A food fish of the cod tribe, tfadsu 
wylejimts (family, Qadidai), attaining a large aiae „ 
in northern seas, and eaten in a fresh or smoked 
condition. 

Hade (Geol.) Originally a miners' term for the i 
inclination measured from the vertical of the plane * 
of a Fault (y.v.) This varies very much in different 
cases, and may be different in various parts of the 
same fault if the rocks through which the fault 
passes happen to show a wide range in petrographioal 
characters. 

H8Bmateliii((7^m.), Lustrous dark*green 

solid, or, when powdered, a lustrous reddish brown 
powder; sparingly soluble in water and alcohol. It 
dissolves in ammonia with a purple colour. To 
obtain it, hematoxylin (q.v.) is cautiously oxidised 
by nitric acid. It is to the formation of this sub- 
.stance from the haematoxylin of logwood that the 
dyeing ])owers of the latter are due. With chrotninm 
and iron mordants it dyes black on silk, wool, and 
cotton. 

Heema^in H.£aiogloj^in. 

Haematite (Min.) Ferric oxide, FegOj. Ironw 
70, oxygen = 30 per cent. Also called SPECtTLAB 
Iron. Rhombobedral. Crystals steel blue to black, 
blood red if very thin ; massive varieties are blood 
red ; both have a characteristic blood red streak. It 
is an important ore of iron, occurring in irregular , 
replacement deposits in limestone or in calcite veins 
underlying rooks containing hiematite in a dis- 
seminated state. The variety Kidney Ore is so 
called from the reniform shape of the masses. 
Reddle is an earthy variety. Specular Iron is 
so called from the mirrorlike surfaces of the 
crystals. Besides being used as an ore, this mineral 
is u.sod in jjulishing and burnishing, both in the mass 
and when powdered. It occurs in large quantity in 
West Gumborlaiid and North liUnoashire, but much 
of the so-called hicmatite of this district is really a 
ferric hydrate relateil to Turgite (q.v.) Also in the 
south-west of England, in Elba, and in Missouri, 
U.S.A. 

Hamatoporphyrin (Chem.) See Haemoglobin. 

Hesmatoxylin {Cluim.\ C,ylIj^Og. A colourless 
crystalline solid wliich becomes red on exposure to 
light; spaiingly soluble in cold water, readily inj^ot 
water, in alcohol, and ether ; it has a sweet taste ; it 
is dextrorotatory. The acid solution is yeRow ; the 
alkaline solution is purple ; the neutral solution is 
colourless. It is extracted from logwood by aqueous 
ether. On gentle oxidation it yields HaEMATEJn 
(jf ,«?.), and on this property the dyeing iiropertics 
of logwood are based. In fusion with potash it 
yields Resorcin (q.v.) and pyrogallic acid; it forms 
a penta-acetyl derivation. On oxidation of its 
tetramethyl derivative it yields, among other pro- 
ducts, metahemipinic acid— 
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On these and other grounds Perkin proposes the 
formula 



HsBmatoxylon (^Dotant/). II. eamjH'cldannm^ a 
leguminous tree of tropical America, yields the 
logwotxl of commerce. 

HflBmin (Chefn.) iSee Haemoglobin. 

HflsmoohFomogeii Haemoglobin. 

HsBinooyanin (^Chem.') A substance found in the 
blood of certain molluscs and Crustacea. Like 
haemoglobin it absorbs oxygen, but is turned to a 
beautiful blue colour by it ; this is due to the fact 
that it coiitJiins copper instead of iron, which is 
contained in haemoglobin. It is a proteid. 

HaBmoglobin. The red colouring matter of the 
blood of vertebrates ; it is the principal consriluent 
of the red corpuscles. It may he obtained by adding 
salt to blood and separating the corpuscles by a 
centrifugal machine, then treating the corpuscles 
with a little ether. On allowing the ether to evaporate 
the hasmoglobin crystallises out. Haiinoglobin pre- 
parations from the blood of dillercnt animals show 
differences in solubility, in crystalline form, and in 
ease of crystallLsation : that from most animals 
crystallises in prisms, but that of the guinea pig in 
ootaliedra. The hasmoglobin of rat or dog blood 
crystallises more readily than that from human 
blood. Chemically, hajmoglobin appears to be the same 
au1t»fitance, whatever Its source, lliemoglobin con- 
tains carbon, hydrogen, nitrogen, oxygen, iron, and 
jsulpliur. It combines (molecule for molecule) with 
oxygen, carbon monoxide, and nitric oxide. In tJic 
blood it exists as li3Bmogh)bin (sometimes called 
reduced liiemoglobin), and combines with (.)xygen to 
form oxyhajmoglobin. From its content in iron and its 
union with carbon monoxide a minimum molecular 
weight of 16,669 has been (lalculatcd for haemo- 
globin, and from this value for its molecular weight 
and the percentage of its constituent elements tluj 
formula C;^H^.jQ5,N,j50.,,yFeS, has been calculated 
for it. As these results were obtained with pure 
recrystallised material, they are probabl}" near the 
truth. It gives the same precipitation and colour 
reactions as the albumins (q.r.) Iliemoglobin is the 
oxygen Cfurrier of the blood , in the lungs it is changed 
to oxyhicmoglobin, and the bright red cvjlour of 
arterial blood is due to this compound. The oxyhse- 
moglobin gives up its oxygen to the tissues, and is 
reduced to hsaemoglobin, the dark red colour of venous 
blood being due chiefly to haBmoglohin, but not 
entirely, as venous blood contains some oxyluemo- 
globin. This absorption and giving uj) of oxygen 
can be imitated artificially. A bright red solution 
of oxyhsemoglobin gives up its oxygen under the 
receiver of an air pump, and changes to a dark red 
solution of haemoglobin, or the same change can be 
brought about by passing a stream of an indiflEerent 
gas, such as nitrogen or hydrogen, througli the 
oxyhaemoglobin solution ; tlien, on exposing the 
haemoglobin to air, or passing oxygen through it, 
tbe dj^hfiemoglobin is reproduce. The compound of 
haemoglobin with carbon monoxide |(carboxyhaemo- 


globin) is produced when carbon monpxide is 
passed through a haemoglobin solution. It has a 
cherry red colour, and is far more stable than 
oxy hasmoglobin, and is formed in the blood when air 
containing carbon monoxide is inhaled. Should half 
the haemoglobin of tho blood be transformed to 
carboxyhaemoglobin, death results ; but when less than 
this amount is transformed, oxygen can still decom- 
pose the carboxy compound, and recovei^ follows. 
Haemoglobin ciin combine with oxygen in a much 
more stable way than when it forms oxyhsemoglobin. 
This stable oxygen compound is called motbasmo- 
globin, and it is formed when oxyhaemoglobin is 
allowed to stand; also by a large number of sub- 
stances, some of which are oxulising agents 
(c.17. potassium chlorate and nitrate) and reducing 
agents (<?.//. liydrogcn and pyrvigallic acid). Potas- 
sium forricyanide - an oxidising agent — is generally 
used to produce raethaemoglobin. It does not give 
up oxygen under reduced pressure, like oxyhasino- 
globin. Ammonium sulphide and Stokes’s ref^eiit 
(a solution of ferrous sulphate and tartaric acid to 
vvliich ammonia has been addctl) transform methsenio- 
glopin first to oxyhairnoglobin, then to haemoglobin. 
Jlsemoglohin and all it» deri\aiivos mentioned above 
show characteristic absorption sp(*,ctra. The carboxy- 
haemoglobin spoctrnm is used as a test for carbon 
monoxide in air, and though it rather resembles thci 
ox^diiemoglobin spectrum, it is sharply distinguished 
from the fatter by remaining unchanged on addition of 
ammonium sulplihle to tho solution uiidor examination, 
while the oxyhsemoglobin spectrum changes to that of 
haemoglobin. Ilfemoglobin on treatment with dilute 
acid is resolved into an albumin globin and a sub- 
stance haunatiri, which contains all the iron of the 
haemoglobin, llteniatia is obJ .'lined in the form of its 
crystallised hydrochloride, 'Villed lueniin (Tei<'hmann’s 
blood crj'st'iis), by treating coagulaitjd blood ct)r- 
pusclcs with amyl alcohol and h.ydrochloriCx acid. 
Tl»e ftvrmaiion of these crystals constitutes the most 
reliable test for a stain supposed to be due to bkmd. 
On treatment with ctiustic soda and j .recipitation W'ith 
hydrochloric aedd, hiemin yields htematin as a blue 
black amorplious solid, wliioh is easily soluble in 
alkalis and in acidified alcohol. Its solutions show 
different absorption spedra according** as tliey are 
alkaline or acid, the acid s[X)ctrum resembling that 
of metluemoglobin. Take liaimoglobiii, hasiiiatin can 
combine with oxygen; in fact, the oxygen compound 
is generally called hnematin, while the oxygen free 
compound is called reduced luematin or lucmwhro- 
mogeii. When haematin hydrf)chloridc (hmmin) i» 
treated with an acetic acid solution of hydroge.n 
bromide, and the solution gcntly.warmed, a compound 
called baeniatoporphyrin is formed. Tliis substance 
has the formula C^Jh^O^N, : the hmmatin has given 
up iron. From l:>oth haimatoporphyrin and haiinatin 
there is obtained by oxidation the anhydride of 
the tribasic ha'matinic acid, which is identical 
with methyl-jS-carboxyethyl maleic acid anhydride ; 

CH,.C - CO 

II > 0 

COOH . CII^OH, C - CO 

From hromatin by reduction with hydriodic acid 
and phosphonium iodide there arises first mesopor- 
phyrin, C^Hj^gO^N^, and then hsemopyrrol, which is 
^j^-methylpropylpyrrol, and yields on oxidation 
methylpropyl maleic acid imide : 

CH,.C«CH CH,.C-CO 

1 > NH II > NH 

CH,. CH, . CH, . C « CH CH,. CH,. CH, . C - CO 

See PHYLLOPOBPHYltlN. 
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HatfloMope (^ArelfMeet*') An oblique opening fre- 
qnetmy found on one or both sides of the chancel 
arch in a church to enable persons in the aisles 
and transepts to sec the performance of certain 
ceremonies at the altar. These openings are also 
known as Bqutkts. 

Ha-ha (^ArvMttrt..^ eto.) A boundary fence sunk 
in a hollow. 

Hail {MetewoL) Ice crystals forming masses very 
much denser than snow. Tlu;y are caused by rain 
drops becoming frozen in their jjassage through the 
air. Sections of them show that they pass through 
several distinct cold air strata. 

Hailstones (^Meteorol.) Are generally of a conical 
or round form, and when cut across are composed of 
layers of clear and opaque ice with a snowy nucleus. 
They vary in size from a small shot to several inches 
in diameter. Sec Hail. 

Haip Compass A small pair of spring 

compasses with a fine adjustment actuated by a 
set screw. 

Hairline {Textile ^annfac^ A fine Stripe made 
in woollen and worsted Yarns. A standard fabric in 
the west of England. 

Hairline Letter {Typotf.') A very thin-faced 
type, olten used tor lettering mounts. 

Hair Pencil {Pa\tit.') A painter’s brush ; the hairs 
are generally motinted in a quill for watercolours, 
and in a metal tube for oils. 

Hair Side {Leather). The side of a skin on which 
the liair grew, i^e. the outer side. 

Hair Space {Typoq.') The thinnest space used by 
printerh, often used lor .spacing headlines of books. 

Hair Spring ( Watehe.'t). Balance Spring. 

Hake {Xooloyy). A food fish of the cod tribe, Mer- 
lucehifi vulgar}}^ (family, Gadithc)^ found largely on 
the coast of C’ornwall. The fltjsli is eaten fresh or 
salted. 

Halation {Photo.) A blumng of the image; an 
encroachment of the high lights on the darker por- 
tions next to them ; caused by rollection from the 
back of the plate. In order to prevent this, some 
material is apfdied “ in optical contact with the 
glass” which will absorb those rays that act chemi- 
cally upon the sensitive surface, Tlie substance 
which answers best is probably asphaltum. 

Halberd or Halbert A weafion used 

’during the fifteenth and sixteenth centuries. It 
con8ist>c<I of an axe with a spike or spearhead at one 
end, the other end licing attached to a handle or 
staff about (1 ft. long and in line with the spike. 
Hubsequently it was used by bodyguards for display. 

Halecrety Allecret {Cost.) Idght plate armour 
forming two corslets, lighter than a cuirass, and 
worn alike by horsemen and footmen in the sixteenth 
century. 

Half Bound {Binding'). Books with leather backs 
and comers and cloth or marbled paper sides, as 
distinguished from books wholly covered in leather. 

Half Gate {Typog.') A small case used for jobbing 
work. 

BLalf Centro {^ng.) The position of an engine 
crank when at right angles to the line of the 
piston rod. 


Half OloBO {Music). Another term for 'imperfect 
cadence. See Cadence. 

Half Lap Coupling (A^ny.) Two shafts connected 
by a half lap joint {q.v.) 

Half Lap Joint {Eng., Ca/rp., etc.) A joint in two 
pieces of material which are in the same straight 
line with each other, the joint being formed by 
cutting away a portion of the material in each of the 
parts to be joined ; the portion rcmijvcd is equal to 
half the thickness of each of the members. Also 
termed Halving. 

Half Length ( Art). A portrait representing only 
the upper half of a person. 

Half Period Zones {Light). In order to deal 
with the problem of illumination at a given point 
due to a light wave from a luminous source, it is 
convenient to divide up the advancing wave front 
into small portions known as half perio(i elements or 
zones. Let h be the perpendicular distance from the 
given point to the wave front. Then if \ be the wave 
length of the light in question, a cuivc may be drawn 
on the wave front tljrough all t.he points whose dis- 
ifinco from the given point is J + .J- X. Tlie area 
included in this curve is the first half period ele- 
ment. Lqt the process be repeated for points whose 

distances from the given point are h + h + 

etc., in this way marking out a scries of annuli 
which constitute the second, third, fourth, etc., 
elements. In the case of a spherical wave, these 
elements are all of equal area, and their usefulness 
depends upon the fact that the wave disturbance at 
the given point due to any element is, on the whole, 
in opposition to the effect of the next consecutive 
element, and thus the effect of the whole wave can 
be expressed in terms of these half period components. 

Half Plain Work {Build.) The labour expended 
on the bed and side joints in stone walling. 

Half Plate {Photo.) A plate measuring in. 
by in. 

Half Poptees {Silh Mann far.) See PoBTKE. 

Half Rip Saw {Carp. a7id Join.) A saw used by 
join(;rs for cutting wood in tlie direction of its fibres. 
It has about three to four and a half teeth to the inch. 
St'e Saws. 

Half Round File {Eng.) A file fiat on one side 
and convex on the other. 

Half Secret Dovetail {Join.) A dovetail of the 
form used in a drawer front; it is concealed in a 
front view, but visible in the .side of the drawer 
when drawn out. 

Half Shrouding {Eng.) A flange on a spur wheel 
which extends up to the pitch line, or half the depth 
of the teeth. Se^e also Shrouding. 

Half Space {Carp, and Join.) A landing equal 
in size to the width of the staircase. 

Half Stuff {Paper Majiufax.) A name given to 
partially beaten pulp obtained during the manu- 
facture of paper. 

Half Timbered Work {Build.) Buildings in 
which the walls arc formed 01 frames of timber, 
the panels being filled in with brickwork. See a2eo 
Frame Houses. 

Half Tint. See Half Tone. 
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iUlf Title (Typog,) The snb«titlet it precedes 
the fall title in a book. 

Half Tone (Art), A tone intermediate between 
the most marked tonds in a picture, etc., te. 
between the extreme lights and the extreme 
shadows; the lighter shadows of a picture, photo- 
graph, etc. 

Half Tone Block. See under Pbogess Work. 

« Half WaTO Plate (.Light). A plate of doubly 
refracting ci^^stal, capable of splitting up a plane 
polarised ray into two portions, one of which is 
retarded half a wave length with respect to the 
other. 

Hall Bffect {Phys.) Suppose a steady current is 
flowing through a very thin metal plate, and let two 
points, transversal to the line of flow, bo connected 
to a galvanometer. Tlicse points of contact can be 
adjusted until there is no deflection, showing that 
they are on the same equipotential line. Jlall dis- 
covered that under these circumstances a deflection 
of the galvanometer is produced, if the plate be 
placed in a strong magnetic field at right angles to 
the lines of force, which shows that an alteration 
takes place on the stream lines of current in the 
plate. The direction of the transverse E.IM.F., wliich 
produces this effect, varies with the metal used; in 
iron, antimony, and zinc its direction coincides with 
the direction of the. mechanical force exerted by the 
field upon the plate carrying the current, and the 
opposite is the case in bismuth, gold, and nickel. 
The magnitude of the E.M.K. is proportional to the 
. strength of current in the plate, to the strength of 
the magnetic field, and inversely proportional to 
the thickness of the plate, and in any case is small 
and difficult 'to observe. The effect is almost cer- 
tainly due to the deflection of the moving carriers of 
tho current or “electrons” (y.r.), and is intrinsically 
the same as the more easily observed defle()tion of the 
“ cathode rays ” by a magnetic field. 

HaloflenB ( Chem.) The four elements. Fluorine, 
Chlorine, Bromine, and Iodine arc called the 
HaL0(tENS. They all form salts with sodium and 
potassium, and these salts bear a resemblance (o 
sodium chloride, hence the name, which means 
literally sea-salt producers. 

Haloid Salts (Cltenu) The fluorides, chlorides, 
bromides, and iodides of the metals. In organic 
chemistry the compounds formed by the union of the 
halogens with alcohol radicals are often called 
Haloid Esters. 

>(t Halos (Mt^forol.) Large circles formed round the 
moon or sun when viewed through light clouds. 
They are due to refraction, and may be either white 
or prismatic (rainbow coloured). Sometimes bright 
circles are formed on them, termed Mock Suns or 
Parhelia, and Mock Moons or rABASELENiS. 

Halviiifl (Carp,y etc.) See Half Lap Joint. 

HamamelidaoesB (Botany), A subtropical natural 
order allied to the Bomeem, Jts species yield woods 
(Liquidamha/r)^ resins (Storax\ and medicinal pro- 
ducts (IlavuiTneli, witch hazel). See aUo Satin 
Walnut, \mder Woods. 

Ham Hill Stone. See Building Stone. 

Hammer. See Hammers. 

Hammer Beam (Carp, <md Join,) See Boofs. 


Hammer Dressed Stones roughly shaped 

with a hammer at the quiury. 

Hammer Heeded 

Key C Carp, and Join,) 

A key with a projec- 
tion for wedging. Its 
general form is as 
shown in the figure. 

Hammerman(7;7»y., 
etc.) (1) The work- 
man who manipulates 
the steam hammer in a forge. (2) An assistant to 
a smith, who uses a double handed or sledge hammer. 
(3) One of a set of men in a coal mine who fall 
the coal by means of wedges driven into holes. Also' 
known as a Driver. 



Hammer Usadkp Ksy. 


Hammers. A hammer consists of a suitably 
shaped IT BAD of iron, steel, or iron faced with steel, 
provided with a handle or shaft of ash, lanccwood, 
or some similar wood possessing strong springy 
fibres. Hammers vary in size, from those used by 
watchmakers up to the heavy sledge hammer weigh- 
ing 14 lbs. or more. The most usual form has a flat 
surface or Face at one end of the head, used for 
.striking a blow ; the other end of the head is formed 
into a 1‘ANE (also termed PEEK, Pene, or PiN), and 
is modified into many different forms for special 
purposes. A and B (fig. 1) arc ordinary Joiners' 



Fig. 1. 


Hammers; c is a Claw Hammer, in which the 
pane is formed into a claw possessing a V-shaped 
slot used for drawing out nails. D and G are 
hammers with a ILVll Pane, used by engineers and 
smiths. E is a form used by upholsterers; various 
modifications ot this form arc also used in allied 
trade.s. f is a Double Headed Hammer, used for 



many different purposes, e,g, by joiners for driving 
home the tenons in a piece of framing, and termed 
by them a Framing Hammer, h is a Sledge 
Hammer, which may be made double headed, or 
may have a pane with its edge parallel to the handle 
(Straight Pane) or at right angles to the handle 
(Cross Pane)* A sledge hammer is provided with a 
long handle, and is usually wielded by a hammerman 
or striker, who uses both hands to swing it, the tool 
or work which is to be struck being held and manipu- 
lated by the smith or other workman. In addition 
to the hammers here described, a variety of forms 
are used by tin and copper ‘smiths, artistic workers ia 
metal, and in many other arts and trades. 
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MMiaOB^V Softla (^2^0 The oxides of iron formed 
on the surface of iron in the forge, rolling mills, eto. 
The scale contains two oxides, iPeO and Fe^O,, in 
▼ar 3 ring proportions. 

Bbiaap (Archaol) A mediaeval wine cup or goblet, 
often made of precious metal highly decorated. 

Hand (Her.) A charge often borne in heraldry. 
The Badge of ulster is a bloody hand. See ULSTER. 

Hand Oamera (Photo,) A camera that is held in 
the hand while photographing the subject. Fitted 
with a quick acting Ions and shutter, and provided 
with either a set of dark slides, roll film holder, or a 
receptacle capable of containing plates or films, and 
a device for changing these after each successive 
exposure without the use of a dark-room. 

Wand Feed (Eng,) The regulation of the rate of 
cutting in machine tools by the liand of the operator, 
as opposed to automatic or Power Feed. 

Hand Float (Plast.) A rectangular wooden blade 
with a “hand” fixed to it. Used for “floating,” 
i,e, levelling and smoothing the surface in plastering. 

Hand Hole! (Eng.) Small hole.s in boilers, etc., 
through which the hand can be inserted for cleaning 
out the interior. 

Hand Ladle (Ffmndrg), A ladle for carrying 
molten iron ; small enough to be carried by one man, 
and holding about fifty pounds weight of iron. 

W an d Letters (Bind.) Alphabets of letters cut 
on bnws stem.s set in wooden handles for ** lettering” 
or placing the titles on the backs of books. Tlioy are 
used singly, but brass type can be set in a line. 

Hand Machines (Ewj.^ He.) Small machines 
driven by hand as distinguished from those driven by 
power. 

Hand Hade Paper. Paper made entirely by 
haiul. It is of better quality and more exr>ensive 
than machine made paper. See I^aper Manufac- 
ture. 

Handrail (Joijiery). The rail running along a 
staircase, landing, etc. HandraiLs arc spoken of as 
BlOHTorLEFT, according to which hand rests natur- 
ally on tlie rail when CLxcvnding the staircase. 

Handrailing (Joinery). (1) A Handrail 
(2) The process of designing and constructing hand- 
rails. 

Handrail Punch. A punch for tightening up a 
hanrlrail sci'ew iji.v.) 

Handrail Screw (Joiiwry). A small screw or bolt 
used in making a joint l)etwcen two lengths of hand- 
rail. The nut is cylindric.'il, and posses.ses grooves or 
notches in its periphery, into which a handrail 
punch is inserted through an opening in the under- 
surface of the Kiil, in order to turn the nut and screw 
it up so as to make a tight joint. 

Hand Rest (AX//.) The T-shaped rest for supporting 
hand-turning tools in working at a lathe when a 
slide rest is not used. 

Hand Roller (Typog.) The roller sometimes used 
to ink type by hand when pulling a proof. 

Hand Saw. A carpenter’s tool for cutting timber 
across its fibres (grain). It has about five teeth to 
the inch. See. Saws. 

Hand Screw (Jemerg^ etc.) A wooden cramp 
worked by two handles with threads on them. Used 
for holding glued work in position while the glue 
is setting. 


Hand Tooli Those wtioh can be, h^ W 

the hand or which are actuated by hai^. 

Hi^er or Hang Down (Eng.) A frame for ftus* 
^nding a bearing from a p>of or beam, " 

(^Foundry), The sling which supports h^avy 

weights in the foundry ; 'the upper ends of the rods 
of the sling are attached to the travelling crane. 

Hanging Committee (Art). A committee charged 
with the duty of banging the pictures selected for 
an exhibition. At the Boyal Academy the hangings 
committee consists of eight AcademicioDs, including 
one sculptor and one architect. 

Hanging Steps (Build,) Stone steps having one 
end built into a wall. 

Hanging Style (Carj). and Join,) The style of a 
door which has the hinges fixed on to it. 

Hank (Limn Manvfeuj,) A hank is a bunch of 
reeled yarn, usually containing 12 outs of 300 yards 
each in Ireland ; in England 10 outs of 800 yards are 
made up as hanks. See Cut. 

(^2\'aetile Manufae.) The number of yards 

which determines the counts or thickness of a 
thread. Cotton and Spun Silk Hanks contain 
840 yards ; a Worsted Hank, 600 yards. 

Hannay’s White Lead (JJeo.) A brilliant white 
pigmejtt almost non-poison ous. It is produced in 
the form of a very fine powder direct from galena or 
lead ore. Made by volatilising the galena and passing 
it through oxidising chambers, whence lead sulphate 
is formed in fumes. The pigment is claimed to 
ix»ssess superior qualities to ordinary white lead (jr.t>.) 
made by the Dutch Process. 

Harboup (Ciril Eng.) An anchorage for ships, 
usually formed by a natural opening in the coast 
line, protected if necessary by artificial barriers or * 
breakwaters. ^ 

Hard Bpaas (Met,) Brass which has not been 
annealed, or which lias been hammered ; it is much 
more elastic than soft or annealed brass. 

Hard Core (Build.) Broken bricks, etc., used for 
filling up cavities, th6 foundations of roads^ *and 
similar purposes. 

Hardening (Met.) Applied to steel it refers to 
the process of heating and sudden cooling which 
gives the maximum amount of hardness to the 
metal. This is afterwards modified by Tempering 
( jr.r.) 

Hardening Liquids (Eng.) The liquids used in 
cooling steel to iiardeii it. Pure water, oils, and 
water with various siilts dissolved in it are usedr; 
the advantages of the latter are very doubtful. 

Hafd Iron (Eng.) Castings of suitable brands 
of pig iron, mixed with scrap iron, can be made 
specially hard for use in parts of machines subject 
to much friction and wearing, such as wheel teeth. 

Hard Kiln (Pottery). This is of the form of the 
enamel kiln, vie. muffle, but it is fired at a tempera* 
ture between that of the enamel kiln and the glost 
oven. 

Hard Lead (A%., ete.) Lead containing various 
impurities (antimony, etc.) becomes much hairder 
than pure lead, and is useless for many purposes. 

Hardness (il/m.) The hardness of a mineral is 
determined by noting which of the standard minerals 



HAB 


280 


HAK 


the specimen may be scratched by, and which of the 
ten it will scratch. The standards are : 

(1) Talc. (6) Felspar. 

(2) Gypsum. (7) Quartz. 

(3) Calcite. * (8) Topaz. 

(4) Fluorspar. (9) Sapphire. 

(5) Apatite. (10) Diamond. 

Hardness (of Water). Sec Wateb, Calcium 

Compounds, Clabk’s rsocBSS, and under Sani- 
tation. 

Hard Packing V/Vpog.) A system of “making 
ready ” (^r.v.) which dispenses with the blanket, and is 
chiefly employed in printing on calendered papers. 
Illustrated magazines are generally ])rintcd by this 
system. 

Hard Paste (Pottery'). The term “ Hard I’aste ” 
implies the reverse of Soft Paste. The body is more 
natural in its composition. The bisque is burned at 
a low temperature, leaving it porous and non-trans- 
lucent. After glazing it is burned at a high tempera- 
ture, which melts the glaze into the body. The body 
is thus rendered non~porous and translucent \ the 
glaze is ** hard ” and is absorbed into the body. 

Hard Paviors (Build.) Malm bricks, over-burnt 
and slightly blemished in colour, used for paving, 
coping, etc. 

Hard Solder Various alloys contain- 

ing silver, copper, zinc, etc., used in brazing ((j.v.)y in 
sohlering jewellers’ w»ork. and other purposes where 
a very close, neat, and strong joint is rtvjuired. The 
difference between bard and soft soldcm is chif‘fly 
due to tlic ab.scnce of lead in the former: conse- 
quently the melting point of hard solders is much 
higher. 

Hard Stock. See Bbicks. 

Hard Water. Sre Wateb, Calcjium Compounds, 
CLitaK’s PROCKSS. and under Hanitation. 

Hard Woods (Carp,^ etc.) Tliis term is loosely' 
applied to most woods, other than the coniferous 
woof Is (pine, deal, etc.), but it has no exact signifi- 
cance. See Woods. 

Hargreave's ProcesB ( Chem.) A process for the 
direct conver.-sion of comm.on salt into sodium 
sulphate without the intervention of sulphuric acid. 
Sulphur dioxide, air, and steam are passed over 
cakes of common salt contained in iron cylindons, 
kept at a temperature of about C. The gases 
are passed over the salt in such a manner that the 
freshly introduced gas comes in contact with salt 
which is nearly converted ; and tlie gases which are 
nearly used up, with fresh salt. The sulphur dioxide 
is obtained by burning iron pyrites. 

Harmonic CnrYe {Phys.) The curve obtained when 
simple harmonic motion is represented by plotting 
time as abscissae and displacements from zero position 
as ordinates. It may also be deflned as the curve 
obtained by compounding a S.H.M. in a given direc- 
tion with a uniform linear motion in a perpendicular 
Erection. The simplest fomo of the equation to the 
curve is y ss a sin where a represents the 

2ir 

maximum amplitude and the periodic time, and 

hence it is known as a “sine” curve. Its great 
importance knd usefulness depend on the fact 
(discovered by Fourier) that any periodic curve 
whatever may be analysed into a series of super- 
posed harmonic curves, and thus made amenable to 
calculation. See Foubiee’s Sebies and Habmonic 
Motion. 


Harmonic Law (Aiftron.) The name of the third 
law of motion discovered by Kepler in the seven- 
teenth century ; ntfmely, the squares of the periods of 
the planets are proportional to the cubes of their 
mean distances from the sun. 

Harmonic Motion^ Simple (Phys.) A type of 
oscillatory motion deriving its name from its vjery 
geneial occurrence in the vibrations of bonics 
emitting musical sounds when the amplitude is uot 
too great. It is completely defined by the two con- 
ditions : (1) the acceleration of the moving mass is 
proportional to its disi>laccment ; (2) the accelera- 
tion is always acting towards the position of rest. 
The time of one comp lete vibration is given by 

T = 2ir A / and above definitions show 
V Acceleration 

that this isa constant quantity. As instan<?es of motions 
of this type may be mentioned the ])oint of the prong 
of a tuning fork, or a point in a vibrating string; 
vibrations of a weight suspended by a spring; 
oscillations of a pendulum, etc.; it being assumed 
in each case that the amplitude is small. The 
resultant of two harmonic motions at right anglo.s, 
of the same period and amplitude, but differing 
in phase by a quarter of a period, is a uniform 
circular motion, and hence arises a simple metliod 
of representation. For if a point P (fig. 1) be 
supposed to move with uniform 
velocity in a circle (termed the 
Circle OF JIbfebbkce) whose 
radius oa is equal to the 
Amplitude of the vibration 
(where amplitude = niaximiun 
displacement from position of 
rest), the point X, or fool of 
the perpendicular from this 
point upon Ihe diameter AB, 
mo VC.S backwards and forwards Piu. i. 

with a simple harmonic niotion 

in the time of one complete revolution of P : this 
tiinii is termed the Teeiodic Time, and usually 
denoted by T. Wc may express the same facts in 
mathematical symbols as follows: The dlsUincc ox 
(which may be dtuioted by o'), termed the Displace- 
ment, is equal to OA ce.-, AOP, or r cos 0. Now ^ is 
the angle through whicli the line OP has turned in 
a given time ; let this time be and let the angular 
velocity of op bt* q>. Then 0 = toU and a? — r cc)S wt. 
The displac;eipent may therefore be representc‘d by 
a curve, of which the abscissa is proportioned to 
t and the ordinate to cos <at. A siinilar curve in 
which the ordinate is proportional to Sin ut is shown 
in fig. 2. 



Flo 2, 


The displacement is zero when i = o ; it increases to 
a maximum which is equal to r, the amplitude, when 

t =: I (that is, after a quarter of a revolution of the 
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point p}»and falls to zero again when when P is 

3t 

at B (6g. 1)« and then attains the value — r when^ 

returning to zero after an interval T, when p has again 
reached A. This curve is a Sine Curve (or Cosike 
Curve). The angle which op makes at any given 
instant with som’e arbitrary fixed line is termed the 
Phase of the point which is executing tlio simple 
liarmonic vibration. Thus if we take OA as the fixed 
line, the phase of the point x is the angle poa, which 
equals 6 or tat, 

. HarmonlcB (^Music'). (1) The series of constituent 
^S^^unds of higher pilch -which are produced with more 
oftf^s completeness along with a musical tone, and 
whicti' .play an important part in determining tl\c 
“ quality^’' of ‘mnsical tones. They are also called 
overtones"^* or “ upper partials.” These harmonics 
are given forth in a regular progressive series, each 
note being of less intensity than tlui pre.ceding. In 
the following table of the first IJf harmonic’s produced 
from the note T) it will be seen that the \1bration 
ratio of each note is one lialf that of its octave : 

OcuoTutor 

or 


tuning fork, etc.), they are called ♦* overtones ” or 
“upper partials.” It must not be supposed that 
all or any of the possible bannonics are aott^ly 
present in a given* case. That depends upon the 
nature of the vibrating substance and the way it is 
set in vibration ; for instance, in strings it depends 
upon the point struck. 

Harmonium (Music). See Musical Instruments 
— Wind (Keved). 

Harmony (Music). (1) An orderly succession of 
different combined sounds. (2) The study of chord 
building from “roots,” and of connecting these 
chords in their different positions, having regard to 
key relationship. 

HarncBB (Silk Mwnufac.) A collection of two or 
more Heddles (q.v.), hcalds, lame.s. or shafts used 
for making satin, twill, or other plain cloths. 

(Textile Matiufac.) In a Jacquard machine 

the group of cords carrying the Mails (q.v.) through 
which the threads of warp pass. The depression of 
the cords is effected by each carrying a separate 
weight or lingo. These serv’e the same purpose as 
the hcddles for tappet or clobby. 


Note 

sounds 


FniuU- 

meijUil ^ 


Aliquot 

pait uf Whole > J i I ? 1 


'Rbxp (Her.) The national device of Ire- 
land. It is borne in the Irish quarter of 
the lioyal Arms of Great Britain. 

{Miisio). See MUSICAL Instru- 
ments, Stringed (2). 

Sfu- Musical Instruments— String 


rinpr. 

Vibiation 

ratio. 


a 0 10 11 12 13 14 15 1617 18 


The harmonica given (jff by the Jih and j^ 4 th of the 
whole string are slightly flatter, and tliat given by 
tile i^jth sharper, than the corrcspf)nding exact note 
of tlje key. (Tliis table is taken from I’rofessor 
Prout’s Harvwtujf chap, ii.) 'J'his series of har- 
monics may be }»roduce(l theoretically along with 
every “note, and hj transposing this table according 
to tiic generator reijuired the scries may be founcl 
from that note. (2) Upper notes produced (m 
stringed instruments — (a) by slightly pressing the 
finger on tlic o}>en string at the various “nodes,” 
i.e. points of rest in a vibrating string. These arc 
termed Natural Harmonics. C^*) I5y stopping the 


(By Hand). 

19 20 

Harp Pendant (Gas Fitting). A gas 
pendant in the forn) of a Ipop with the burner in 
the centre. 

Harpsichord (Music). A preeursor of the piano- 
forte, being a keyed instrument played by means of 
plectrums set in motion by the keys. A fine collec- 
tion may be seen in the Victoria and Albert Museum, 
South Kensington. 

Harpy (Her.) A fabulous heraldic creature 
reju'esentod as a vulture with a won^an’s head and 
neck. 

Harrison’s Gridiron Pendulum. See Pendulums. 


string with the fir.st or second finger, and tlien 
slightly pressing the node with ilie fourth finger. 
Ihese are terme<l Artificial Harmonics. Tlieso 

harmonics are written in diamond .shaped notes, 

(Phys.) In almo^t all cases of vibration it * 

is more or le.ss difficult to tibtain a single definite 
fr<Kiu(mcy. As a rule, smaller vibrations are present 
superposed upon the origimil or fundamental. These 
are known as the “ harmonics,” and first acquired 
Importance in the theory of sound and of music. It 
is now usual to define the liarmonies of any vibration 
as a series of vibrations having frequencies 1, 2, 3, 4, 


Harrock Hill Btone. S(^e PiUiLDiNO Stone& 

Hart (Her.) A stag nf full growth with branching 
horns. Borne as a cliargc or a crest. The female 
represented without horns is called a Hind. 

Harvest Moon (Astran.) About the autumnal 
equinox and harvest time in England the moon, 
when full, possesses its minimum retardation, i.e. 
rises more nearly at the same time on successive 
nights than at other times of the year. It is then 
termed the harvest moon, for, rising at sunset, it 
affords aid to harvesters who have not ended their 
day’s work. 


fi, etc., times the frequency of the given vibration 
or fnndamontal. This is in accordance with the mathe- 
matical treatment duo to Fourier, who showed how 
to resolve any complicated periodic vibration into 
an infinite series of harmonic vibrations having the 
above frequencies, although in practical calculations 
a few terms are usually sufficient. Sometimes, as 
in the case of a closed organ pipe or an alternating 
electric current, only the odd harmonics can exist. 
When the possible higher frequencies are not simple 
multiples of the fundamental (as in vibrating rods, 


Hat (irs^.) A cardinal’s hat is generally repre- 
sented in the arms of an cccle.siasiic who belongs to 
that princely order in the Clmrch of Rome. It is 
red, with wide brim and pendent tassels. 

Hatched Moulding (Architect.) A simple enriched 
moulding used in Norman work, generally as a string 
course. The moulding has a half -hexagon^ projec- 
tion ; squares are marked out on the projecting faces, 
and the triangle below the diagonal of each square 
is slightly sunk. 
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Hatchet {Catp.t A small axe. 

(/Tm) An ancient charge, William de 

Harstbelve in the thirteenth century blazoned azure, 
three hatchets argent. . 

Hatchet Stake (JSng,') A flat plate of metal with 
a sharp edge, fixed in a vertical position for bending 
sheet metal over, 

Haidiiall (^Art). A series of parcdlel lines, or 
several series crossing, employed in drawing and 
engraving to produce the effect of shading and so 
innate the modelling of an object, tones, etc. 

Raiohment (Jler,) The achievement or armorial 
bearings of a person deceased. Sometimes hung 
outside the bouse where such person lived, and 
afterwards placed in the church near the family pew. 

HathoF Headed Capital {Arohifect) A form of 
capital used in Egyptian architecture. In this 
capital, a block of stone, carved on each face with 
a representation of the head of the Goddess Isis, and 
supporting a model of a temple, is introduced above 
a Campaniform capital. It is also known as the Isis 
Hbaded Capital. See Campanipobm Capital, 
Clustered Lotus Capital, Lotus Capital, and 
Palm Capital. 

Hat Leather {Eng.') A leather ring used as 
packing for hydraulic rams, etc. Its section is in 
the form of the letter L. 

Hauberk {Amiovr). A long coat or tunic of mail 
used in the mivldle ages. Originally it was only 
intended to protect the neck and shoulders. See 
Abmouu and Mail. 

Haulm {Botany), See Culm. 

Haunch {Build.) The portion of an arch between 
the crown and springing See Arch. 

Haunched Tenon {Ca^jf. and Jvin.) A tenon cut 
back in its widtji to allow for wedging. 

Hauptwerke {Mune). The German name for Great 
Organ. See Organ. 

Hauriant {Her.) “Paleways” or “in pale,” and 
having the head in chief. Used to describe the 
position of a fish on a field, when it appears as if 
rising to tlie surface of the water for breathing. The 
converse is Uriant. 

HauBmannite {Min.) Mangano-manganic oxide, 
MUgO^. Manganese =* 72*1, oxygen = 27’9 per cent. 
Occurs in small black tetragonal octahedra, which 
have a brown streak. From I’huringia, the Harz, 
United States, West Cumberland, etc. 

Hautboy {Music). The French term for Oboe 

Havk {Her.) A bird of prey frequently used in 
heraldry. It is blazoned “belled,” “jessed,” and 
‘‘varvefied.” Varvelles are small rings attached to 
the jesses. 

— {Blast.) A square piece of board with a 
handle in the centre underneath. Used for holding 
a supply of plaster while it is being laid on a wall or 
ceiling. 

Havk Bells and Jesses {Her.) The small round 
bells attached to the legs of hawks. Hawks' jesses 
are the short leathern thongs fastened to each leg of 
a hawk and to which the leash held by the falconer 
is attached. 

Hawser Pipe or Hawse Pipe {Eng.) (1) Tho 
hole through which a ship's cable runs out. (2) A 
rimilar opening through which, the chain runs in 
some cranes. 


Hawthorn. See Woods. 

Hay Band {EkmnAry), Eoughly made ropes of 
hay wound round an iron bar, on which loam is to 
be placed to form a large CORE The hay serves 
to form a porous interior in the core, through which 
gases can escape when the hot metal comes in contact 
with the outside. ^ 

Hazel. See Woods. 

Hazel Nut Oil. A pale yellow inodorous oil 
obtained by expressing the fruit of Corulus aveUana. 
The product is limited. It is used, when fresh, for 
cooking purposes, also for burning and for soap 
making. 

Hazel Rods {Eng.) Thin rods of hazel are often 
used for tho handles of smiths' tools (cliisels, punches, 
etc.) which have to be struck by a hammer. 

He {Chem.) The symbol for Helium (y.v.) 

Head {Build.) (1) The end of a quoin stone. 
(2) The top end of a slate when fixed on a roof. 

{Carp, and Join.) The top of a door frame \ 

the top end of a shore, etc. 

{Cycles). The socket or hollow tube through 

which the tube carrying the front forks runs. It 
has ball bearings at the top and bottom in most 
machines. 

{Eng.) (1) Tlie top of a tool or other 

object. (2) The depth or height of water in a vessel, 
w'hicli determines the pressure at any given point 
below the surface. 

(Tyji/uy. a7id Bind.) The top part or margin 

of a j)agc. 

Head and Tail {Bind.) The head is the top of 
a bof)k ; the tail is the bottom. , 

Head Band {Bind.) The head band is the little 
ornamental acetessory fixed to the head and tail of a 
volume inside the back, to give a finished appearance. 
Formerly they were worked in different coloured 
silks very carefully attaclied to the book itself, but 
now they can be bought ready made by theSyard, 
and are gliierl on. 

Header {Build.) A brick or stone with its end 
showing on the face of the wall, i.e. one with its 
longer axis at right angles to the plane of the wall 

Heading Course {Build.) A course of boaders. 
See English Bond. 

Heading Joint {Carp, and Join.) Two floor 
boards joined end to end. See Floors. 

Headmgton Stone. See Building Btonbs. 

Heading Tool {Eng.) A tool used for forming 
the beads of bolts, large nails, etc., when forged by 
hand. 

Headline {Typog.) The heading (top line) on the 
I>age of a book. 

Head Metal {Foundry). A kind of reservoir of 
metal connected with the interior of a mould by a 
gate (^.r.) or runner, or ehse opening dirwtly into 
the mould itself. The scum, etc., rises into the 
liead, leaving the casting sound ; when the casting 
is removed the unsound metal forming the head is 
cut off. 

Head Nailed {Build.) Slates fixed at the top end. 

Headon Beds {Oeol.) Bocks of fluvlo-marine 
ori^n wliich were formed in the south of England 
during the Oligocene Period. They are best dev^oped 
in the Isle of Wight and the maritime areas to 
north-west of that district. 
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Head Room iCarp. and Join,) The vertical 
height of a landing trimmer above the stairs. 

Beadeto^ OSfng,) The part of a lathe which 
contains the Handsel 

— - {TooiijXo Manmfac,) The prindpai part 
of the sel^actor or spinning mule. It consists of 
the mechanism, for controlling the several motions, 
such as the delivery of the sliver, twisting, the 
drawing out and winding up of the carriage, and the 
winding up of the spun yarn on to the cop or bobbin. 

Head TalYe (JS^ng,) An upper valve of a pump ; 
the lower valve is termed a Foot Valve. 

Heald {TeoatiU Manufac,) See Hbddle. 

Heart Cam (^Watohes). A heart-shaped piece 
used in split seconds work, chronographs, and other 
mechanisms where the parts are required to return 
to their original positions at the will of the operator. 
See Split Begonds Ohbonogbaph. 

Hearth {Build,) The cemented, tiled, or mved 
floor of a fireplace : the part of the floor which lies 
beneath and in front of the grate. 

iEng,) (1) The lower part or base of a 

furnace or the part coninining the fire. (2) The part 
of a forge containing the fire. 

Heart Wood {Carp.^ etc,) The wood forming the 
central part of the trunk of a tree. 

Heat. A term used to denote the sensation of 
warmth, and also the physical <'.au8e of that sensation. 
From the latter point of view heat is now regarded 
as being a kind of molecular vibration or motion, 
and hence a form of energy. 

( The term is used in engineering and 

Other trades in various senses, in addition to the 
correct sdentilic one. Thus it is applied to (1) the 
temperature at which an opemtion is carried out, 
e,g. Welding Heat; (2) tlie process of heating 
materials to sucli a temperature ; (3) the amount 
of dealt with at one time or in one single 

operation. 

— Atomic ( Chnn.) Si‘e ATOMIC ITbat. 

, Conduction ot{Phij».) See Conductivity, 

Conduction op Heat, etc*. 

Heat Equator {Met enrol,) Owing to the great ex- 
tent of land in the Northern Hcraispliore the highest 
mean annual tempemture of the parallels of latitude 
is found at latitude 10® N. 

Heating Apparatus {Bug.) Kadiating apx^ratus 
by which heat is distributed to warm a building by 
hot water, air, or steam. Occasionally electric 
heaters are employed : they have the advantage that 
heat can be given out at a point considerably re- 
moved from the source, without as much loss at 
intermediate points as occurs with the methods 
previously mentioned. 

Heating of Bearings {Bug,) Bearings when not 
sufiiciently lubricated become very hot ; they then 
beoome very much worn, or the surfaces in contact 
may adhere, and a fracture may occur. In largo 
installations of machinery it is often found advisable 
to keep one man entirely employed in looking iifter 
the bearings to prevent heating ; this is usually done, 
for example, on a large steamship. 

Heating of BuildingB. See under Sanitation. 

Heating Burfaoe {Bng.) The area of a boiler, 
including flues and tubes, which is in contact with 
tihe fire or the hot gases. 


Heat^ Latent (Ph^e.) See Latent Heat. 

^ Hediaaieal Equivalent of $ee 

Hechakical Equivalent of Heat. 

, Moleonlar* {Phye,) See Molbculab HIkat^ 


Heat of Combustion The amount of beet 

evolved, expressed in calories {q,v , ), when the moleoulai: 
weight, taken in grams, of any substance is com- 
pletely burned. In the case of elements, that 
quantity is taken which will give one gram-molecule 
{q.v,) of the product. Thus in the case of poetic 
acid (O 2 H 4 O 2 ) the heat of combustion is the t^nber 
of calories evolved when 60 grams (60 beii^ the 
molecular weight) are completely burned to water 
and carbon dioxide. But in the case of carbon, 
whose molecular weight is unknown, the heat of 
combustion is the number of calories evolved when 
12 grams are completely burnt to 44 grams (the 
molecular weight) of carbon dioxide. See aUo 
Theemochemistry. 


Heat of Formation ( Chem,) The heat {expressed 
in calorics) evolved or absorbed in the production of 
the gram molecular weight of a substance from ita 
eiements. See aUo Thermochemistry. 


Heat of lonigation {Phye.) The internal energy 
of a substance in its neutral' state is not necessarily 
the same as its energy when in the ionised state, and 
the difference may be po.sitive or negative. This 
difference is known as the Heat op Ionisation. 


Heat of Solution {Phys.) The total amount of 
heat wdiich is either absorbed or set free by dis- 
solving one gram of a substance in a given solvent. 

Heat, Radiant. See Kadiant Heat. 

Heat Radiator {Motor Carff), A device by which 
the coolin / of I he cylindef of a motor cycle or of the 
condenser of a cjar is promoted. A series of flanges 
or “ gills ” are attached to the tubes of a condenser 
(or cast on the body of a cylinder) ; these become 
heatr^d by conduction, and dissipate the heat into the 
atmospheie by radiation. 

Heat, Specific. See Specific Heat. 

, Unit of. The heat necessary to raise unit 

mass of water through unit rise of temperature (I®). 
The English engineer uses the pound and the degree 
Fahrenheit as the respective units : in scientific 
work it i.s usual to employ the Calorie {q,v.) 

Heaume {Armour), See Helm. 

Heaves {Geol.) A miner’s term for the lateral 
shift of a fault or lode which has been produced 
by the action of a fault of Icster date. An allied 
phenomenon of considerable importance in connec- 
tion with metalliferous veins is that in which a newer 
fault or lode traversing an older one has been deflected 
by the older line of weakness. Many dykes have 
been TRAILED (as this deflection is termed) by this 
cause. 

Heavy Oil {Chem.,) That fraction of coal tar 
which distils between 230® and 270® C. It is used 
under the name of Creosote. See Gas Manufac- 
ture (Coal Tar Distillation). 

Heavy Spar (^Min,) A synonym for Babvtes 
iq,v.) 

Heck {Cctto^i Manufac.) A framework carrying 
needles by which a lease is formed when “ warping.*^ 

Heeto-. A prefix used in the metric system tc 
denote a multiple of one hundred times the measure 
to which the prefix is applied; %,e. hectolitre, one 
hundred litres. See WE1C4HTS and Measubbs. 



H£D 


284 


HEL 


Heddle {TetetiU Manufao,) The Scotch term for 
Heald-bhaft. Heddles consist of upper and lower 
wooden shafts or laths fastened together by Hbald 
CoBDB, which contain in the centre a Mail or 
Eye, through which the threads of warp are passed 
separately. Each pair of laths or staves are under 
separate control by the Tappet or Dobby, and thus 
the warp threads are raised or depressed to interlace 
with the weft as it is shot across in the loom. 

i Heald, Lame, or Shaft iSilU Mamfac.) 

Two flat sticks called VEKtiEES, placed parallel about 
15 in. apart, connected by a series of fine cotton 
threads, each having in the middle a loop or eye to 
receive the warp thread. In the ** Grob ” system, 
lengths of flattened steel wire perforated in the 
•centre for the eye replace the cotton thread. 

Heddon Stone. Sec Building Stones. 

Heel Ball. A composition of carnauba wax, resin, 
blacking, and paraffin wax, used for rubbing on the 
heels and sides of the soles of iKiots to give a finish. 

Heel Strap (^Carp, and Join.) The iron band 
securing the foot of the principal rafter to the 
tie-beam. 

Heel Tool (iCnp.) An old form of hand-turning 
tool used in taking a liea\7 cut. It had a bend or 
heel near the cutting end which rested on the top of 
the T-resi. A similar cut is usually taken by a slide 
rest tool in modern lathes. 

Height of Barometer. The length of a vertical 
column of mercury whose pressure is equal to that 
of the atmosphere. See Barometer. 

Heliacal Rising or Setting {Asfron.) The rising 
or setting of a celestial body just before sunrise or 
just after sunset. 

Helianthin (Chem.) Methyl Orange 

Helianthns (^Botany). A well known genus of 
the order Compomtee. JT. annuuH is the sunflower, 
wliose seed-s yield a useful oil ; II. tvherosm is» the 
Jerusalem artichoke. 

Helical Gear (i!?////.) Gear wheeLs with teeth set 
at an angle with the axis of the wheel. 

Helical Spring. A spring produced by winding a 
steel strip or wire on the surf act* of a cylinder ; often 
erroneously called a “ spiral spring,” Cf. Helix 
Hpib^vl. 

Helical Tube {Cycles). A tube made of a long 
strip of steel wound on a cylintlrical roller in the 
form of a helix (or so-called “ .spiral ”) and brazed at 
the edges into a continuous tube. 

Heliograph. An instrument for signalling through 
■considerable distances by m(^an.s of a beam of sun- 
light. It consists of a small mirror mounted upon a 
suitable stand, and arranged so that the sun’s light 
may be reflected to the distant station, where it 
can be observed as a luminous point by means of a 
telescope. The signals are then produced by a series 
•of flashes. 

(^Aatran.') An instrument, generally equa- 

torially mounted, for photographing the sun. 

Heliometer {Astron,') An equatorially mounted 
telescope, the object glass of which is diametrically 
riividefl into two parts, which are capable of sliding 
past each other. 

Helioscope {Agtrm.) A special form of solar 
eyepiece used when observing the sun, in order to 
protect the eye from the intense brilliancy and beat 
of the ravs. 


Heliostat. An instrument for obtaining a beam 
of sunlight in an invariable direction for e:q>eri* 
mental purposes, etc. It consists essentially of a 
mirror provided with a clockwork motion which 
enables it to follow the apparent motion of the sun. 

Heliotrope {Min.) A semi-transluoent green 
variety of CHALCEDONY, spotted with red. 

Helium (6’^m.), Ho. Atomic weight, 4. Acolour^ 
less gas ; has not been liquefied ; least soluble of 
all gases (100 vols. water dissolve '73 vols. He). It 
has a monatomic molecule. iJaunot be made to 
enter into chemical union with any other element or 
compound. Occurs in the sun, in the Earth’s atmo- 
sphere to a small extent, and in certain rare minerals 
which contain uranium, thorium, yttrium. The 
minenUs richest in helium are cl^veite, uraninite, 
and brdggerite. From these it is obtained by 
heating under greatly reduced pressure. Other 
gases evolved at the same time are removed by 
suitable treatment : thus hydrogen is made to unite 
with oxygen to form water, and nitrogen is made to 
combine with heated magiiesi^im. The spectrum of 
helium contains two lines exceedingly near together 
in the yellow; it was from the prescncie of this 
double line in the solar spectrum that this element 
was discovered in the sun thirty years before 
I*rofesbor liamsay discovered it in the rare minerals 
referred to above. Helium has been used as a 
thermomctric substance in measuring the \ery low 
temperatures at which hydrogen boils and solidifies. 
It is estimated that the boiling point of liquid helium 
will be about ,5° above the absolute zero. See also 
ItADlUM. 

Helium Stars {Astron.) Stars the spectra of 
which show prominently the lines of the gas helium. 

Helix. The curve produced when a line is wound 
regularly round the surface of a cylinder (or cone) 
.so as to lie in tliat surface. The thread of a screw 
and a spring of the elongated form are examples. 

Helm or Heaume {Amiovr). A Vielmet of gi^jat 
size and strength, Uhcd in the twelfth and thirteenth 
centuries. It was generally worn over a smaller 
Imad covering, e.y. the bascinet {q.v.)^ and reached 
down to the .shoulders. See also ArmdUB. 

Helmet {Arnwur). a general term for the defen- 
sive covering for the bead. It varied in form during 
•successive period.- from the ('!hapelle-dc-fcr {q.v.) to 
the helmet wojti at joust aiifl in battle from the 
fourteenth to tlie sixtecntli centuries. See Heaume 
and Armour. 

or Helm {Her.) Used tus an accessory above 

a shield of arms. It has various forms accord- 
ing to the period. It is jflacecl above the shield 
resting upon the “ chief.” Commoners, knights, and 
baronets Ixave their crests placed upon their helms, 
sustained by wreath, cap, or crest coronet. Peers 
and princes place their coronets upon the helm and 
their crest above the coronet. The helm of the 
sovereign and princes of the Blood Koyal is of gold, 
and placed “ affrontfie,” guarded with six bars ; that 
of nobles of .silver, placed in profile, with five bars; 
that of baronets and knights is of steel, affront^e,*' 
vizor raised and without bars. Esquires and gentle- 
men, vizor is closed and placed in profile. Helmets 
are also borne as charges upon a field. 

Helve. The handle or haft of a hammer. 

Helve Hammer {Eng.) An obsqletc form of 
mechanically worked hammer. 

Helvetia Leather. See Cbown Leathbb. 
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Hematite (Min,) A synonym for Hjematitb (q.v.) 

Hemiorystalline Rocks (Oeoh) These may be 
typified by basalt, a rock of eruptive origin, in which 
some of the constituent minerals had crystallised 
from solution before the fluid matrix began to con- 
solidate. Hence these minerals are enclosed within 
a stony or lithoidal matrix which is usually devoid 
of crystalline structure. All lavas are necessarily 
hemicrystalline in structure. 

Hemihedral Forms (Min.) Crystal forms in 
which alternate faces or alternate grotfiw of faces of 
the holohcdral forms (q.v.) are suppressed. 

Homimorphism (Min.) A condition where a 
doubly terminated crystal shows dissimilarity of 
forms at the opposite ends. It is well seen in 
Hemimorphite, in Greenockite, and in Epsom Salts. 

Hemimorphite (Mvn.) Hydrous silicate of zinc, 
ZnSiOg . 2Hp. Silica = 25*1, oxide of zinc = 67*4, 
water =! 7*5 per cent. Orthorhombic, hcmimorphic 
(j.v.); also massive. White, pale yellow to green 
and blue. Also called Smith>onite, and, by some 
American writers, Calamine. From Somerset, Derby- 
shire, Cumberland, Silesia, Hungary, the United 
States, etc. 

Hemisphepe. The half of a sphere cut oil by a 
plane passing through the centre. 

Hemp (Jioiany). The macerated bast fibres of 
Cannahis satiru (order, Morarea*) yield a valuable 
material for ropes, etc. The seeds,* oil, and a resin 
are also used. 

Hempseed OiL This is obtained by expressing 
the see<i of Vannabia saliva. It i.s a greenish yellow 
when fiesldy pressed, but the groo?iish tint dis- 
appears when refined. It may Ik* used for tlic same 
purposes as olivf5 oil, as a burning oil, and for soap 
making. It is often employed to adulterate linseed 
oil, the effect of the addition being to retard tlie <lry- 
ing. The spec,ific gravity at 15° C. is 0 025 to 0'930. 

Henry’s Law. The amount of a gas (by 

weight) which dissolves in a licpiid \aiios directly 
with the pressure on the gas when the temi)eriiture 
is constant. This law only bolds for the le.ss soluble 
gases. 

Heraldry. In the modern sense heraldry is the 
art of blazoning or describing armorial bearings. 
Formerly it dealt also with genealogy and prc(*e- 
denco. Although probably of ancient origin, heraldry 
only as.sumed definite individual aii<l hereditary 
character about the middle of the twelfth centurj’, 
this being largely due to the increasing necessity 
for knights in full armour to bear some distinctive 
device for the purpose of identification, lletween 
the twelfth and lifteentli centuries rules had been 
formulated for the blazoning of arms, the arrange- 
ment of devic(!s, colours, etc.; and tlie science 
had become sufficiently systematised to warrant the 
establishment of an authority to regulate matters 
pertaining to tlie bearing of arms and the claims of 
descent. Tlie Heralds College was accordingly con- 
stituted about 1426 by Edward HI. 

Hkbaldio Coloues or Tikctures. — T here are 
a certain number of “ tinctures '' used in heraldry, 
both for the field or groundwork of a shield, and also 
for the various charges that may be placed upon it. 
^Iiey are of three kinds : metals, colours, and furs. 
Only two Metals are employed, viz. gold and silver, 
called respectively or and argent^ the former repre- 
sented in engraving by small (lots, and the latter by 


a plain white stRface. There are five COLOURS 
most commonly employed, besides one or two 
others rarely used: 

1. Azure is and represented by horissontal lines. 

2. Gules is red^ and represented by perpendicular 

lines. 

3. Sable is "blacky and represented by horizontal and 

perpendicular lines crossing. 

4. Vert is grtien, and represented by diagonal lines 

drawn from dexter chief to sinister base .of the 
shield. 

6. I^urpure is purple^ and represented by diagonal 
lines drawn from sinister chief to dexter base. 

6. Tenn6 is orange^ and represented by diagonal lines- 

as vert, crossed by horizontal. 

7. Sanguine is hlood colour or dark redy and repre- 

sented by diagonal lines as purpure, crossed by 
other diagonal lines as vert. 

The Furs are eight in number, viz. 

1. Ermine : A field “ argent,” powdered with spots 

“sable.” 

2. Ermines : The reverse of the former. 

3. Erminois : A field “ or ” powdered “ sable.” 

4. Pean : The reverse of the former. 

5. Vair : Tl»e field covered with little shield shaped 

figures, argent and azure alternately. 

6. Counter vair : When the small shields are arranged 

point to point and base to base. 

7. Potent : The field covered with small potents or 

crutches, tincture like vair. 

8. Counter potent : The potents place<l to 

point and base to base. 

Metal should never be placed upon metal in charges, 
nor colour upon colour. Figures borne on a shield 
in their natural colours are described as “ proper.**' 
)*ARTiTiON Links.— There are in general use the 
following methods of dividing a shield, viz. 

1. By a perpendicular line, called party per pale or 

impaled, 

2. A horizontal line across the middle, called liarty 

per frSfie. 

3. A perp('ndicular and horizontal line crossing, called 

par*y jjcr cross or (juavierly. 

4. A diagonal line, called per hend. 

5. A diagonal both dexter and sinister, called party 

per saltire. 

6. Two lines rising from opposite sides of the base 

and meeting in form of an acute angle at the 
fesse point, called party per chevron.. 

7. The latter with a perpendicular line to point of 

intei*scctioii, called grafted or party per pah and 
chevron. 

The dividing lines are either straight or assume 
the following ornamental forms : 

Engrailed 
Invected . 

Wavy or Und6e 

Nebul6e . 

Indented 
Dancette 
Embattled 
Bagul6c . 

Dovetail . 

T’otent5e . 
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Feb Palb. Feb Fesse. Feb Gbous ob 

QL’ABTEBLY. 



Feb Bend. Feb Saltire. 



Per Chevron. Feb Pale and Chevron, 


Chabcbs. — W hatever device is placed upon a 
ehield it is called in heraldry a “ charf^e.” 0 harpies 
are divided into three classes, viz. Honourable 
ordinaries, subordinaries, and common charges. 
They are called oi*dinaries from l)eing use<l most 
ordinarily. 

Obbin ARIES. — T lie following are the honourable 
ordinaries and their diminutives: 



The Baltibe. The Chevron. The Ohevbqnbl. 


SUBOBDiNARiBS.— There are some fifteen sub* 
ordinaries ; authorities differ as to the exact number. 
These, combined with ordinaries, and bv means of 
partition lines and various charges, can oe made to 
afford an almost infinite variety of coats of ams: 



Canton. Gybon. 



Inescutcheon. Orle. Tbsssu&e. 



Lozenge. Fuhil. Fkktib. 



The Chief. The Pale. The Pallet. Mancle. Bustre. Label. 



The Bend. The Bendlet. 



Tax Febse. The Bab. The Cross. 



Billet. Borddbx. 



Flancreb. Flabqubs or Voibems, 

See alio ABMOBiAL Bbabikgs, Coat Abmoub, and 
Cboss. 
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:pU Mmnm Art), A kind of 

fitatue oonsiating of a head or bast (generally that 
of the god HenneB) set on a quaclrangiilar pillar. 
Used by the Greeks and Bomans as boundary marks, 
deoora^ve pillars, etc. 

Clupeakmmgu (family, ClupHdo}), 
A well known food fish found in the North Atlantic. 
The young of the herring form a greater part of 
whitdaait. ^ 

HerpiBg Itone {Architect,^ etc,) A term applied 
to stones, bricks, or other small component parts of 
a structure, etc,, set diagonally; the members of 
adjoining rows usually slope in opposite directions. 

Herringbone Bond A cross bond in the 

interior of thick walls. 

Herringbone Strutting {CAirp, and Join,) Cross 
strutting between floor joists. 

Heteroeyolie Compounds {Chern.) Bing com- 
pounds containing more than one element in the ring ; 

CH R 

Pyridine, HC CJJ Thiophene, HC|^ ^|Cn 

HC CH HC CTI 

N 

HC- - - CIl HC=CH 

Furfurane, | > O Pyrrole, I > NH 

nC. — CH . 

CH-N\ 

Glyoxaline, || J 
CTI-NH 

kSee algo CLOSED Chain Compounds. 

Heulandite {Min.) Hydrous silicate of aluminium 
and iron, Al^O, . MSiO^ + CnO . .'llSiOj + 5 H.p. 
Moriosymmetric. White, brownish to rich red. 
From Stirlingshire, Antrim, Iceland, India, etc. 

Hevea (^Botauy). A genus of Kujthorbiaeeie 
l>elonging to tropical America. It is the source of 
^'ara rubber. 

Hewett'i Mercury Vapour Lamp, See Mebgury 
Vapoub Lamp. 

Hexahydrobenzene {Cltem.) . 

OIL, 

H,C CHj 

n,C CH, 

CH^ 

A liquid with benzene-liko smell and a boiling 
point almost the same as benzene (81®). It occurs 
in Russian j^etroleum. Can be prepared by reducing 
benzene with hydriorlic acid at a high temperature. 
See alee Naphthenes. 

Hexamethylene {Chem.) Hexahydbobenzenb 
iq.^.) 

Hexaityle {ATchitect.) A term used to denote 
that form of temple which has six columns in the 
front row. See Octastyle, Tetbastyle, Distyle, 
oad Deoasttle. 

Hexoies ( Chem,) See Ruoabs. 

H GMer ( En^,) A wrought iron or steel girder 
whose oross section has somewhat the form of the 
letter H> with tbe horizontal stroke long in proportion 
to the Tertioal ones. Also termed an I girder 


Hlohory. See WdbnB. 

Hidei iZool.) The skinB of the horse, deer, sheep» 
pig, dog, etc., used in the manufacture of leather; 
The term is applied more particularly to the skins df 
large beasts that may be tanned into leather^ 

Hieroglyphiosy Hieroglyphs (^AroheBol.) The 
characters used in writing by the ancient Egyptians 
(and other ancient r^os). They consisted of* figures 
of animals and objects symbolising some word, 
syllable, or sound; picture writing. 

ffigh iTyp og.) A term applied to type or blocks 
which stand out in front of the rest of the type in 
the forme ; e.g. new type stands higher than worn 
type. 

High Flash Point. Oil whose vapour is only 
ignited at a high temperature. See FLASHINGS 
roiNT. 

Highgate Resin (Miti.) See Copaline, 

High PresBure Cylinder (Bug.) The cylinder of 
a compound engine in which the steam is first 
expanded before passing on to the remaining 
cylinder or cylinders, in which the expansion is 
completed. 

High Relief (Sculj).) See Alto Believo. 

High Speed (Bng.) A purely relative term; 
ai»plicd to tlie linear velocity of ships, vehicles, etc.* 
and to the rate of rotation of various motors and 
engines. In steam engines of the ordinary recipro- 
cating type 400 revolutions per minute is a high 
si)Cf;d ; a small gas or petrol engine may make 1,200 
to 2,000, a Parsons* steam turbine (q.v.) and g 
.small Laval turbine as many as 30,000 per minute. ' 

High Speed Bearings (,Bng.) Bearings whose 
length is four or five times their diameter are 
commonly used for very rapidly rotating sha^, and 
in many cases (especially in dynamo.s) the whole 
bearing has some slight freedom of rotation about 
axes at right angles to the shaft; tliis allows for 
j slight errors in the alignment, or a slight amount of 
“give** or deformation of the shaft itself which 
miglit otherwise have serious results at high speeds. 

High Warp. Tapestry in which the warp (q.v.) 
takes a vertical position, e.g. Gobelins tapestry. 
Supposed to be superior to low warp tapestry, . 
which is manufactured with the warp in a horizontal 
position. 

Hills, Origin of ( Geol.) In most cases the elevated 
tmets known in general terms as “hills** are due 
<*eithcr to the local piling up of materials, such as 
sand deposited by sea spray or drifted by the wind, 
or else are remnants of a mass of rock which 
formerly had a greater extent, but which was locally 
removed by some natural agent, such as running 
water. Hampstead and Finchlej', for example, wore 
once continuous liigh ground with Shooters Hill. 

Himation {Arehieol.) An outer garment worn by 
the ancient Greeks. It consisted of an oblong piece 
of cloth which covered the loft shoulder, and was 
generally fastened over the right shoulder, leaving 
the right arm free. 

Hip Girdle {Zool.) A group of bones CPblvic 
Gibdle) which give attachment to the hind limbs. 
The girdle is articulated to the vertebral column, and 
con-sists of the tljree bones, ilium, ischium, and pubis. 

Hipped Roof ( Build.) A form of roof in which the 
ends slope as w'ell as the sides , there is therefore no 
gable. 
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Hippuric Acid (Benroylglyoocoll), 

OOOH 

A white crystalline solid; melts at 187®; sparingly 
soluble in cold water (1 in 600) ; easily soluble in Lot 
water and in alcohol. It occurs in the urine of 
herbiverous animals, especially of horses (hence the 
name); to a slight extent in human urine. When 
horse’s urine is concentrated and hydrochloric acid 
added, hippuric acid separates out. It may be 
obtained synthetically by the action of benzoyl 
chloride on glycocoll in presence of caustic soda 
solution. On boiling the acid with strong hydro- 
chloric acid it yields benzoic acid and glycocoll 
hydrochloride. 

Hippurite Limestone (Oeol.) A section of the 
Upper Cretaceous ivocks, mainly contemporaneous 
with the British C-halk. It was formed in a different 
zoological province from the normal Chalk, and 
contains the remains of a somewhat anomalous group 
of moliusca, whose affinities may be with the modern 
Ckania, It occurs in force in the north-western part 
of the Mediterranean basin. 

Hip Rafter {Build.) The angle rafter of a hipped 
roof. See Hoofs. 

Hitch. (1) A check or stoppage of any kind; in 
particular, the stopping of a cutting tool through 
digging into the material. (21 In a rope, a loop, 
turn, or knot of a particular kind. 

Hoar Frost {Meteor ol.) When the air contains 
1 moisture and the temperature sinks below the 

j freezing point, the particles of moisture become 

• frozen and are deposited on leaves, trees, etc., in 
the form of hoar frost. 

Hod {Build.) A three sided receptacle used for 
carrying bricks, mortar, or stones. Attached to 
it underneat li is a straight handle about 4 ft. long, 
by which it is supported wdiile being filled, and 

by means of which the hodman balances it on his 

shoulder when carrying the material to the workmen. 

Hodo jraph. If lines be dr«awn from a fixed point, 
representing in magnitude and direction the velocity 
at successive instants of a mo^’ing body, the extremi- 
ties of the lines lie on a curve termed the Hodogbaph 
of the motion of the body. 

Ho£maim*B Apparatus. See Vapour Density. 

Hofmann’s Violet {Oh cm.) Is triethylrosaniline, 
a dye. Not used now. Sec Rosaniline. 

Hod Fleece, Hog Wool ( Woollen Manvfac.') The 
first smorn fleece of a young sheep. 

Hogging {Bng.) Tlie curvature of a girder, ship, 
or other structure, so that it is convex on the upper 
side ; i.e. the central portion becomes raised relatively 
to the ends. Cf. Sagging. 

Hoist {Bng.) Lifting mechanism. The term is 
applied to a great many machines ; a lift or elevator. 

Holding Up {Bng.) Pressing a hammer, etc., 
against one end of a rivet while the “closing” or 
formation of the head is effected. Tlje hammer is 
held by its handle, and the head springs away from 
the rivet after its inertia has been overcome by the 
blow of the riveter’s hammer. 

Holding Weft {Textiles), See Weft. 

Hollander {Paper Manufac,) A type of beating 
engine used for beating up rag palp. 


Hollands {Lwm Mmufac.) These are light plain* 
texture linens finished in the brown state, or dyed 
black, slate, etc., and highly glazed. Generally used 
for linings 

Hollington Stone. See Building Rtonnb. 

Hollow Column {Eng.) A vertical column con* 
taining a given weight of metal is much stron^r if 
hollow than if made solid, owing to the metal Doing 
farther from the axis. See Beam. Many large 
frames, baseplates, and other .structures are made 
hollow for this reason. 

Hollow Mandrel Lathe {Eng.) For small repeti- 
tion work, where a number of similar objects {e.g. 
•screws, etc.) are formed from a rod of metal, it 
is very convenient <o have a latlie with a hollow 
mandrel. The rod of metal runs right through this 
mandrel, and one end projects beyond the chuck for 
a sufficient distance; as each object is finished it 
is cut off, and a fresh length of rod brought into 
place without loss of time in re-chueking. A hollow 
mandrel is often used in conjunction with a capstan 
head on the slide rest, which is capable of holding 
a variety of tools. 

Hollow Roll {Phnnh.') A lead Roll {q.v.) made 
by bending over the edges of sheet lead, and so 
forming a tube. 

Hollows {Carp.) Wanes used for forming convex 
surfaces ; the oorresptmding plancfs for forming 
concave surfaces are known as Rounds. A set of 
hollows and rounds use<l always to form part of a 
joiner’s outfit; with them he could cut any beads or 
mouldings or make his own beading planes. 

{Paitenmaking and Moulding), The curved 

surface connecting two flat surfaces meeting at. an. 
interior angle ; the ourve adds to the strength of tlie 
casting, wdiich would otherwise be very liable to 
fracture at the angle, owing to the irregular arrange- 
ment of the crystalline structure at this x>oint. 

Hollow Walls {Bygie^ie). AccoFling to a model 
byelaw i.ssu(‘d by the Local Government Board as to 
new buildings, if the ground to be in contact with 
a w’all above the level of the rloor of the lowest .Mtory, 
that wall must be made double, with a cavity 
2^ in. wide extending the base of the wall to* 

♦5 ^in. above the surface of the adjoining ground ; and 
damp proof courses {q.r.) must be inserted both at 
the base of the wall and at the level of the top of the 
cavity. 

Hollow Ware. See Glass Manufacture. 

Hollow Ware Presser {Pot.) A hollow' ware 
presser, as dii^iinguislied from a “ flat W'are” presser, 
is a potter wIjo makes bowls, vegetable dishes, soup • 
tureens, and similar hollow articles which are made 
by the “ pressing ’’ process. 

Holly. See Woods. 

Holmes’s Signal. A tin canister containing calcium 
phosphide and attached to a float. To the bottom of 
the tin a tube is fastened, and the end is perforated 
so as to admit water, when the signal is to be used ; 
at the top of the tin is a cone, the apex of which is 
cut off also before use. When thrown into tho sea, 
water entering below generates spontaneously in- 
flammable phosphoretted hydrogen, which escapee 
above and bums with a brilliant flame. See PHOS- 
FHOBETTED HYDROGEN. 

Holoorystalline Structure (^Qeol.) This oocurs 
chiefly in eruptive rocks which have consolidated 
slowly and under pressure. It is confined to rocks of 
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either plntonic Cdeep seated) origin, or trappean rocks, 
such as dyke sand sills, which have been intruded at 
a lesser depth. The whole of the constituents have 
become crystalline ; or, in other words, no trace of 
any ground mass is left. Granite or dolerite may be 
taken as typical examples. No lava is holocrystAline. 

HolohedFol Forms (Min.) Crystal forms which 
sh(^w the complete development of faces, Le. the 
complete symmetry possible with a particular form. 

Holts Machine (EUct.) One of the first induction 
electrical machines of modem type; devised about 
1865. It consists essentially of a fixed glass plate 
carrying two paper inductors and a rotating plate. 
The paper inductors, charged respectively + and — , 
act upon the rotating plate, and the repelled induced 
charges are received hy collecting combs and led to 
the main terminals, where they form tlic working 
discliarge. The attracted induced charges are made 
use of to maintain the polarity of the paper inductors, 
for which purpose two sector shaped windows are 
cut in the fixed plate, through which a tongue of the 
paper projects to touch the rotating disc. This type 
of machine requires an initial charge, and stops 
working when the nuiin terminals are separated 
beyonri the sparking distance. It is also much 
affected by atmospheric conditions. 

Homatropine (Chi-in.) 
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The mandelic acid ester of tropin (<7.v.) It is used 
in the form of its hydrobromide, a white crystalline 
solid, for dilating the j)upil of the eye. Its effect 
does not last so long ami it is not so poisonous as 
atropine. 

Romberg’s Phosphorus ((^he^n,) Fused calcium 
chloiide. This salt, when exposed to the sun’s rays 
for a time and then taken into a dark room, becomes 
phosphorescent. 

Romberg’s Py rophorus ( Ck^mi . ) A mixture of finely 
divided carbon, j)ota.shium .sulphide, and aluminium 
sulphate obtained by heating alum and charcoal to 
redness out of contact with air. It becomes red hot 
on exposure to air. 

Home Work (Hygiene). Bee. 107 of the Factory 
and Workshops Act, 1901, requires that lists of “out- 
workers” in such classes of work as may from time 
to Hmc be specified by Bpecial Order of the Secretary 
of State shall l>e kept by occupiers of factories and 
workshops and contractors employed by them, and 
shall be forwanlod twice yearly, in February and 
August, to the District Council in which the factory 
or workshop is situate. Every Council shall furnish 
particulars as to “ outworkers ” employed outside 
their district to the Council of the district in which 
such workers are employed. By Sec. 108 the District 
Ck)uncil is empowered to give notice to employers 
prohibiting work to be done on unwholesome pre- 
mises. This seotion applies only to persons employed 
in such classes of work as the Secretary of State 
may specify by Special Order. Soo. 109 prohibits 


the making, cleansing, or repairing of wearing iqiparel 
where there is scarlet fever or smallpox, wo. HO 
prohibits home work in a house any inmate of which 
is suffering from a notifiable infections disease. The 
work to which this section applies is the making, 
cleaning, washing, altering, ornamenting, finishing, 
and repairing of wearing apparel, and any work 
incidental thereto, and such other classes of work 
as may be specified by Special Order. 

Romocentrlc (Photo.) A term employed in optics 
to signify that a lens is corrected for radial and 
tangential astigmatism of oblique pencils of light 
by the merging of the two focal lines into a single 
focal point. It is the aim of all modern anastigmatic 
lenses to accomplish this, in order to prevent the 
blurring of the image formed on the margins of the 
focussing screen from this defect of astigmatism. 

Homogeneous. Of uniform structure throughout. 
In engineering, etc., a perfectly homogeneous casting 
or forging is much stronger than one whose internal 
structure is not uniform. 

Homologous Series (Chem.) A series of organic 
compounds the members of which differ from each 
other by a multiple of CH... The hydrocarbons of the 
paraffin scries form an example. Another example 
is the following : 

COOH.COOII Oxalic acid. 

COOH . CH, . coon . . . Malonicacid. 

COOH.CH,.CH,.COOH . . Buccinic acid. 

COOH . CH, . CH, . CH, . COOH . Glntaric acid. 

Hone. A smooth grained stone used for giving a 
fine edge to sharp catting tools. Hones are generally 
some variety of slate or similar rock. 

Honey (Botany). The saccharine fluid secreted 
by glands (nectarines) in flowers. It undergoes 
certain changes within the stomach of the bee, and 
is afterwards transferred to the cells of the honey- 
comb. 

Honeycomb (Textile Manufac.) The term applied 
both to weave and fabric?. It i.s a weave in which 
j there is strong contrast of fast and loose interlacings, 
giving to the fabric a rough and honeycombed 
character. 

Honeycombing (Eng.) Corrosion of boilers in 
the form of numerous pits or holes on the internal 
surface. 

Honourable Ordinaries ( Her.) The nine principal 
ordinaries. See Heiialdky and Okdinabibs. 

Hood (Eng.) The funnel-like cover over a fotge 
which leads the smoke, etc., into tljie chimney. 

Hood Mould (Arehitcot.) A projecting moulding 
used in Gotluc work over 
the heads of doors and 
windows, following the 
curve of the arch. When 
used externally it serves 
the purpose of throwing 
off the rain; but it is 
also used, solely for 
ornament, in internal 
work. It is also knowm Hood Mould. 

as a Dripstoke, 

Weather Moulding, and when square in elevation 
as a Label. 

Hooked Joint (Carp, and Join.) A joint in the 
form of a hook. Used on the meeting styles of case- 
ments and airtight cases. 
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Hoolra'c Joint (iSin^.) A joint used to oonnect 
two lengths of rotating shafting which are hot in the 
«ame straight line. £ach length termites in a 
horseshoe shaped fork; the ends of each fork are 
connected to the ends of one arm of an equal armed 
cross by swivel joints ; if the shafts are in line, the 
plane of the cross is at right angles to the line of the 
shafts ; when the shafts are not in the same straight 
line, the plane of the cross is inclined to either one or 
both shafts. 

Hoake’i Law (Phyg.) Hooke discovered that if an 
** elastic” substance be strained or loaded in any way, 
then, within certain limits of load varying with the 
nature of the substance used, the strains produced 
are proportional to the loads. The law is now usually 

expressed in the form =* Constant, and this 

constant is known as the “ Elasticity ” of the 
substance. 

Hook Up, Hook Down (Typoy.) The end of a 
line wluch is either bracketed in the line above or 
that below. 

Hoop Iron (Png,) Thin bands of wrought iron 
■of thickness from 20 up to 12 B.W.C. See Wibe 
Gauges. Used for securing barrels, etc. 

Hoop Iron Bond. Thin strips of iron built into 
walls to tie the matepals together. 

Hooter. A powerful steam whistle giving a deep 
note, used as a signal. A siren. 

Hope’s Eneriment (Phyg.) A well known ex- 
periment to demonstrate the existence of anomalous 
expansion in water near its freezing point, and also 
to roughly ascertain the temi^rature of maximum 
density. Tlje apparatus consists of a tall, ratlier 
narrow cylinder containing water at the ordinary 
temperature, and having holes at the side for the 
insertion of two thermometers near the top and 
bottom respectively, while around the middle of the 
cylinder is an annular receptacle for a freezing 
mixture. At first the temperature of the lower 
thermometer falls rapidly, while the upper one is not 
much affected. This goes on until the lower one 
reaches about 4® C., then it remains stationary, and 
the upper one begins to fall, until at length ice may 
form at the top. Evidently the water becomes denser 
during cooling until 4° C. is reached, and then 
becomes less dense with further cooling. 

HoppoF. A funnel formed in the shape of an 
inverted cone or pyramid, used for feeding coal or 
other material in fragments into a furnace, etc. 

(Build.) (1) The head of a rain water piije. 

(2) A certain form of closet pan. 

Hopper Feed (Woollen Manufac.) An automatic 
mechanism in which tlie wool is put, arid then con- 
y^ed automatically on to the feed sheet of the 
carder. This feed is also applied to other machines, 
such as the scribbler. 

Bops (Botany). Bumuhu Inpulug (order. Mo- 
raceee). The plant is much cultivated in the south- 
east of England for brewing purposes. See Beeb. 

Horizon (Antron.) The intersection of the celestial 
sphere by a plane through the eye of the observer, 
parallel to the surface of a liquid at rest (i,e, a 
horizontal plane). 

f Artificial (Aitrmu) A level reflecting sur- 
face (ejg. a dish full of mercury), used in finding 
the altitude of a star when the natural horizon is 
hidden. 


Horizon, OeolofiieaL A term which has referenoe 
to the chronologic position of any rooks which 
have been formed at the same period of the Barth’s 
history, quite irrespective of their mode of origin 
or lithological character. Thus the desert-formed 
sandstones and marls of the English ^^ias are on 
the same geological horizon (or were fonned contem- 
poraneously with) certain thick beds of dolomite of 
marine origin in Tyrol. In like manner certain 
volcanic rocks in Scotland axe on the same geological 
horizon as the limestones of Dovedale. 

Horizontal Engine. Anyenpne whose cylinders 
are horizontal, but usually applied only to stationary 
engines. 

Horizontal Force, Magnetic. The horizontal 

component of the magnetic L'orco of the earth at a 
given place, important because it is the effective 
value acting upon a i‘ompass needle. Its value in 
London at the present time is about *18 C.O.S, 
units, i.e. *18 dynes per unit pole. 

Horn {Mttsie). See Musical Instruments, 
Wind (BkassI. 

. See Waste Peopucts. 

Hornbeam. See Woods. 

Hornblende (Min.) Silicfite of iron, magnesium, 
aluminium, and calcium. It is one of the meta- 
silicates, and is now (‘onsidored an aluminious variety * 
of the species Amphibule (g.v.) It occurs in black 
monosymmctric crystals, and is an important rock 
forming mineral, which occurs in many gneisses, 
pegmatites, and eniptivc* rocks. It occurs along with 
Biotite in most of the Scottish grtinites and dioritos, 
and is a common mineral in many of the andesites, 
porphyrites, and trachytes. 

Horn Centres. Discs of horn c>r celluloid placed 
on drawings to form a point of rotation for compasses 
when many cin^Jes hqvc to be drawn from the same 
centre ; the puncturing of the paper is thus pre- 
vented and the centre maintained in its proper fixed 
position. The disc is usually provided with fine pro- 
jecting points, which keep it in place. 

Horn Lead (Min.) A synonym for PhoSGENITB 

(jr.tf.) 

Horns {Carp, end JW«.) The portion of the 
styles of framing projecting beyond the rails. 

(Png.) (1) In general any projecting part 

or point. (2) Tl»o tips or corners of the pole pieces 
of the field magnets of a dynamo or electric motor. 

See Waste Puoduots. 

Horn Silver (Min.) Silver chloride, AgCl. 
Silver = 75 3, chlorine s= 24*7 per cent. Cubic. More 
often in massive forms willi a characteristic ivory 
lustre. It wears, rarely, in Cornwall and in the 
Ilarz Mountain mines, but is sufiiciently plentiful 
in South America to be a valuable ore of silver. Also 
in New South Wales. 

Horology. See Watchmaking. 

Horse (Plant.) The wood backing of a zinc mould, 
used by plasterers for running mouldings. 

(Plumb.) A wooden finial, etc., fonning a * 

core which is to be covered with lead. 

Horee-Brey or Barnacles (Rer.) A kind of curb 
used in breaking in horses ; it presses on the animal’s 
nose. Used occasionally as a ** chsurge.** 

Horse-Ghestnnt. See Woods. 



Hone-Cbeftant OU« Ufade from the fruit of the 
horee-cheetnnt tree. The colour of the oil is greenish 
brown. It muy be used for bunting and soc^ making, 
and is said to possess valuable medicinal qualities 
when used eatternally for gout, rheumatism, neurx^gia, 
eta 

Hoyw J>1Ulg (l^ndry). Used to give porosity 
to loam, from which large cores are mado. 

Hone Fat. Varies in colour from very light to 
•dark yellow, according to the part of the animal it 
is taken from. It is used as an adulterant for lard 
and in soap making. The sp. gr. at 15® C. is 0*9180. ^ 

Horseflesh (I'hfods), By the Sale of Horseflesh, 
etc., Regulation Act, 1889, the flesh of horses, asses, 
and mules must not be sold or kept for sale for human 
food except in a shop or stall over or upon which is 
placed, in conspicuous and legible characters 4 in. 
long, an announcement that horseflesh is sold 
there. The following characteristics of horseflesh 
servq to distinguish it from beef : (a) The muscle 
fibre is much coarser. ( A) It is darker red in colour, 
often has a brownish tint, (c) After being kept a 
day or two it develops a peculiar odour, and has a 
velvety feel to the fir^ers. (d) The fat is a deep 
yellow, and has a distinct odour from the first, (c) 
The ridges and tuberosities on the bones arc bigger 
than on the bf)Des of oxen. (/) Horseflt'sh is rich 
in glycogen; beef contains scarcely any. See Foods. 

Horse Gear. The device used for yoking horses 
to machinery. See Bullock (IkaK. 

Horsehair. Used for mixing with plaster to give 
increased strength, and with loam in foundry work 
to give poro.sity to cores. 

Horse Power The unit of power in 

•engineering ; equal to o3,000 foot pounds of work 
per minute. 

Hose. Flexible tubing of canvas, rubber, leather, 
etc., used for the conveyance of a liquid. 

Hose Coupling. Metal joints used for connecting 
two lengths of hose. The connection may be made 
by a screw thread or by some form of joint or clip, 
wliioh is more rapidly fastened. 

Hose Pipe Tyres (Cycles). A colloquial expression 
for a single tul»e tjre. See Tvkks. 

Host (Botany^ Zool.) An animal or a plant which 
has a parasite or commensal living upon it. 

Hot Air Engine A form of motor now 

practically obsolete. Air is heated in some form of 
metal vessel, and supplied to a single acting cylinder 
•(with piston and valves somewhat like a gas engine), 
in which the expansion of the air produces the 
motion of the piston. 

Hot Metal (Eny.) Metal of any kind is said to 
be ‘‘hot” when it is at a temperature sufliciently 
high for some definite operation to be carried out. 
Thus a smith may say iron is hot when it is just at a 
welding or a forging heat, and not hot if below this 
temperature, though, of course, it is then extremely 
hot in the ordinary usage of the word. 

Hot Plate (Build,) The top of a stove. 

^ Hot EolUng (Print.) A process of drying and 
pressing by means of hot rolls. 

Hot Short or Red Short (Met.) Iron which is 
brittle when hot, usually owing to the presence of 
sulphuti 

Hot Water System (Jlyyiene), A method of 
warming effected by means of hot water or steam 


circulating^ in a system of closed pipes, the cipook 
lation depends upon the water being bottei^ and 
therefore lighter, in the pipe through which it leav^ 
the boiler than in that which brings it back. Some 
12 ft. of 4 in. pipe are required per 1,000 cubic feet 
of air space in dwelling rooms to give a temperature 
of about 66®. 

Hot Water Test (Bng.) Testing the joints of a 
boiler by forcing hot water in under pressure. A 
boiler may not leak when cold, but the expansion of 
its joints may make it very leaky when hot ; henoe 
the importance of this test before any attempt is 
mado to get up steam. 

Hot Waves (Meteorol.) Waves of exceptionally hot 
air which travel over countries and raise the local 
mean temperature to a great extent. New York, for 
instance, suffers from them, being so situated that 
the hot winds reach the city after travelling across 
the whole of the United States, an area which be- 
comes greatly heated in midsummer. 

Hot Well (Erig.) The receptacle for the hot water 
and condeusefl steam from the condenser of an engine. 

Hour. See Weights and Measubbs. 

Hour Angle (Astron.) The angle which the decli- 
nation circle* of any celestial body makes with the 
meridian. It may be reckoned in degrees, but is 
usually expressed in time ; e.g, if the hour angle is 
21 hrs. 35 min., it is meant that 21 hrs. 35 min. have 
elapsed since the star crossed the meridian. ^ 

Hour Circles {Astrtm.) Great circles of the celes- 
tial 8i>hcre which pass through the poles like the 
meridians of the earth, and are therefore perpen- 
dicular to the celestial equator. 

Household Soap. A term applied generally to 
all ordinary hard soaps that are used for domestic, 
household, or laundry purposes, and in contradis- 
tinction to toilet soaps, medicimtl soaps, soft and 
industrial soaps (q.t\) See also Mottled Soap, 
Fuimbose Soap, Yellow Soap, White Soap, tmd 
Soap Manupauturk. 

House Marks (I'yitoy.) Corrections to be made 
in ]>Toofs which the piecc-liand does not undertake 
to execute. 

House Painting. This business is often carried 
on in connection with general building or plumbings 
altl tough this is not the case in the north of England 
and Scotland. The duties of the house painter include 
painting, paperhanging, distempering, staining, and 
graining ; frequently sign writing, gilding, and mar- 
bling, and sometimes glass embossing are also carried 
on in connection with the business. Although the 
work of tho painter is essential to the proper finish 
of every residence from a decorative point of view, 
and every other building from the point of preserving 
it by an applicatioa of paint, yet probably 75 per 
cent, of his work consists in cleaning and renovating. 
In painting new woodwork the constituents of the 
paint are varied according to the surface to which 
it is to be applied (see Paint Mixing); but new 
woodwork is usually given four coats of paint. The 
first is called Pbiuing, and is applied after the 
surface of the wood has been rubbed down with 
sandpaper, and knots have been cove^ ed with, shellao 
dissolved in methylated spirits or naphtha (termed 
Knotting), or silver leaf, to prevent the exudation 
of resin. The priming coat is mixed with plenty of 
oil. so that it can penetrate the wood : frequency a 
proportion of red lead is contained in it with, patent 
driers (jf.r.), and it is thinned with raw lina^ oil 
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and turpentine. After the priming ooat ie dry, the 
work is Stoppbd; i , e , all nail holes and depres- 
sions are stopped with ordinary putty or white 
lead putty. The second, third, and subsequent coats 
Bve then given, ample time being allowed between 
each to permit of thorough drying, and the surface 
is then rubbed down with sandpaper, so as to render 
it perfectly level. The basis of the paint mostly 
employed is white lead, which has long remained in 
use because of its body (g'.r.), or property of masking 
or hiding the surface to which it is applied. The 
poisonous nature of white load, however, is a serious 
objection to it, and zinc white is rapidly growing in 
favour. The various earth colours (q.r.) or natural 
pigments, such as ochres, siennas, umbers, etc., are 
also employed to a considerable extent. If the base 
is white, it is usually necessary to add one or more 
colours to produce ’the required tint. S*}e Paint 
Mixing. After three coats of paint have been given, 
the woodwork is sometimes varnished, although this 
is usually deemed unnecessary when the paint is pro- 
perly mixed. When a flat colour, or one witliout glo.ss, 
is required, oil in the final coat is omitted, and 
turpentine is employed alone to render the paint of 
a suitable thin consistency. Flatted work on large 
surfaces, such as the wall of an apartment, possesses 
the advantage of biding inequalities of the surface 
much better than a glossy paint would. In this 
case the paint is usually stippled Oj.r.') In finishing 
tine work, the best results are usually obtained by 
applying several coats in the manner described, and 
finishing the last one flat or without gloss, finally 
varnishing the whole surface. This tends to prevent- 
ing blistering, while the finish is suix^rior to that 
obtained in the ordinary way. In painting on plaster 
it is important that the Rurfa(;e be free from moi.sture; 
but four or five coats of paint are usually required 
in order to produce a satisfactory result, as the pla,stor 
is much more absorptive than wood, and increased 
quantity of oil and turpentine is necessary. In paint- 
ing on iron, on the (contrary, a smaller proportion of 
thinners (^.r.) is required. IRON Work Paint- 
ing. Distempering is the art of painting in water 
colours. Distemper is made from pigments diluted 
with water, to which has been added some substance 
such as size to bind the particles of the pigments 
together. The pigment usually eraployc^d for dis- 
temper is whiting, which possesses considerable body 
when mixed with water, altlmugh very poor body 
when mixed with oil. The whiting is broken up in 
small pieces, and allowed to soak in water, and tlicn 
stirred and broken up until of uniform consistency. 
Ordinary size melted, but not boiled, is then poured 
in ; and if the distemper is to be coloured, the tint- 
ing colour is now added, and the whole thoroughly 
stirred up, and finally strained, when it is ready for 
use. The size must be of good quality, and only a 
little used, or tho di.stemi)cr will be apt to flake. 
Before the distemper is applied, it is usual to give 
plaster or other work a coat of clairecolle to 

prevent absorption. The application of (li.^temper 
requires some practice to prevent laps and streaks 
showdng and to get the surface uniform. Some 
colours cannot be used for distemper, as the whiting 
destroys them. The following is a list of the colours 
« which may be safely employed for this work : 
Yellow ochre, sienna, umber, Vandyke broj^m, cad- 
mium yellow, vermilion, red lead, Venetian red, 
Indian red, ultramarine blue, chrome green, emerald 
green, and all black pigments. The custom in many 
parts of the country in distempering a ceiling is to 
add a little ultramarine blue or black, in order to 


get rid of the yellow cast. !nu8 practice, however, 
is not to be recommended. If a perfectly white 
ceiling is required, a little blue may be added, pro- 
vided that the surface of the walls is blue. In other 
cases the rule is to add to tho white washable dis- 
temper a little of the same colour as that which 
prevails on the wall. This renders the surface of 
the ceiling apparently quite white. Of lat^ years 
the use of washable distempers has increased enor- 
mously. Those are distemper colours, sold ready for 
use or requiring only the addition of water. They 
are made in a large variety of colours, ranging from 
the most brilliant red down to pale yellows, greens,, 
and greys, and include in their composition size,, 
casciii, or other binding material which renders thorn 
washable after they have been on the wall for some 
weeks. In interior decoration this class of paint is 
rapidly increasing in use, and a wall finished in some 
of the bright colours has a firm and pleasing appear- 
ance, mu(*,h more satisfactory than wallpaper, and 
much more durable. Sf‘e also Relief Dbcobajion^ 
Varnishing, Marbling, Graining, Paper hang- 
ing, Wallpapers, Painters’ Brushes. 

Houses Let in Lodgings. P>y Sec. 94 of the Public 
Health (X.ondon) Act, 1891, sanitary authorities are 
empowered to make byelaws: (a) for regulating 
the number of persons and separation of the sexes 
in a bou.se or part of a house let in lodgings; {b) 
for the registration and inspection of such houses; 
(r) for (liainagc, cleanliness, and ventilation; ( d ) 
for cleansing and limewashing at stated times ; (c) 
for taking precautions in case of infectious disease. 

Housing (.Carp, and Join.) A form of joint where 
the whole tliiokness of one piece is lot into another 
piece. The ends of the treads and risers of a stairoa.se 
are housed into tho wall .string (^.r.), i.e. the ends 
of these boards are fitted into grooves cut in the 
.string. 

H.P. (AVty.) The symbol for horse power iq.v*) 

Hubs Cycles. 

Huckaback (^(hfton JSJanufac.) A standard weave 
for giving a rough feel and appearance to a cloth,, 
which, however, is firmly bound. Used for towels, 
etc. 

(^Linen Mawfac.) Thi.s is an old standard 

pattern used for towellings. It is a mixture of plain 
cli)th and a lit tie float, which gives the cloth a fine 
.spot appearance wdth a rr>ugli surfaci% and makes 
it specifiliv suited for tho purpose for which it is 
intended. 

Ruddlestoiie Stone. See Building Stone. 

Hue {Dec.) A word used as a qualifying term in 
connection with colour ; thus, if two crimsons are 
compared, one of theni may Imj .said to have a redder 
hue tlian the other. Strictly speaking, hue is the 
re.sult of compounding two or more colours, which 
thus form hues of the i)articular colour which pre- 
dominates. The word hue is frequently employed 
as a synonym for colour, 

{Li{fht). The true tint or colour of light. 

See Colour. 

Humerus {Zoology). The large bone of the fore 
limb. Jt articulates with the shoulder girdle, and at 
the other extremity with the RADIUS and Ulna 

Hnmette {Tier.) An ordinary “couped” so that 
it does not extend to the edge of the shield. Used 
chiefly of a fesse. 

Humidity {MeteoroLt Phys,) Tho humidity of the 
air is the amount of moisture which it contains. 
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The three terme often used in speaking of atmo- 
epherlc moisture are : (1) Absolute Humidity, the 
actual amount of water contained (in the form of 
vapour) in a given volume of air. (2) Relative 
Humidity, the ratio of the amount of moisture 
actually present to the amount necessary to cause 
saturation. (3) Dew Point ( q . v .) 

Hi&nouF, Aqueous. The fluid Ailing the smaller 
anterior chamber of the eye, between the cornea and 
the crystalline lens. 

^ j Vitpeous. The delicate jelly-like substance 
filling the larger posterior chamber of the eye, 
between the crystalline lens and the retina. 

Hundredweight. See Weights and Measubes. 

Hung {Caty avd Join,) A term denoting that a 
door is fixed on hinges. 

Hunter's Moon {Axtron.) llie full moon following 
the harvest moon rises in a nutnner similar to 
the latter ; tlie peculiarity, however, is less noticeable 
than it is in the case of tlie harvest moon. 

Hunting (^Eng.) Variations of speed of an engine 
when the governor is not controlling it efficiently, 
i.c. when the governor is slowing the engine down 
and it goes on losing speed too long; when the 
governor is acting so as to increase the speed, and 
the speed goes on increasing be 3 'oad the proper 
amount. Under these circumstances the governor 
requires alteration. 

Hunting Cog {Eng,) The provision of an extra 
tooth (the hunting cog) in a tooflicd wheel, so that 
the number of teeth on the wheel is not an exact 
multiple of those on the pinion. This prevent.^ the 
same set of teeth from corning continually into 
contact, and equalises tlie wear. 

Hurricanes {Mcicorol,) Wlien cyclones in the 
torrid zones reach their greatest development they 
are called by tiiis name. These atmospheric whirls 
vary from a few miles to .several huudre<l miles in 
diameter, and arc accompanied by great violence of 
wind and torrential rainfall. Frequent in the West 
Indie.s. 

Hyacinth {Min,) A transparent red variety of 
“ZiucoN {(j[,r.)t u.scd as a gem. See aho Cinnamon 
Btone. 


Hyalite {Min,) A colourless glassy variety of 
Opal (fj»r.), occurring as a mammillated incrustation. 

Hydra {Eer,) A fabulous heraldic beast. A 
dragon wil-h hcvcn heads. 

Hydracrylic Acid {Chem.) 

CH.,OH 

CH, (/3-oxypropionic acid, or /3-lactic acid). 
COOH 

A syrupy liquid having properties both of an acid 
and an alcohol : it is isomeric with lactic acid. It is 
obtained bv boiling acrylic acid with dilute caustic 
soda: CH„» CH - COOH + Hp = CHj,OH . CH., . COOH. 
Also ethylene as follows : 


CH, 


CH, 


II " 1 -> I ^0 

CH, HOCl CH,OH KOH CH/ 


CH,OH 


CHjfOH 


HCN CH,CN CH, 

Dilute I 

COOH. 


Hydramine {Photo,) A name given to a substance 
formed by mixing together hydroqninone and paia« 
diamidobenzene, C^H/KH,),. It crystallises in thin 
plates which are slightly soluble in cold water, bat 
more easily in presence of sodium sulphite, and still 
more so with caustic alkali. It wUl develop an 
image by itself when simply dissolved in water. 
Caustic lithia, however, is usually employed with it 
as well as sodium sulphite. The following formulas 
is recommended : Hydramine, 216 grains ; sodium 
sulphite, 13*4 grains; caustic lithia, 1*25 grains; 
water, 1 oz. 

Hydrant. A stand pipe connected to a water 
main, and intended to afford a supply of water in 
case of fire. 

Hydrargymm {Chem.) The Latin name for 
mercury, ft om it is derived the symbol for mercury, 
Hg. ^ Mbbcuby. 

Hydrastine {Chem.), C.,,H^XO<j. A well crystal- 
lised (rhombic pri.sms) alkaloid, occurring along with 
berberine in Hydrastis canadensis. Melts at 132®. 
It is Ijevorotatory in chloroform solution. When 
administered it contracts the blood vessels. It is the 
active principle in the alcoholic extract of the 
hydrastis root used in medicine. The constitution 
of this alkaloid is known, but i.s too complex to be 
given here ; it is an isoquinoline derivative. 

Hydrated {Chem.^ Min., etc.) Combined with (or 
in some cases mixed with) water. 

Hydraulic Accumulator {Eng.) A reservoir in 
the form of a large vertical cylinder, furnished with 
a heavily loaded piston. Water forced into the 
vessel by means of powerful pumps is maintained at 
a constant pressure, which is determined by the 
amount of load on the piston. 

Hydraulic Belt {Eng,) A belt of some porous 
materia], driven at a very high speed, with one part 
dipping into water. The belt “ licks up ” the water, 
and a layer of water adheres to the belt and can be 
raised to a high level, thus serving as a pump which 
has no valves or passages liable to be choked up by 
impurities. 

Hydraulic Crane {Eng.) A crane in which the 
chain is moved by a hydraulic press or ram. The 
powerful short stroke of the ram is converted into a 
long movement of the chain by an arrangement of 
pulley blocks. 

Hydraulic Leather. A Cup Leather. See 

HyDRAULlC J^BESS. 

Hydraulic Lime {Build.) Lime that is capable 
of setting under water. See Cements. 

Hydraulic Limestone {Geol.) Any limestone 
whose composition fits it for the manufacture of a 
cement which will set under water. See also 
Cements. 

Hydraulic Machinery {Eng.) A term applied to 
presses, rams, etc., which arc worked by water forced 
in under pressure. The pressure is maintained by a 
reservoir at a high level, or a hydraulic accumulator 
{q.v,), into which the water is forced by a pump 
worked by an engine. 

Hydraulic Main {Gas Manufac.) See Ga#^ 

Manufacture. 

Hydraulic Mean Depth. The hydraulic mean 
depth of a pipe of any shape equals the sectional 
area of the current of fluid divided by the wetted 
perimeter. In circular pipes it is always one-fourth 
of the diameter; in pipes of oval or elliptical 
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Beotion, each as 6gg«shaped4iewerB, it varies aocxnrding 
to the level of the liquid flowing in them. 

Hydrniilie Motor A small engine driven 

by water under pressure. It may be either of the 
reciprocating type, with cylinder and piston, or some 
form of turbine (^.r.) 

Hydraulic Press or Ram. Most hydraulic 
maobinery depends for its motion upon a cylinder 
which is of one well marked type, shown in the 
illustration (fig. 1). A heavy 
casting A forms the cylinder, 
bored out at b to make a 
smooth fit with the Bam or 
piston a This piston carries 
the Hbad d, which possesses 
a broad flat surface if used for 
raising weights or for com- 
pressing any material. At E 
the cylinder has a channel 
bored out in the metal, and 
this channel contains the Cup 
LKATHEB shown in section in 
2. The water forces this 
leather into close contact with 
the inside of the channel £ 
and the ram c, thus making a 
watertight joint. Water enters 
at F, being forced in by a 
pump, or from a reservoir or 
accumulator, in which it is stored under pressure. 
If the ram is required for working a crane, the head 
D is re]>laced by a set of pulley blocks, over which 
runs a chain so ananged as to 
multiply the motion of the 
ram to any extent required. 

For example, tlie motion may 
be multiplied four times, so 
tiiat if the ram move 1 ft, the end of the chain moves 
4 ft. The head D may carry dies used in shaping 
metal, either cold or hot, thus forming a IlYDEAUHC 
FOBaiNO It may be connected directly to a 

lift, forming a Htdeaulic Lift, in which case the 
cylinder is elongated so as to have a length of stroke 
equal to the height of the lift, or else the lift may 
be raised by tackle similar to that of the hydraulic 
crane. This arrangement is often termed a H ydrau- 
^ Lio Hoist. A small press for raising w'eighls is 
' termed a Hydraulic Jack, and is often portable, 
being driven by a hand pump. The tubing F is usually 
a thick walled pipe of iron or steel, often called 
Hydraulic Tube, even when used for other purposes. 

Hydraulics {E^ng.) The science dealing with 
liquids in motion, in connection with their useful 
application, as distinguished from hydrodynamics 

(?•«•) 

Hydrsusine (Diamide). Pro- 

bably a gas ; best known as the nydmte . H,jO, 
a colourless, fuming liquid. Boils at 1 1 8’’ at 789 mm. 
When heated the hydrate attacks glass, and destroys 
cork and rubber. Powerful reducing agent ; strong 
diacid base. Prepared from aminog^anidine, 

(iee Guanidine), by boiling with 

strong caustic soda solution, and adding sulphuric acid 
to cooled solution to obtain hydrazine sulphate. The 
latter compound is distilled with caustic potash 
solution in silver retort with silver condenser. 

Hydvaidnes iChsou) Substitution products of 
itydmidne, but they are not formed as a rule directly 
from hydrazine; s.y. hydrazobenzene (;.v.) is sym- 
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metrical dipbenylhydrazlne. See aUo FhbkyXi* 
HTDRASINB. 

Hydraiobeiiieiia iChem.), OeH.KH . KH , 0 A. 
Colourless leaves ; melts at ISl** ; oamphorliM 
smell ; oxidised in moist air to azobenze ; insoluble 
in water ; soluble in alcohol and in ether. Strong 
acids convert it into benzidine (^.v.) On reduction 
it yields aniline. It may be prepared by reduction 
of nitrobenzene (u) by zino dust and caustic sorla 
solution ; (^) by electrolysis, using copper cathode 
and lead anode, the former being immersed i# on 
alcoholic solution of nitrobenzene containing a little 
sodium acetate, and the latter in a porous pot con- 
taining strong sodium cai'bonate solutton. 

Hydrazoic Acid Azoimidb (£.e.) 

Hydrazones (^Ch^m.) Compounds formed from 
organic substances of various classes which contain 
the carboxyl group ( — CO — ) by union with 
phenylhydrazine and elimination of water. Thus 
aldehydes and ketones of eve:^ kind form bydra- 
zoncs, and their formation is used in' deciding 
whether a substance is an aldehyde or a ketone. 
Examples of the formation of hydrazones are : 

CH. CH, 

(io +H,K.NnCaHs= : N . NHC.Hj + H,0 

Pncnylhydruzine. 

H 

Aldehyde Hydrazone. 


CH, OH, 

diO +H,N.N«CeHji - i : N . NHC,Hj + H,0 

OH, Oil, 

Acetone Hydrazone. 

These two hydrazones are crystalline solids. The 
hydrazones revert to their constituents when heated 
with dilute acids. They readily form heterocyclic 
compounds with loss of ammonia ; then if acetone 
hydrazone bo heated with zinc chloride we have : 

CH, c;h 

C : N . NHO.II, = CH, . + NH, 

ril 

^'^^3 a-Mothyl Indole, 


For another example of a hydrazone »ee Ethyl 
AcETO ACETATE. The dihydrazones are called 
osazones (<y.v.) 

Hydrides {Chem.) Compounds of two elements, 
one of which is hydrogen. The non-metallio hydride^ 
are gases or liquids, e.g. I1./J, HOI, KHg; the 
metallic hydrides are solids, usually unstable. 

Hydriodic Acid, Hydrogen Iodide (Chem,)^ HI. 
A colourless gas ; pungent odour ; liquefies at (F 
under a pressure of 4 atmospheres ; solidifies at 
— 55^ The gas is 4*4 times heavier than air : much 
more readily decomposed by heat than cither hydro- 
chloric or hydrobrornic acids. It is also decomposed 
by sunlight. It is very soluble in water, the solution 
forming a strong acid, and, unlike the two acids 
jast mentioned, it dissolves silver. The solution is 
decomposed by sulphuric acid thus : 

2HI + HjSO, « I, + 2HgO + SOg. 

The strong solution is much used as a reducing agent 
in organic chemistry. Thus it reduces iodoform to 
gmethylene iodide, CHI^ + HI ^ CHgIg + Ig, and tar- 
taric acid to malic acid, and then to su^nic acid 
Ilie acid is prepared by precisely similar 
methods to hydrobrornic acid (g.v*) Its ealts are 
called iodides (inoiganio) or hydriodides (oiganio). 
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Hydvobvomio leld, Hydi^«a Bmmide CCkem.% 
HBr. A colourless gas; imtating smell; fumes 
in air ; liquefles at — 6 d°. Very soluble in water^ 
farming ibe ordinary hydrobromio acid solution* 
which has similar properties to hydrochloric add* 
but is decomposed by strong sulphuric acid. 

HjSO* + 2HBr - 2H,0 + SO, + Br,. 

It may be obtained bypassing hydrogen and bromine 
vapour over heated platinum ; by action of sulphur 
^xide upon bromine in water (reverse of equation 
g^ven above); by dropping bromine into mixture 
of water and amorphous phosphorus, and passing 
the gas evolved over moist amorphous phosphorus 
to remove bromine vapour. 

P + 6 Br + 4H,0 » uHBr + H,PO*. 


HydPOoarboiiB. Compounds of carbon and hy- 
dro^n. The possible number of these compounds 
is infinite; the knovm number is very large. To 
imderstand how it is that carbon can form an un- 
limited number of compounds with hydrogen, it 
must be remembered that the carbon atom is 
tetravalent, that is, it has the power of combining 
with four atoms of hydrogen or three atoms of 
hydrogen and one other atom or group equivalent in 
combining value to one atom of hydrogen, and so 
on ; that carbon atoms have a unique power of com- 
bining with one another, and that they can do this 
in three different ways, viz. two atoms can combine 
together with one combining ..unit of each, giving 
what is called the tthigle Ihildng^ or with two com- 
bining units of each giving the double linking^ or with 
three combining units of each giving the treble 
Uniting. The following classes of hydrocarbons 
exist:— (1) Opex Chain ITyduocabbons : (cr) Sat- 
urated, (b) Unsaturated. (2) CLOaKD Chain Hydro- 
carbons or Cyclic Hydrocarbons. In the first 
class the carbon at oms are so united that they do not 
form a closed figure or ring. The saturated hydro- 
carbons of this class arc called paraffins ; they 
may all be regarded as dcri\ cd f rom the first member, 
methane, CH,. Suppose two liydrogen atoms are 
removed, one rrom each of two molecules of methane, 
and the residues united, we get the next member. 


ethane, 


CH, + CH, 



CH, - CH,. 


This process can be repeated indefinitely. The 
member next to ethane is propane, C,Hg. If it is 
written CH, . CH 3 . CH„ we see that two different 
hydrocarbons w ill result, according as we now replace 
a terminal hydrogen atom by ClI, or a central 
hydrogen by CH,, thus : 


CH, . CH, . CH, . CH, 


CH,. 

CH,/ 


CIl . CH,. 


The compounds so produced are different, but both 
have the formula C^Hjo. The first is called butane, 
and the second isobutone. As we pass up the series 
the number of hydrocarbons having the same empirical 
formula, but different constitutional formulae increase 
very rapidly. There are 802 hydrocarbons of the 
formula Oi,H,g. These hydrocarbons are called 
mturated, because every ca^on atom is united to 
its maximum number of hydrogen atoms, and the 
carbon atoms are ** singly linked ” together. If from 


two molecules of metl^e we take away bom each 
two hydrogen atoms Aid unite the residiiM thus : 

H, CH, OH, 

H,| CH, 6 h. 

we have the unsatuiated hydrocarbon ethylmie* 
C,H 4 . It is called unsaturated because eadi oarbom 
atom has the power to unite with one hydrogen atom 
to form the saturated hydrocarbon ethane ; also its 
carbon atoms are said to be ** doubly linked.*' A 
aeries of hydrocarbons can be derived from ethylene 
by the same procedure as the paraffins are derived 
from methane ; they are called olefines (g.v.) In a 
precisely similar way the acetylenes (g.v.) arise. 
The closed chain hydrocarbons have tbeir carbon 
atoms joined in such a way as to form a closed fi^ie 
or ring. In the hydrocarbon hexane, CH, . CH« . 
CH, . CH, . CH, . CH^ if one hydrogen atom be 
removed from each terminal carbon atom these 
will unite, and the six carbon atoms form a ring, 
„ hexamethylene (g.v.) This com- 

pound Js a derivative of benzene 
ncr which the carbon atoms 

are known to be united in a ring. 
The number of these cyclic hydr^ 
H C CH carbons is very large. For exam- 

* ’ ples,#/ffTRIMETHYLENlD,BHN2BNB, 

CH, Naphthalbne/Anthracbnb. For 

simplicity we have spoken in what 
has gone before of the removal of hydrogen atoms ; 
in fact, this is done indirectly. Halogens are first 
introduced, generally bromine or iodine, and these 
removed by sodium or other appropriate reagents. 
See PABAFFIKS, OLEFINES, ACBTYLBNBS, and aUo 
Foods. 

Hydrocapbons* Native ( Qeol.) A general term ap-> 

plied to coal, lignite, brovm coal, oil shale, and other 
carbonaceous deposits of sedimentary origin, as well as 
to any of a large series of hydrocarbon compounds 
of somewhat more definite chemical composition, 
which occur in tiie mineral state. Amongst these 
may be instanced amber, petroleum, aspbaltum, dastio 
bitumen, jet, etc. 

Hydrochloric Acid (Chem.\ HCl. Also termed 
Hydrogen Chloride, Spirits op Salt, Mubiatic 
Acid. A colourless gas with keen acid smelA; 
liquefies under a pressure of 40 atmospheres at lOr ; 
solidifies at — 115°. The dry gas and the liquid are, 
chemically speaking, very inactive — do not redden 
litmus nor attack metals. The gas is very soluble 
in water: at 0° and 760 mm. 1 volume of water 
dissolves 603 volumes of hydrogen chloride, or under 
the same conditions 1 gram ot water dissolves 
•825 grs. of the gas. The moist gas or its solution ^ 
in water behaves as a strong acid. See AciD. The ^ 
gas is partly decomposed (dissociated) above 1500° ; 
when not perfectly dry, it is decomposed by sodium, 
giving half its volume of hydrogen. To obtain it on 
the large scale common salt is heated with sulphuric 
acid. See under Alkali. In the laboratozy it is 
prepared by heating common salt with sulphuric 
acid in a glass flask, and passing the gas evolved 
through a small quantity of water to wash it, 
NaCl + H,S 04 =- NallSO* HCl. The gas can' be 
dried by passing it over calcium chloride or through 
concentrated sulphuric acid. It is also product 
when any chloride (except silver chloride and mer- 
curic chloride) is heated with sulphuric acid ; when 
chlorine acts upon hydrocarbons, forming substitation 
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products, OH^ + Cl, » CH,01 + HOI ; and when 
hydrogen and chlorine (not absolutely diy) are mixed 
together in equal volumes and exposed to a bright 
light. In the latter case, if the illumination is 
momentary only, a sudden expansion occurs, and 
the mixture recovers its original volume (** Draper 
effect *')i only a trace of hydrogen chloride being 
formed. Its salts are called chlorides in inorganic 
chemistry ; hydrochlorides in organic chemistry. 

Hydrocyanic Acid, PfubbIc Acid iChem.\ HCN. 
Colourless liquid, said to have smell of almonds; 
but people differ enormously in their sensibility to 
the smell. Boils at 26*^ ; solidifies at — 15° ; one of 
the most poisonous substances known ; burns with 
violet flame ; mixable with water in all proportions, 
contraction occurring. On keeping, the dilute acid 
undergoes hydrolysis {q.v.), forming ammonium 
formate and other substances : 

HCN + 2H,0 = HCOONH,. 

It occurs as a product of hydrolysis of the glucoside 
amygdaHn (g-’o.') Oil of bitter almonds prepared 
from this substance may contain in a crude state up 
to 15 per cent, of the acid. The acid is prepared 
by distilling potassium ferrcxjyanide with dilate 
sulphuric acid: 

2K4Fo(CN), + SH^SO,^ K,Fe . Fe(CN), + 6HCN. 

If the a(iid is required anhydrous it can be dried 
over calcium chloride. The British Pharmacopoeia 
acid is 2 per cent, hydrocyanic acid. The salts are 
called Cyanides. 

HydFodynamicB. The purely theoretical science 
dealing with the motion of fluids. 

HydFoferricyanic Acid iChem,), H^FeCCNV 
Shining brownish green needles; soluble in water 
and in alcohol ; insoluble in ether ; it is unstable. 
Obtained by adding sulphuric aciil to lead ferri- 
cyanides, or by adding concentrated hydrochloric 
acid to a cold saturated solution of potassium ferri- 
cyanide. It is doubtful if the pure acid has been 
obtained. Its salts arc called Ferhioyanides. 

J^drofeiTocyanic Acid TI^FeCCNV 

White pearly leaflets ; soluble in water and in 
alcohol ; insoluble in ether. It is a strong tetrabasic 
acid ; decomposes on heating to 400° C. into hydro- 
cyanic acid and the compound H.FeCCN)^. It is 
obtained by saturating a concentrated solution of 
potassium ferrocyanide with ether, and adding excess 
of hydrochloric acid. The precipitate obtained is 
repeatedly dissolved in water and precipitated by 
ether. Its salts are called Febkocyanides. 

Hydrofluoric Acid HF. A colourless 

liquid ; l)oils at 10*5° ; fumes in air. Ilie fumes are 
very dangerous if' inhaled : the liquid causes sores if 
dropped on the skin. It does not attack glass if 
perfectly anhydrous ; but the presence of a trace of 
water causes it to do so with great avidity. On this 
ac.count the strong acid is kept in platinum vessels ; 
the dilute acid can be kept in guttapercha bottles. 
The action lyon glass is as follows : The silica gives 
silicon tetrafluoride (a gas) ; the sodium and calcium 
are converted into fluorides. 

SiO, + 4HF = 8iF, + 2H.,0 
Na.0 + 2HF = 2NaF+ H.O 
CaO + 2HF * CaF, + H,0 
Tlte vapour density of the acid is two and a half 
times normal, just above the boiling point, but 
becomes normal at 90°. The anhydrous acid is 
prepared by heating the acid potassium fluoride 


(HF . KF) in a platinum retort with a condenser and 
receiver of the same metal, a freezing mixture being 
used to condense the acid. The dilute acid is 
obtained by heating calcium fluoride (fluorspar) 
with sulphuric acid in a lead apparatus. The acid 
is used for etching on glass. The salts of hydro- 
fluoric acid are called Fluobides; most metallic 
fluorides are soluble in water; only those of the 
alkaline earths are insoluble, and are obtained by 
dissolving the carbonate in hydrofluoric acid, or, in 
case of the insoluble fluorides, by precipitating a 
soluble salt of the metal with a soluble fluoride. 
Calcium fluoride is insoluble in water, while the 
other halogen calcium salts are very soluble. Silv«*r 
fluoride is soluble, while the other halogen silver 
salts are insoluble. 

Hydrofluosilicic Acid (^Chrm.)t HjjSiF^ Only 
known in solution ; the strong solution fumes in air. 
It is prepared by dissolving silica in hydrofluoric 
acid or by passing the gjis silicon tetrafluoride into 
water and filtering from the gelatinous silicic acid 
formed at the same time, SiF. + 4II3O =* H.^8iFg + 
It is occasionally used as a test for potas- 
sium and for barium, as solutions of the salts of 
these metals give colourless precipitates with hydro- 
fluosilicuj acid; viz. KjjSiKg, potassium silicofluoride 
and BaSiF^, barium silicofluoride. Potassium silico- 
fluoride is used in the preparation of Silicon (<7.^».) 

Hydrogen {Chcm.\ H. Atomic wcigiit, 1. A 
colourless odourless ga.s; the lightest substance 
known; very slightly soluble in water; when lique- 
fied the liquid boils at — 255° C., and the solid melts 
at — 257° C . ; the specific heat of the solid (obtained 
by calculation from latent lieat of evaporation) is 
about 6, whicih is higher than that of any known 
substance. It readily unites with o.xygeu to form 
water, and the union is ac(;omp;miod by eviJution 
of much heat. Thus when a mixture of 2 volumes of 
hydrogen and 1 ViAiimo of oxygen is burned, we have 
the intensely hot oxyhydrogeii flame ; wiien hydrogen 
burns in air the flame is not so hoi on account of 
the diluting action of the at»ijospherio nitrogen. 
Hytlrogen combines readily 'Mth chlorine to form 
hydrogen chloride — another reaction which gives rise 
to much heat. Neither of the se actions takes place 
if the gases are ab.<;oJutely dry. On account of 
these reactions hydrogen is cabed a strong reducing 
agent. See Bedlction. Thus, when passed over 
certain metallic oxides heated to redness, it unites 
with their oxygen, and the metal is set free; e.g. 
CuO, Pbf), HgO. When passed over heated feme 
chloride, it gives ferrous chloride and hydrochloric 
acid giis, FcClg + II = FcCL + IICl ; or if zinc and 
hydrochloric acid are added to a solution of ferric 
chloride, the hydrogen which would be set free from 
the zinc and hydrochloric acid removes chlorine 
from the ferric chloride, producing ferrous chloride. 
This is an example of the use of Nabcent Hydbogen ; 
the hydrogen in this case reacts when it is in the 
ionic l^see Ions) condition, that is before the hydrogen 
atoms have had time to form the stable hydrogen 
molecule. Hydrogen occurs to a minute extent free 
in the atmosphere, in a state of combination in 
water (J part by weight), in all acids, and in all 
naturally occurTing organic substances. It may be 
obtained : (1) By decomposition of water acidified 
wi^ sulphuric acid by a current of electricity. 
(2) From water by the action of metals BWih as 
sodium, potassium, or calcium, which decompose 
water at the ordinary temperature, 2K + IlgO 
2£OH + Hj, or by passing steam over iron, magne- 
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Siam, and oertsdn other metals heated to redness, 
Mg + H2O » MgO 4- Hg. (B) By the action of acids 
(except nitric acid) on some of the commoner metals, 
such as zinc, iron, tin (not copper or lead), Zn + 
2HC1 » ZnClj + H,. (4) By heating alomininm or 
zinc with caustic soda solution. Hydrogen is used 
in filling balloons and airships, and in the oxyby- 
drogon flame. See Oxyhydbogbn Flame and 
Light. Acids are often called hydrogen salts ; e.ff. 
nitric acid is sometimes called hydrogen nitrate; 
sulphuric acid, hydrogen sulphate; and so on. 

Hydrogen Chloride (67^m.) This name is gener- 
ally used for hydrochloric acid gas. See Hydro- 
OHLOBio Acid. 


Hydrogen Dioxide Hydbogbn Pebox- 

IDJ3 (g.v.) 

Hydrogen Disodiam Phosphate {Chrm.) The 
coruiuon phosphate of sodium. See under 80 DIUM 
Compounds. 


Hydrogenlnm ( Chem.) When palladium is heated 
in hydrogen it absorbs 930 times its own volume of 
the gas, and increases about 10 per cent, in volume. 
The name hydrogenium has been given to this 
absorbed hydrogen. The spccilic gravity of hydro- 
genium has l>ecn calculated to he *62 ; this value is 
eiglit times that of liquid hydrogen. 

Hydrogen Monoxide ( Chem.) Water 
Hydrogen Nitrate ( Chem.) N i-tric Acid {q.v,) 

Hydrogen Peroxide, Hydrogen Dioxide ( Chem.), 
HjOj. A colourless liquid ; when pure it is about 
half as heavy again as water; it freez(is at a very 
low temperature. The p\irc substance easily decom- 
poses into water and ox>gen; on complete decom- 
position it yields about f)(X) times its own volume of 
o.xygen. Hydrogen peroxide is usually sold in two 
strengths, “20 volume ” and “ 10 volume,*' meaning 
hydrogen peroxide of such strength that the first 
gives 20 times its own volume of oxygen when 
heated, and the second 10 times its volume. 
Hydrogen peroxide is soluble in ether. On account 
of the case with w'hich this sub.'^taucc yields oxygen, 
it is a powerful oxidising agent {aee Oxidation) : 
thus it converts inctjils such as iron and miignesium 
into the hydroxides ; it oxidises many lower oxides to 
higher oxides, as sulphur dioxide to sulphuric acid, 
arsenious oxide to arsenic a(dd, the action in the 
case of metallic oxides taking place in alkaline solu- 
tion ; it oxidises lead sulphide (black) to lead sulphate 
(white), hence its use in restoring oil paintings ; it 
oxidises many organic substances, hcncc its use in 
bleaching hair, silk, ivory, etc., and as a dontrifice. 
With ozone and silver oxide a reduction occurs ; 


H^O- + 0, = HgO + 20,; 

* ' + H,0., - H.,0 + 2Ag + 0.,. 


A number of finely divided and dry solids resolve 
hydrogen peroxide into water and oxygen without 
apparent change themselves ; such are carbon, 
platinum, manganese dioxide. Hydrogen peroxide 
occurs in small quantity in the atmosphere. It is 
formed when a burning jet of hydrogen is allowed 
to impinge on a surface of ice cold water. It is 
usually prepared by adding barium peroxide gradmUly 
to cold d^te sulphuric acid, always keeping 
the latter in excess ; the excess of acid can be 
removed by baryta water. The insoluble barium 
sulphate is filtered off, and the peroxide concen- 
trated over sulphuric acid under reduced pressure. 


See also Sodium Dioxide. The two best tests ior 
hydrogen peroxide are : (1) It liberates iodine from 
potassium iodide, -1- 2KI « 2KOH 4* I*. (2)<;ta 
adding chromic acid and then ether, the ether is 
coloured blue. 

Hydrogen Phosphide* Another term for phos- 
phoretted hydrogen. See under Phosphorus Com* 

POUNDS. 


Hydrogen Sulphate {Chem.) Another name for 
Sulphuric Acid {q.v.) 

Hydrogen Sulphide {Chem.) Another name for 
sulphuretted hydrogen. See under Sulphur Com- 
pounds. 


Hydrolysis {Chem.) The resolution of certain 
classes of organic compounds, such as esters, amides, 
and nitriles, into two simpler compounds by the 
fixation of the elements of water. When ethylacetate, 
for example, is boiled with water it yields alcohol 
and acetic acid, and the change may be supposed to 
take place thus : 

CH, CH, CH, 


CO + UOH 
OCJL 




vOH 

XOIT 


=C 


* OCgHj 

Similarly acetamide gives acetic acid and ammonia : 
CH„ CIT3 CH, 

I I /OH I >OH 

CO + HOH = C NOH = \ + NH,. 

I I O 


xOH 


4. CajOH. 


NH., NH., 

The rate of hydrolysis is greatly accelerated by the 
presence of an alkali such a.s caustic soda, or an acid 
such a.s hydrochloric. In the case of ethylacetate 
the caustic soda would neutralise tlie acetic acid and 
thus prevent any reverse reaction; in the case of 
acetamide an acid would neutralise the ammonia. 


Hydrometer {Phys.) An instrument for directly 
measuring the specific gravity of liquids. It consists 
of a graduated glass tube made to float veitically in 
the liquid by means of a hollow bulb below, suitably 
weighted with shot or merciny. The graduations are 
usually on a paper scale inside the sealed tube. 
Evidently the instrument will sink in any liquid 
until it displaces a volume, of liquid equal to it.sclf in 
weight ; i.e. in a dense liquid it will .«ink to a smaller 
depth than in a less dense one. In order to avoid 
inconvenient lengths of stem, it is usual to employ 
distinct instruments (or a range of instruments) for 
liquids denser and less dense than water respectively. 
The earlier instruments of the kind were graduated 
in .such a way tliat a calc.ulation was required to 
give the specific gravity. See Hydrometer Scales. 
Now they are usually made direct reading, and are 
very useful for rapid determination when sufficient 
liquid is available and great accuracy is not es.*<cntial. 

, Nicholson’s. This instrument is of more 

interest theoretically than practically, and is really 
more suitable for taking the specific gravities of 
solids than for liquids. Its advantage is that it can fc 
be applied to either purpose. It is usually a brass 
cylindrical float, carrying scale pans above and below, 
the upper one being attached to the float by a narrow 
stem on which is a single fixed mark, and the whole 
weighted to float vertically. In use the instrument 
is floated in water, and weights placed in the upper 
scale pan until the fixed mark is level with the water 
surface ; then it is placed in the liquid in question, 
and weights added or subtraoted until the fixed mark 
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is again at the liquid level. Let w » weight of 
inetruznent, w, m weight xeqnired to sink it to fixed 
mark in water, anid w, « weight xeqnired for the 
same purpose in the liquid; 

then w + Wjsss weight of wat^sr displaced 
I w + „ „ liquid displaced 

and the volume in each case is the same. 


/, S.G, of the liquid = — i 

w -h Wj 

In the case of a solid insoluble in water, a piece of 
it is placed in the upper pan, and weights removed 
until the fixed mark is level with the water surface. 
Then if w, be weight now in scale pan, the weight 
of the solid is w,— Wg. The solid is then placed in 
the lower pan, and weights added to upper pan until 
level is same as before. Let lye weight now in 
scale pan, then weight of water displaced by solid 
is W,-W, ; 

w — w 

hence 8.0. of the solid is — ^ 

W.-Wg 

Hydrometer Scales. These may be graduated to 
lead off the specific gravity <UrectlY, e.g, in water 
the level of the liquid is opposite to tlic point marked 
1 on the scale. In a liquid whose specific gravity is 
•996 the level of tlie liquid is opposite to the gradua- 
tion marked *995, and so on. In many cases, however, 
water is taken as 1,000, and the reading in the case 
quoted then becomes 995. Several arbitrary scales arc 
in use in various trades, e.g. those of Baume, Beck, 
Qabtieb, and Twaedell. To obtain the actual 
density of a liquid from the reading on any one of 
these scales, the following formulae may be used ; in 
each case tlie reading (in scale divisions or hydro- 
meter degrees) is denoted by a. 


^ 144 

Baiim4*s Scale (lighter than water) density 

114 -f X 

(heavier 

) - y-* 

144 - X 

Cartier's Scale 

13G-H 

126-1 4- a 

Beck's Scale 

_ 170 

170 ±r 

100 + '- 

Twaddell’s Scale ... 



lOU 


Thus let the density of a liquid be 30® 'J’waddcll, 
then the actual value of the specific gravity is 


KK) + 
100 


M5. 


Hydlpoquinone or Paradioxy Benzene {Cliem,), 
Ojll/OH)-; also called Quinol. A white crystalline 
solid ; melts at 169° ; easily soluble in water, alcohol, 
or ether. It is a reducing agent, being oxidised to 
qninone. It occurs combined with glucose in the 
gloooside arbutin in the bearberry. It is obtained 
w reduction of quinono {q.v.) by sulphurous acid. 
me Following. 


— - (Photo,') This substance was first introduced 
as a developer for gelatine plates by Ca})tain (now 
Sir William) Abney in 1880. It works well without 
the addition of bromide, giving negatives beautifully 
olean and of good colour. It has a tendency to give 
contrast, and for this reason is valuable in cases of 
over exposure. 


Hydroqniaone Bv (Photo.) This is hydroqninone in 
which one atom of hydrogen hays been replaced by 
bromine : 

COH 



(0,H,(OH)^r) 


COH 

It is said to produce softer negatives than hydro* 
quinone itself. 

Hydrostatics. The theory dealing with the forcea 
exerted by or om fluids at rest. 

Hydrothermal Action (Geol.) The chemical 
action set up in C()niicction with rook mosses below 
the Biirf^e by waters acting at temperatures and 
pressures which may often be sufficiently high to* 
bring about solution of the rocks affected, and thus 
lead to their reconstruction in a crystalline form. In 
the cases in wliich alkaline matters are present in 
the thermal waters, hydrothermal action may give 
rise to the first stages in the formation of eruptive 
rocks. 


Hydroxide ((Jhem.) A compound containing the 
hydroxyl group OH. Hydroxides may be acid or 
alkaline in character. The metallic hydroxides, such 
as tliose of potassium, sodium, calcium, etc., KOH,, 
NaOH, Ca(OH)y are powerful alkalis ; those of iron, 
aluminium, zinc, etc., Fe(OH)„ Al(OH)„ Zu(OH)„, 
are basic in character. The non-metallic hydroxides 
are acids, such as boric acid, B(OH), ; silicic acid, 
Si(Oipj sulphuric acid, SO/OH)^, etc. In organic 
chemistry the basic hydroxides of inorganic 
chemi.stry are represented by the alcohols and quatcr* 
nary ammonium bases, e.g. C-H.OH and N(C,H5XOn, 
tho former acting as weak bases and the fatter as 
powerful alkalis. The acid hydroxides are rcpw‘- 
sented by tho carboxylic acids, e.g. CFl^COOH, which 
is acetic acid. In organic nomenclature the name 
hjdroxyl for the OH group is often shortened to 
“ oxy " ; thus glyoollic acid, 011,011 . COOH, is often 
called oxy ace tic acid. 

Hydroxy (Chem.) A prefix applied to denote the 
presence of the hydn.xyl group (-OH) in a com- 
pound. The word is often shortened to “oxy.” 
Thus tartaric acid is sometimes called dihydroxy- 
succinic acid or dioxysuccinic acid. 

CH,COOH CHOHGOOH 

I I 

CHjCOOH CHOnCOOH 

fiuccinlc Acid. Tartaric Acid. 

Hydroxyl (Chem.) The name given to the group 
—OH. Sea under Hydeoxide. 

Hydroxylamine (Chem.), NH^OH, A white 
crystalline solid; melLs at 33*; boils at 6*8° under a 
pressure of 22 mm. of mercury ; its vapour explodes 
at above 100* ; deliquesces and decomposes on ex- 
posure to air ; soluble in water, less soluble in 
alcohol, still less in ether. It is a powerful base, 
forming crystalline salts with acids. ’ Oxidising 
agents set it on fire. Nitrous acid yields with it 
hyponitrous acid, which decomposes into nitrous 
oxide and water : 


HO.NH5 + ON.OH« HON;NOH+ H,0 » 
N,0 + 211,0. 

It is an extremely important reagent in organio 
chemistry ; for information on this point aae Oxtum. 
It may be prepared from hydzcfylamine hydro* 
chloride by dissolving the latter in methyl al(3ohoI„ 
adding sodium methoxide (0H,0Na), filtering oil the 
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precipitated oommon salt, and fractionally distilling 
the ^rate till a solid distillate is obtained. The 
hydroohloride is prepared best mixing concen- 
trated solutions of sodium nimte (1 mol.) and 
sodium hydrogen sulphite (2 mols.), adding potas- 
sium chloride and allowing to stand, boiling the 
precipitate which forms for several hours with water. 
On cooling, potassium sulphate separates first ; then 
liydxoxylamine sulphate. The latter is purified by 
recrystallisation. From it the hydrochloride is 
obtained by addition of barium chloride, and after 
filtering oS the barium sulphate, crystidlising the 
solution of hydrochloride. 

Hygrometei* (^Phys,) An instrument for measuring 
the amount of aqueous vapour in the air, or more 
frequently what is known as its Hygbometric State 
(^*r.) The direct chemical method of separating 
a known volume of air through a series of drying 
tubes, and thus finding the amount of vapour present 
by the increase in weight, is seldom used on account 
of its slow and laborious nature, although it is very 
accurate. Most hygrometers, such as those of 
Banicll, Regnault, and Dines, are really instruments 
for finding the dewpoint, and depend upon cooling 
some surface in the open air until moisture is de- 
posited upon it. An exception is the Wet and Dby 
Bulb Hygrometeb, which depends upon the cooling 
produced by evaporation. The readings have to be 
retiuced hy tho use of an empirical formula or tables. 

, Daniell’s. One of th^ oldest forms of dew- 
point hygrometers, now little used. It is practically 
a cryophonis, containing ether iu.stead of water ; i.e, 
a bent tube connecting two bull)8 partly filled with 
ether and scaled up during boiling to expel air. 
One bulb is of black ghiss, and (contains a delicate 
thermometer, and the other is covered with a muslin 
rag. In use tho ether is collected in the blackened 
bulb, and the rag on the other bulb moistened with 
ether, tlte evaporation of \\hich condenses the vapour 
within, and thus sets up rapid evaporation of the 
liquid in the blackened bulb, with a consequent fall 
of temperature, I’he temperature at which dew forms 
on the cooled bulb is noted, and also the temperature 
arti which it disappears when evaporation cea8<\s, the 
mean of the two l)eing taken to be the dewpoint. 
This form of instrument is affected by many sources 
of error, and is practically obsolete. 

, Re^nault’s. One of the most accurate forms 

of dewpoint liygroraetcr, essentially consisting of a 
glass tube ending in a thin polished silver thimble, 
fitted with a stopper carrying a thermometer and 
also a small tube open to the air, both dif)ping below 
the surface of ether contained in the silver thimble. 
Air is aspirated through the ether, and thus its 
temperature, and that of the silver thimble, are 
lowered by evaporation, the formation of clew upon 
the outside being watched by means of a telescope at 
a distance An exactly similar empty tube, carrying 
a thermometer giving the temperature of the air at 
the time of the experiment, is mounted upon the 
same stand, a comparison of the two silver tJdmbles 
facilitating the exact determination of the instant at 
which tho deposition of moisture occurs. 

— ) Wet and Dry Bnlli- Consists of two thermo- 
meters mounted side by side, the bulb of one toeing 
kept moist by means of a loose cotton wick tied round 
it, the lower end of which dips into a vessel of water. 
On account oi evaporation from the bulb this instru- 
ment Is cooled, and indicates a lower temperature 
than the other, the difference depending upon the 


rate of evaporation and hence i^xm the amount of 
aqueous vapour present in the air. Them' Ih im- 
simple relation between the readings and the l^gro- 
metric state ; the lattea is deduced therefore by 
reference to ^ tables, although various . empiriou 
formulas have* been proposed. On account of Ita 
simplicity and convenience this form of hygrometer 
is largely used. 

Hygpometric State or Relative Humidity (jPAyt.) 

The ratio of the amount of aqueous vapour actually 
present in air to the amount required for saturation 
at the existing temperature. This is practically the 
same as the ratio of the pressure of the aqueoua 
vapour actually present to the pressure corresponding 
to saturation. It is generally determined by finding 
the “ dewpoint,” then hygrometric state « 

pressure of saturated vapour at dewpoint 

pressure of saturated vapour at temperature of air., 

Hygpometry (MeteoroL) The determination of the 
amount of moisture that exists in the atmosphere as 
invisible vapour and as cloud. 

Hygroscope (,Phyn.) An instrument which indicates 
a change in the amount of moisture present in the 
air. It usually depends for its action upon the 
property ‘of absorbing aqueous vapour (with a con- 
sequent change of volume), possessed by many 
organic substances, such as liair, catgut, etc. Such 
instruments are generally incapable of giving exact 
measurements. 

Hymenma {Botany^, A leguminous genus in the 
West Indies yielding limber and copal resin. • 

HyoacinC) Scopolamine ((74m.), An 

alkaloid. Crystallises in white prisms, miich melt 
at 59^ Soluble in water, alcohol, and ether. Lmvo- 
rotatory. It occurs along with hyoscyamine in 
henbane loaves, and is prepared from these. On 
treatment with baryta water it yields tropic acid 
and a base of unknown constitution. Its hydro- 
bromide is used in medicine. It dilates the pupil of 
the eye. 

Hyoacyamine {Chcm.\ An alkaloid 

isomeric with atropine (^.r.) Forms delicate white 
needles; somewhat soluble in water; it is Isevo- 
rotatory. Baryta water resolves it into tropic 
acid and tro|)inc, exactly the same as atropine is 
resolved into the same two substances ; in fact, 
hyoscyamine is in all probability a compound of the 
Imvorotatory modifications of tropine and tropic 
acid. It readily undergoes intramolecular rearrange- 
ment into atropine — for example, on simple melting. 
Like atropine, its solution dilates the pupil of the 
eye. Its sulphate is used in medicine. 

Hypmthral (^Architect,) A term applied to a 
temple when its cell or part of its cell is not roofed 
in. See Cell. 

Hyperbola. The plane curve produced when a 
cone is cut by a plane which makes an angle with 
the base greater than that made by the slant side of 
the cone ; also defined as the plane curve traced out 
by a point which moves so that its distance frcun a 
fixed point is always greater in a fixed ratio than 
its distance from a given fixed straight line. 

Hyperbolic or Natural Logarithm. LogaritbinB 
calculated with the number 2*71828 ... as a base. 
See Logarithms. The hyperbolic logarithm enters 
into the calculation of the area of a hyperbola 
and many other mathematical computations, It 
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«oan be obtained by multiplying the'common logarithm 
of the same number (given in tables of logaiitbms) 
by 2-3026. 

Hypenthene {Qeoh) 9ne of the species of 
Pyroxene (allied to Augite) which crystallises in the 
•orthorhombic system instead of the (normal) mono- 
symmetric. It forms one of the constituents of the 
variety of Gabbro which is sometimes distinguished 
.as Norite. It is a magnesium iron metasilicate 
(Mg . Fe)0 , SijO, Silica = 64*2, magnesia = 24-1, 
ferrous oxide 21 -7 per cent. In colour it varies 
from green* through black to brown. From Skye, 
Sweden, Saxony, etc. 

Hypnone {Chem.) JSee Acetophenone. 

Hypo (Photo,) The name commonly applied in 
photography to Sodium Thiosulphate, used for 
dissolving out the silver salts in fixing an image. 
See wider Thiosulphates. 

Hypobpomites (Chem.) Salts of h 3 -pobromons 
4mid. The hypobromites resemble in every way the 
hj'pochloritos {g.v.) 

Hypochloritea ( Chern,) Salts of Hypochlobous 
Acid (q,v,) 

Hypochloroufi Acid (Chem.), HOCl. Only known 
in water solution. Strong solutions are orange 
coloured ; dilute solutions are colourless. The acid ! 
smells like bleaching powder solution. It is a very 
weak acid. On heating it easily decomposes into 
hydrochloric and chloric; acids, but dilute solutions 
■can be distilled without decomposition. On account 
of the ease with which it decomposes into oxygen 
and hydrochloric acid, it is a powerful bleaching 
agent and antiseptic. The acid is prej>ared by 
passing chlorine into water containing yellow mer- 
curic oxide in suspension, then distilling the clear 
liquid ; or dilute nitric acid is added to a solution of 
bleaching powder and the liquid di.stilled. It is 
present in chlorine water. Its salts, the hypochlorites, 
are obtained by acting upon metallic hydroxides 
with chlorine. They are oxidising agents, and on 
heating decompose into a chloride and a chlorate, 
3KOC1 = 2KC1 -h KCK * Sodium hypochlorite is 
made by passing chlorine into cold and somewhat 
dilute caustic soda, and allowing the solution to 
crystallise. It alw'avs contains sodium chloride. 
Olj + 2NaOH * NaOCl + NaCl + H,0. It oxidise.^ 
arsenic to arsenic acid ; hence its use in Marsh’s 
Test (q,v,) It oxidises urea (g.r.) and salts of 
chromium to chromates, Cr.XS(I ^)3 + 3NaOCl + 
lONaOH « 2Na,CrO, -f 3NaCl -h 3Na^SO, + 5H,0. 
Bleaching powder (q.v.) yields calcium hypochlorite 
when it is dissolved in water. 

HypooiystalUne Structure (Geol.) Occurs in 
roolm which consisted essentially of undifferentiated 
(fluid material when they began to consolidate, but 
in which incipient crystallisation has commenced 
without being carried on to completion. Many 
jpitchstones are of this nature. 

Hypocyoloid. The plane curve generated by a 
point in a circle which rolls round inside a larger 
•circle. This curve is used for the lower part or 
flanks pf the teeth of wheels. 

Hypofyny (Botany), The condition in a flower 
when the calyx, coroll^ and stamens arise upon the 
thalamus beneath the carpels. 

HyponitrouB Acid, HO . K : N . OH. Has not been 
obtained pure ; a solution is obtained by acting upon 
its silver salt with dilate hydrochloiic acid. It easily 
•decomposes nto nitrous oxide and water. The silver 


salt is formed as a yellow precipitate, when soluluons 
of sodium nitrite and hydroxylamine sulphate are 
rapidly heated together to 60^ and silver nitrate 
added. See Hydroxylamine. 

Hypophoephites ( Chem,) See Hypophobphobous 
Acid. 

HypophosphoFOUB Acid ( Chem.), H^I^O,. A syrupy 
liquid which crystallises with difficulty. It is a power- 
ful reducing agent, e.g, it reduces solutions of gold, 
silver, and mercury salts to the metals, and forms phos- 
phoric acid. When heated, it yields phosphoretted 
hydrogen and phosphoric acid : 

2H3r02=rH, + H,P0,. 

It is a monobasic acid ; its salts are called HypophoS- 
PHITES. The acid is obtained from barium hypo- 
phosphite by addition of dilute aulphhric acid, 
filtering off the barium sulphate, and carefully 
evaporating the solution. The hypophosphites are 
obtained by boiling phosphorus with a solution of the 
corresponding hydroxide, e.g, 

1\ + 3NaOIT + 3H.,0 .SXaH^PO, + PH, 

2P, + 30a(0H)jj + 6IU) = 3CJa(HjPO,)2 + 2PH, 
They are crystalline solids ; most of them are soluble 
in water. They are strong reducing agents. They 
are used in medicine. 

Hypostyle (Arehitert.) A temple in which the roof 
is supported by internal columns. 

HypoBulphitcB (Chem.) Salts of hyposulphurous 
atnd. Zinc hyposulphite, ZnS^O^, is oblaiiiedwhon zinc 
dis.solves in sulphuron.s acid, out of contact with 
air. hSotlium hyposulphite, is obtained by 

electrolysis of sodium hydrogen sulphite ; it is used to 
reduce indigo in dyeing. Neithei of these salts has 
been obtained pure. Sodium thiosulphate was 
formerly called sodium hypo.sulphite, and in trade 
it is still known under this name. 

HypoBulphupous Acid (Chem.), TTjS./\. A very 
unstable yellow liquid, formed when a solution of 
oxalic acid is added to a solution of a hyposulphite. 

Hypotrachelium (Arrhitect.) I'hat part of a 
column immediately below the capital. The term is 
I also used to denote the g’-oove.s worked below tlie 
i nock of the Greek Doric column. See Column. 

HN - 00 

Hypoxanthiiie(^V/£m.) | | /(Sarciiie)\ 

nC O.NII I ur6-oxy- ) 

11 11 ' Cn ' purine / 

n_c.n/ " 

A white crystalline solid sparingly soluble in water. 
It occurs along with xanthine (q.v.) in the animal 
bod.v, e.g. in the sjdeen, thymus, etc. It is. a purine 
derivative (nee PuRiNE), and can be prepared artifi- 
cially from trichlorpurine. 

HypBometep (Phys.) A simple aiTangemeot for 
conveniently observing the temperature indicated by 
a thermometer immersed in the steam from water 
boiling under atmospheric pre.ssure, and used in- 
stead of a barometer for determining altitudes. It 
practically consists of a metal vessel for boiling the 
water, provided with concentric vertical tubes 
through which the steam passes, and long enough to 
ensure the complete immersion of the thermometer 
in the steam. From the boiling point thus obtained 
the atmospheric pressure may be found by reference 
to tables, and, given the atmospheric pressure, the 
height above sea level may be calculated.^ The altera- 
tion in boiling point is roughly 1®C. for every 
300 yards of vertical height. 
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HyVBop (Batanyy An aromatic shrabby plant, 
Hytutopuft ofurmalia (order, Lahiataf)^ bearing blue 
flowers. The leaves and young plants are sometimes 
used in cookery and also in medicine. 

Hystomia (JEleot.) The intensity of magnetisation 
produced in iron by a given magnetising force depends 
not only upon 'its state at the time, but on its previous 
magnetic treatment, for if iron be magnetised up to 
any point, and the magnetising force then removed, 
it still retains a certain amount of ** residual 
magnetism,” and it will require a certain reverse 
magnetising force to bring this to zero before it 
begins to become magnetised in the opposite direc- 
tion. Professor Ewing has applied the terra hyste- 
resis to denote the general phenomena which arise 
from thia tendency of iron to persist in its magnetic 
state. The practical result is that iron cannot be 
carried tlirough “ cycles ” of magnetisation — as, for 
instance, by an alternating magnetic force — without 
loss of energy, which appears as heat in the iron. 
This loss is proportional to the frequency, but increases 
faster than the magnetic induction “ I*,’’ being, accord- 
ing to Steinmetz, proportional to its l‘Cth power. 
See aho Ieon Losses. To give some idea of its mag- 
nitude it may be stated that in good modern charcoal 
iron used for armature stampings, etc., it is roughly 
about 4,000 ergs per cubic centimetre j^er cycle, when 
maximum induction is B — 10,(X)0. Another iweful i 
way of expressing the same loss is to say that it is j 
from 2 to 3 watts ]^er lb. at 100 cycles per 
second at the above induction. Although in many 
ways hysteresis suggests the idea ol molecular 
frb'tion, Professor Ewing has shown that- such an 
nasumption is unnecessary, and ho considers the loss 
to Ikj due to the oscillations of the iron particles as 
they settle down into new y>ositions of equilibrium 
under the influence of the magnetising force. 


I {Chem'.') The symbol for Iodine 

(A'A'cZ.) Used to denote the INTENSITY OP 

Magnetisation (//.r.) 

— {JViyK., cZr.) U.^ed to denote the 

Moment ov Inertia {q.v.); the letter K is also 
used for the ssnae quantity. 

loOf Action of (Z'rVv/.) Considerable quantitie.s of 
stony debris find their waj' on to the surface of a 
glacier, as well as into its lower parts. These are 
transported seawartl from the mountain centres, and 
are left at the parts whcr<i the rate of onward flow 
of the ice is balanced by that of melting. Some 
erosion of Ihcj surface in contact with the moving 
ice is effected where suitable conditions obtain. 
Icebergs and floating ice in general also act as 
voliioles of transport for rocky debris. 

loebop^. A large mass of ice which has been 
broken from the end of a gl.acier where this has 
flowed out to the deeper part of t he .sea. Ice fractures 
readily when subjected to strain, and thus tidal 
movements suffice to break off bergs, which may 
float to great distances before being completely 
melted. It is generally considered that the mass of 
the submerged portion of a berg is about nine times 
that of the part above water. 

let Calorimeter (^Phys.) An arrangement in 
which the heat given out by a substance in cooling 
from some known temperature to 0° C\ is measured in 
terms of the mass of ice melted by it. The original 


form was devised by Laplace and Lavpisier, although 
Black had previously employed the principle. 
Bunsen introduced a method of determiniiig tho 
amount of ice melted ^y means of its change of 
volume, and his instrument is especially useful when 
only small quantities of a substance are available. 

Iceland Mosb (Botany), Cetr curia islandica (classi- 
Lichenes), This lichen, a native of North Europe, is 
used for its nutritive and medicinal properties. 

Iceland Spar (Min.) A transparent variety of 
Calcite, easily cleavable ; it is the variety used in the 
making of polariscopes (q.v.), and is in great demand. 
There werti at one time large deposits of it in 
Iceland. See also Calcite. 

Ichnography. (1) A ground plan, e.g. the ground 
plan or h<»rizontal section of a building or part of a 
building. (2) A plan or map. 

loonodPaphy, The science or art that treats of 
ancient paintings, sculpture.s, mosaic work, engrav- 
ings on gems or metals, and especially statues and 
busts. The iooiwgraphy of an individual is a de- 
scription of all known portraits of such individual. 

IcoBahedron. A solid having twenty equal plane 
faces ; a» regular icosahedron is contained by twenty 
equal equilateral triangles. 

Ideal Gas (Phys.) A gas for which the law 

Pressure x Volume ^ i. 

: Constant 

Absolute Temperature 

is exactly true. 

Ideograph^ Ideogram. A symbol or figure em- 
ployed in some systems of writing to suggest or 
exi^ress an object: a hieroglyphic. 

Idiograph. A private mark or signature: a trade- 
mark. 

Idiomorphic Crystals ( Geol.) It is necessary in 

many cases to mark the di.stiuction between crystals 
which, on the one hand, have grown up and con- 
solidated from a fluid magma ^ such a manner as to 
press upon the growing crystals next them and thus 
mutually prevent each other from assuming the 
bounding surface proper to each of them; and, on 
the other hand, tljose which have grown and con- 
solidated in such a manner that they have been free to 
take tbeir own proper shape. For the former case the 
term Allotriomorphic is used, while for the latter, 
m vrhich the crystals have assumed their own normal 
shape, the term used is Idiomorphic. The difference 
of comportment is connected with the conditions of 
pressure under which consolidation took place. 

Idle or Wattless Cuirent (MecU Eng.) Whem 
the current and the electromotive foAje in a circuit 
differ in phase (ji'.p.), the product of the two is not 
equal to the power. See Electrical Power. If 
the angle of lag be Cos 0, then the power in watts 
is EC Cos 0. The product C Cos 0 may be regarded 
as the resolved part of the current, which is in the 
same phase as the electromotive force E, while the 
remaining component of the current G Sin diners 
ill phase from the E.M.F. by 90° The product 
EC Sin 0 O, and C Sin 0 may be called the 
Idle Current. 

Idle Coil (Elect. Eng,) In certain forms of 
armature a coil may at a given instant have no^ 
induced electromotive force acting in it ; it is then, 
termed an Idle Coil. 
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Vlieel or Idler A wheel in m trein of 

gearing which rides Ioom on its shaft and does not 
^ect the ratio of the velocities of the other wheels 
in the train. 

Idocrase (Jfla.) A basic calcihm alnminium 
mLicateformula^possibly H(OH^Ca|2. C-^^* ^0)2(810^)10. 
. Usually, if not always, it occurs as a mineral product 
arising from the thermo-metamorphism of calcareous 
rocks. Tetragonal, occurring in prisms, yellow to 
brown or black. Also called Vesuvianite. From 
Vesuvius, Norway, Siberia, the United States, etc. 

Igniter* (l) A fuse or other appliance for firing a 
cLiarge.in blasting. (2) The ignition device in gas 
engines. See Ignition. 

Ignition {JSng,) In gas, petrol, and oil engines 
the charge is ignited or fired in various ways. (1) 
Flame Ignition is the oldest method. A small flame 
was allowed to come into contact with the compressed 

S ases through a port; the chamber containing the 
ame was cut off from counection with the open air 
at the instant before the port leading into the cylinder 
was opened, thus preventing the charge from explod- 
ing directly into the atmosphere. Flame ignition is 
now obsolete. ( 2 ) In Tube Ignition the charge is 
put into direct communication with the inside of a 
short ignition tube of metal or porcelain ; the tube 
is kept at a high temperature by a burner outsule. 
After the explosion of the charge, communication 
between the cylinder and the ignition tube is cut off 
until ignition is again required. Tube ignition is now 
used in the majority of stationary gas and oil engines. 
( 3 ) Elbctbic Ignition consists in the production of 
an electric spark inside the cylinder at the proper 
instant. The current is led in by a wire passing 
through an insulated porcelain plug, the SpjvbkjNO 
Plug ; the end of this wire terminates in a platinum 
point, which is placed very close to another similar 
point which is in electrical communication with the 
metad work of the engine, and therefore is electrically 
connected to earth.’* The spark thus occurs between 
the end of the conducting wire, which is charged up 
to a high potential, and a point which is at zero 
potential. In order tm provide the current, the wire 
is either ccniiected to one terminal of a small 
Induction CJoil (y.r.) or else to a small magneto 
machine (i.e. a dynamo with permanent field 
magnets). If a coil is used, it is driven by a storage 
battery, usually of two cells, giving an E.M.F. of 
.about four volts. The. contact breaker of the coil is 
worked by the Half Speed Shaft. See 1 ’bteol 
Engine. Electric ignition is universally used on 
motor cars, cycles, launches, etc., driven by petrol 
engines, and its use • is becoming increasingly 
common in large gas engines, especially on the 
Continent. ( 4 ) In a few cases Automatic Ignition 
is employed ; gas becomes sufficiently hot at the 
instant of greatest compression to ignite spon- 
taneously. 

Igntttow Plug {Motor Cars^ eto,^ See Spabking 
Plug. 

Ignitinn Yalve etc.) A small valve which is 

openeerjust before the explosion of the charge in a 
gas engine, in order to effect communication l^tween 
charge in cylinder and the heated ignition 
chamber. 

U 9 LP. (^S^.) See Indicated Hobse Powbb. 

lieUBi {Zoology), The portion of the small intes- 
tine foUowing the duodenum. It is the seat of 
absorption of the chyme by the agency of the Villi 
<?«•) 



Itoz (Botany). A genus of the order 
.occurring in many pa^ of the world. The liolly ia 
a well known plant of the genus, and Jleas para* 
guemie is the HatA or Pabaguay Tea 

Ilimn (Zoolom), The bone of the hip girdle which 
articulates with the sacral vertebrn of the baekbone. 

It forms the outer portion of the pelvis, on either 
side. 

Hluminated Manuscripts. The art of illuminating 
manuscripts originated in the third century, and ocm» 
tinned until the seventeenth, the monks being the 
most skilful exponents. Tbe embellishments gene- 
rally took the form of drawings, more partioularly 
ornate initial letters, executed in body colours ana 
gold. The earliest illuminations were done with red 
lead, later with cinnabar. Specimens of f 6 uTth and 
eighth century work are to be seen at the Vatican 
and the Louvre. Some of the finest examples were 
executed between tlje fifteenth and seventeenth 
centuries. 

Illuminating Power (Light). The illuminating 
power or Intensity of a source of light is the ratio 
of the illumination thrown (normally) l»y it on any 
surface to the illumination thrown (normally) by a 
standard source, e.g. a Standabd Candle (g^.v.), on 
the same screen, both sources being equidistant from 
the screen. More briefly it is the ratio of the light 
emittcfl by the given source to the light emitted by 
a standard source. 

Illumination, Artificial. See Abtificial Illu- 
mination. 

llmcnite (Min.) An iron and titanium oxide, 
Fel’iO,,; the proportions of titaniuiri and iron vary 
gi’eatly, the one rci>lacing the other. It is one of the 
ores of iron, and is a common original constituent of 
the basic eruptive rocks, in which it is one of the first 
minerals to consolidate. In composition it may be 
regarded as a ferrous titanate ; but it has a wide range 
in composition, and it passes in one direction into 
Mjigiietite and in auotlier into IlaBinatite. It usually 
occurs in the form of thin crystalline plates in which 
the forms proper to the mineral arc but rarely de- 
veloi»ed. It belongs to the ilhombohcdral System of 
cry.stallisation. A second mode of occurrence is in 
coiinoctiou with Quartz in the crystalline schists ; 
while yet another is that sometimes known aslSEBlNE, 
which is slightly magnetic, and is the chief con- 
stituent of Magnetic Sand. 

Image (i^hye.) If light diverging from a point 
a is made by any means to converge to a se.cond 
point B, then B is termed a liEAL Image of A ; if 
the light diverging from A be caused to appear to 
diverge from another point o, then c is termed a 
Vibtual Image of a. A real image may be received 
on a screen ; a virtual image cannot. 

Imbricated (Architect.) Formed with one part 
lapping over another, so as to resemble a tiled roof. 

Imide (Chem.) A compound containing the 
group > NIT, attached to an acid residue. Examples t 
are Succinimide, Phthalimide (q*v.) 

CH-COOH CH^CO. 

I i 

CH,COOH CHjCO' 

Succinic Acid. Succinimide. 

cA<cooh 

Fhthalic Acid. Ththalimide. 
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bnitatiim (Mfurio). The xepetitioii of a mosioftl^l 
:figiire by anower pa^ of the harmony either at the 
eajzie or at a difFerent pitch. 

lmltattoii«lTory* iShe Celluloid aadVEGEX^BLB 

iTOBT. 

Imltatkm Parohment. Ordinary paper passed 
through a bath of sulphuric acid, which has the 
peculiar effect of " toughening " the fibres. The acid 
is ftunediately washed out and the paper dried. 

Immenton (^A^ron.") The disappearance of one 
heavenly body behind another or in the shadow of 
another. 

Impaot* * A sudden blow : a collision between two 
bodies : Ibe force or forces exerted by one body, on 
another as thp result of a collision. 

Impale (JBTer.) Two coats of arms may be placed 
upon one shield side by side, separated palowiso. 

A husband and wife may thus blazon their 
•escutcheon, the arms of the husband always 
occupying the dexter half, those of the wife the 
sinister half of the shield. A bishop also impales 
the arms of his official see with his own arms. 

Impaste^ ImpiiBto etc.) To lay on colours 

thickly ill order to create a bold effect. To mix 
lines and points on a plate in engraving in order to 
represent depth of colouring. 

Impedance {Mect^ The apparent resistance of a 
circuit or part of circuit when traversed by an alter- 
nating or variable current ; that is, the ratio of the 
impressed E.M.F. to current. For steady currents 
this ratio is merely the ohmic resistance, but for 
variable currents it depends also upon the rate of 
variation, the self induction, and the capacity of the 
circuit. In dealing with alternate currents it is 
often necessary to consider the impedance, which 
may differ considerably from the resistance. Let n 
be the frequency of the current, L the self induction 
(j'**^*) of the circuit, and K its resistance. Then, if 
the capacity of the circuit be neligible, the impedance 
is equal to . 

= -v/lt- + yL* 

where jt? = 2ir». If »L be large compared with K, the 
impedance reduces to jwL ; while if R be large com- 
pared with nh the impedance is practically equal to 
the resistance R. 

Impedanoa Coil (Elect. Eng.) A Chokinq Coil 

Imperfect {Mmic). Used in connection with (1) 
Uadenoe, (2) Interval, both of which see. 

Imperfect Cadence (Mwde). See Cadence. 

Imperial (Paper Mamfar.) (1) Writing paper of 
a size 34 by 22 in. (2) Trinting paper, size 30 by 
22 in. 

Imperial Red (Deo.) A bright red similar in 
composition to Royal Red {q.v.) 

Imperlali (Build.) Slates measuring 30 by 24 in. 

Impetnoeo (Munc). Impetuously. 

Impoelng Stone (Typog.) A smooth stone or 
metal surface on which pages or columns of type 
axe imposed or made into formes, and on which 
formes axe laid for correction. 

Impoaltton (Typog.) The arrangement of pages 
for printing, so uiat when the sheet is folded they 
may fkll into proper numerical order. 


Imnoit (AreUteat.) 

The hoiiaontal mould* 
ii^B crowning a pier, 
pilaster, or corbel, and 
from which an arch 
springs. Each order 
has its distinctive im- 
post ; occasionally the 
impost is formed of 
the entablature of the 
order. 

Impregnation ( Tim- 
ber). Soaking timber 
with a fiuid in order 
to prevent rot; Bur- 
nett's fiuid, creosote, 
etc., are employed. 

ImpresBion. (l)The 

act of impressing. (2) 

A copy taken by pres- 
sure from an engraved 
plate, tyf)e, etc. (3) 

The total number of 
copies printed at one 
time : an edition. 

ImproBHiioniBm 

(Paint.) A method of 
painting which aims at 
giving the general tone 
and salient features of 
a subject, e.g. the broad 
impression produced Impost. 

by some aspect of 

nature at first sight, excluding minute details and 
elaborate firish. 



Imprint (Print.) The name of the printer or 
publisher (with date and place of publication) affixed 
to a book, magazine, newspaper, eta 

Impromptu (Music). A composition of an extem- 
pore «*haracter. * 

Impulse. A suddenly applied . force ; in engineer- 
ing the term is applied especially fo the force of the 
explosion in a gas or oil engine. 

Impurities of Air. See Atmosphebe. 

In (Cheni.) The symbol for Indium 

In Antis (Architect.) See Antis. 

Incandescence. Glowing ; self-luminous (emitting 
light), owing to high temperature. 

Incandescent Electric Lamp. Consists essentially 
of a carbon filament of high resistance enclosed in 
a vacuum, and heated to whiteness by an electric 
current. See also Elbctbic Lighting. 


Incandescent Gaslight. The productiSn of light 
by means of a hot, non-luminous gas flame, which 
impinges on a Mantle (q.v.) and raises it to a high 
temperature, so that it becomes incandescent. 


Inoandescent Mantle. 

CENT. 


See Mantle, Incandei^-^^ 


Incandescent Tube Ignition (Eng., etc.) The 
ignition of the charge in the cylinder of a gas or 
petrol engine by means of a hot tube. See Ignition. 

Inch. See Weights and Measures. 

Inches of Rain (Meteorol.) Sfe Rainfall. 

Inch Pound, Inch Ton (Eng., etc.) Units of work 
oocasionally used ; the work done when 1 lb. and 
I ton respectively are raised 1 in. 
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Incident Ray {lAght). A my wfiich falls on the 
surface of a reflecting or refracting mediamf but is 
itself wholly outside that medium. 

IncisoFB {Zoology). The sharp cutting teeth in the 
front of the upi)er and lower jaws. 

Inclination, An^e of {Elect,) The angle between 
the actual direction of the Earth’s magnetic field at 
a given place and its projection on a horizontal 
plane. In London its value is at present about 67^ 

Incline {MiniTig), A sloping shaft. 

Inclined Plane* In mechanics one of the elemen- 
tary tyjies of machine, often called the mechauical 
powers. A gradient {q.v.) on a railway, or a wedge 
may be taken as an example. 

InoUnes on RailwayB* See Gbadibnts. 

Incrustation {Eng.) The solid coating of salts 
from hard water, which forms on the inside of the 
plates of a boiler. 

Incubation {Hygiene). The incubation period or 
time; of development of a disease is that which 
elapses between actual infection and the appc'arance 
of the first signs or symptom.s. Little is known of 
the changes which take place during this period, 
beyond the fact that the poison is multiplying in 
some pari of the system. 

Incunabnlum, pi. Incunabula {Print.) A term 
applied to a book or books produced during ll»c 
earliest {Kjriod of the art of printing, more especially 
those piinted before the beginning of the sixteenth 
century (loCK)), 

Incuse (^Coins) An impression hammered or 
impressed in intaglio on a coin, 

Indamines {Chem.) Derivatives of Quinone 
di-iinide. They are weak bases which form green 
or blue salts with acids. They are unstable; an 
excess of acid decomposes them into quinone and 
the base from which they were formed. They are 
important as being intermediate products in the 
formation of some important classes of dyes. Cf. 
MBTHyLKJfE Blub and Baffbakine. I^*DAMI^'E 
OT Pef^nyleneS* Blue, TIN : Cgll^rNOgH^NIIg, is 
formed by oxidation of a mixture of paraph enylene 
diamine and aniline. On reduction it yields para- 
diamide odiplienylamine, which is tliercfore the 
leuco-compound. See Lb ltco-Com pounds. 

aps’.aiT 

+ 2H = 

Bindschcdler’s green and toluylene blue 
indamines of the formulie 
(CH^XN 

N and 

(CH3)^C1 - (CH,)^X1 - 

respectively. 

Indanthrene. See Dyes and Dyeing. 

IndehiBoent {Botany). A term applied to a fruit 
which does not open to set free the seeds {e.g. hazel 
nut, plum, etc.) 

Indent (J'ypoq-) A line commenced a little farther 
in from the' margin, e.g. the commencement of a 
paragraph. 

Indented {Her.) One of the forms given to par- 
tition lines. See under Hbbaldby. 

Indcitpuctlbility of Hatter {(Jkem.) Matter can 
neither be created nor destroyed.. Whatever changes 
it may undergo, whether physical or chemical, its 


actual mate remains unaltered, and can in general 
be mmured by suitable experiments, and show'n 
(within the necessary limits of experimental error) 
to be equal to its original mass. 

Index. That which points out something. In 
nuitheraatics the quantity denoting the power to 
Avhich another quantity is to be raised. 

{Eng.) A pointer or indicator on a gauge of 

any kind. 

(3/m.) The index of a crystal face is the 

reciprocal of the Intekcepts (?.e.) of that face. The 
index is always expressed as a whole number. 
Hence if the intcrccj)ts are 2:4:1, the index is 
written 21*1, instead of -J J or J When the 

different faces of one form are to bo designated^ 
trigonometrical sign is taken into account. 

{Typog.) (1) The sign of a hand with the 

forefinger pointing. (2) The references, or alpha- 
betical table of contents, generally placed at the 
end of a book. 

( The regulator of a watch. 

Tt has two pins embracing the outer coil of the 
balance si)ring, enabling the wearer to alter the actlne 
length of the spring, ti'c Balance Bpeing, Fum 
Spuing. 

Index of Refraction {Phys.) When light passes 
from one tmnsj)arent body to another, tlie ratio of 
the sines of the angles of incidence and refraction 
is a constant for the two given substances for the 
same w’ave length, and is known as the BELATiviii 
Index of Kepbaction between the two substances, 
the Absolute Index for either of them being the 
value of the same ratio when light piissos from a 
vacuum into the substance. According to the wave 
theory, the relative index is really the ratio of the 
light velocities in the two substances, and conse- 
quently it has a different value for each wave length. 

Indian Hemp. Cannahis sativa (order, Moracea*), 
The “ Cannabis Indica” of commerce consists of the 
dried tops of the hemp plant, including flowers, fruit, 
anti the exuded n*sin. A mixture of leaves and 
fruit is known as Bluing or Hasliisl). The resin is 
valued for its narcotic pro])crt5\ 

Indian Ink. A black ink sold in slicks, and made 
fn)m line lampblack mixetl with a binding material, 
such as parcliment size or fish glue, and a little musk, 
camphor, and other j^erfume. The lampblack is 
exceedingly fine, and is derived from the burning of 
certain oils, (‘amphor, and camphor wood. The ink 
is carefully dried and made into sticks, which are- 
polished and gilded i>artially or wholly. Genuine 
Indian ink comes from China. Various attempts 
have been made to manufacture it in France and 
elsewhere, but without much success. The best 
varieties, when broken, show a bright jet black 
fracture, not unlike the fracture of genuiru! liquorice 
The perfume is to some extent an indication of the 
quality. 

Indian Lake {Dec.) A lake obtained from the 
secretions of Coccus Laroa. It is now used to only a 
small extent, being superseded by madder. It is- 
somewhat fugitive, but not to the extent of crimson 
and other lakes made from cochineal. 

Indian Red {Bee.) A useful pigment of a dark 
red colour, having a slightly purplish hue, and used 
by the painter principally for staining or colouring. 
Genuine Indian red is a natural product found in 
India, but most of the pigment sold is artificially 
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prepared hy the calcination of ochqp and ferrous 
sulphate. It has no definite (^emicarcomposition. 
Genuine India red oontms about 76 tier cent, of 
ferric oxide. The pigment is one of the most 
permanent known, and it may he mixed with any 
other pigments without risk of producing a chemical 
change in them. 

Indian TelloV {Dec,) A pigment obtained from 
the urine of Indian cows which have been fed on 
mango leaves. It is fairly permanent as a water 
colour, and may be used ground in oil, poppy oil 
being best for the purpose. It is gradually going 
out of use. 

IttdlarlibbeF. Kubbbb. 

Indican ( ) See Indigo. This name is also 

applied by physiologists to potassium indoxyl 
sulphate. See Indoxyl, 

Indicated Horse Power or 1.H.P, {Eng.) In- 
dicated hor.se power, i.e. tlic actual work performed 
by the steam (or gas) in the cylinder, as calculated 
from the Indicatob Diagbam {q.v.) 

IndioatindC^^^O Taking an Indicatob Biagbam 
of an engine. See Indicatoks and Indicatob 
Diagbams. 

Indicator (^Cotton sphmlng). An instrument 
fixed on spinning machinery for registering the 
quantity of work produced. 

Indicator Card {Eng.) The «card on which an 
Indicatob Biaoram is <lrawn, or the diagram 
itself. See Indicators {Eng.) 

Indicator Dial {Cloelm). The “journeyman^ 
clock, consi^tillg only of a dial and handwork, with 
electrical fittings, it is iindcT the control of, and 
actuated by, the “ master ’* clock of an electric time 
circuit. See Master Block. 

Indicators Substance.s used in volumetric 

analysis to indicate the cumpletion of a reaction. 
Suppose hydrochloric acid of known strength is being 
added from a burette to a solution of <;au.stic soda 
ii> order to exactly neutralise the latter and then to 
calculate i1* strength, it cannot be told by inspection 
when the change is completed, I’o enable one to judge 
when the reaction is completed, a substance is added 
which gives one colour with an alkali aud another 
colour with an acid ; the substance added is called 
an indicator. A good indicator must give a distinct 
colour change, and it must be sensitive ; that is, a 
minute quantity of it must be sufficient for the 
purpose, for the change in the indicator is brought 
about by a reaction between it and one or other of 
the solutions under examination, so that the amount 
of the latter required to produ(’u the change in the 
'indicator must be negligible. In volumetric analysis 
indimtors are used in the form of solutions of such 
strength that only a few drojis of the indicator 
solution are required. 1ndicatob.s Used FOB ACIDS 
AND Alkalis -.“-(I) lodoBosin {Ergthro.siti) : With 
acids orange, with alkalis cherry red ; used in pre- 
sence of ether in titrating dilute solution of acids 
and alkalis ; can be used for ^ or oven normal 
solutions. (2) Methyl Orange,\WiiYi acids pink, 
with alkalis yellow; unaffected by carbon dioxide. 
(8) Ootigo Bed : With acids blue, with alkalis red. 
(4) Laemdd: Bed with acids, blue with alkalis. 
(6) iMnme : Bed with acids, blue with alkalis, 
violet when neutral ; it is affected by carbon dioxide. 


80 that whmi fised te titrating a carbonate the liquid 
must be boiled to expel ^jaroon dioxide. (^) Twr-> 
merie : Tellow with acids, brown with alkalia. Its 
behavionr with hoxio add is ebaraotezistio,* whon 
turmeric paper is dipped in boiio acid sohition and 
then drie^ it is coloured reddish brown, and this 
colour is not changed to yellow again by hydrochloric 
acid. (7) Phenolphthalein : Colourless with acids, 
purple with alkalis ; cannot be used for ammonia. 
The first four are more sensitive towards alkalis than 
towards acids ; the others are more sensitive towards 
acids than towards alkalis. We will illustrate the 
theory of the action of indicators by an example 
from each class. Methyl orange has the formula 


(CH,)^ . C.H. . N : N . CJifiOfiSa. Its action as an 
indicator depends on the basic properties of the 
nitrogen atom marked with an asterisk; for short- 
ness we will write the formula BN. With an acid 
(say HCi) a salt, BN . HCl, is formed, and this in an 

+ 

aqueous solution is ionised thus, BNHC1»BKH + C1. 

The positive ion BNH is pink in dilute solution. Cn 
addition of an alkali (say NaOH) we have the 
-I- - -f - + - 

reaction BNH + Cl + Na + OH » BN + H,0 + Na + Cl ; 
that is, the methyl orange is reproduced and the 
pink colour^ changes to yellow, the colour of methyl 
orange in dilute aqueous solution. Phenolphtbalein 
has the formula * 


yCJl.On 

yC 


Its action as an indicator depends on the fact that 
the substance itself is colourless in aqueous or acid 
solutions, while its salts have the quinoxoid structure 


O 


\cOONa 


and are strongly coloured. The shange from purple 
to colourless may be expressed by an equation thus : 


Kcoo 

Purple Coloured Ion. 


+ C] = 




C^CeH,OH 


COOH 


/C - CgH.OII + - 

( .0 + Na + 01 


INDICATOBS USED IN OTHEB VOLVMSTBIC PRO- 
CESSES: Weak starch paste is used to indicate the 
presence of iodine, with which it forms a deep blue 
oolouT. Potassium chromate is used in the titration 
of neutral solutions of chlorides, bromides, and 
iodides by silver nitrate solution. To thfe chloride 
solution a little of the chromate is added, then the 
silver nitrate is run in. So long as a trace of 
chloride, etc., remains in solution no silver chromate 
can be formed and remain in the liquid. As soon as 
the chloride, etc., is all decomposed, silver chromate 
is formed and easily recognised by its dark red brown 
colcmr. Potassium fcrricyanide is used in titrating' 
a ferrous salt by potassium dichromate; this is an 
example of an eatternal indicator* In this case the 
indicator is placed in drops on a white tile, and a 

80 
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drop of the liquid being titmted is added to the 
indicator. So long as ferrous salt remains, a deep 
bhie colour is produced. Many other indicators 
are used, but less commonly than the above. Many 
of the above indicators are used in special cases in 
the form of pa.pers ; unsized paper is dipped in a 
solution of the indicator and then dried. The 
ordinary litmus and turmeric papers are familiar 
instances. Some of these papers are wonderfully 
delicate tests for acid or alkaline reaction; e.g. 
azolithmin paper Litmus) will show an alkaline 
reaction with solutions of <^iistic soda or ammonia 
of strengths little over normal and normal 
respectively. — W. II. H. 

IndioatoPB and Indicator Diagrams {JJng,) An 
Indicator Diagram is a figure showing the 
relations between the pressure and volume of the 
Working Substance (gas or steam, etc.) in 
the cylinder of an engine. It may be drawn from 
purely theoretical assumptions, as in the case of the 
diagram representing Carnot’s Cycle (lig. 1). 
In this case the working sub- 
stance is originally at a pres- 
sure Pi and a volume Vi- In 
the first operation it is com- 
pressed adiabatically to a 
volume Vj, 11 le pressure mean- 
while rising to P*. The work 
done m tlie substance in this 
operation is represented by the 
area of the figure P,P.,V 2 V,. It 
is then allowed to expand iso- \t \i \t 

thermally to a volume Vj, the 
pressure falling to Pj,, and the Fio. i. 

work done hy the substance is 
represented by In the third operation it 

exj^ands adiabatically to a volume and pres.sure p^, 
the work done by it being represented >)y the area 
PjP^V^Vj. It is finally compressed to its original 
pressure and volume, tlie work done on the substance 
being given by the area P 4 P 1 V 1 V,. The net w'ork 
done by the substance during these four operations 
is given by the difference of the areas PaPsP^v^v.. 
and ; that is, the area of the curved part 

the figure, PiP^PjP,. This cycle of operations is 
purely theoretical, and has never been realised in 
practice. A theoretical representation of the changes 
in pressure of the steam in the cylinder of a steam 
engine may be arrived at as follows ; Let A (fig, 2) be 
a cylinder with a 
piston B, and two ^ 

pipes or ports c and 
D, each fitted with a D=^ 
tap or valve which 
can be opened or 
closed as required, 

<j being the Inlet 
or Steam Port, by 
which steam can be 
admitted, and D the 
Outlet or Ex- fu .. 2. 

haust Port, by 

which the steam can escape. Let b be at the 
beginning of its stroke, so that the volume of the 
space between the piston and the end of the 
cylinder is very small, and let the pressure of any 
steam or other gases in the space be Pg. ^ If at this 
instant D bo open to the air, then Pq will equal the 
pressure of the atmosphere. Close D and open c. 
The pressure inshle will instantly rise to that of the 
steam ; let this be P], represented by the point on 




the diagram. The piston will now begin to move, 
and if steam continue to enter the cylinder the 
pressure will remain at4,. When the piston has 
advanced to E, let o be closed and the supply of 
steam be consequently cut off. *The piston will still 
continue to move, being driven by the pressure of 
steam behind it ; but this will no longer be Pj, but 
will gradually fall as its volume increases, in a 
manner indicated by the line PjP, on the diagram, 
which is a}>proximately a hyi^erbola. When the 
piston reaches F, let D be again opened ; the 
pre.ssure will drop to and if the return stroke 
now commences, steam will escape from D at this 
pressure, or very nearly so. The Indit ator Diagram 
will have the fonn shown by the lower part of 
the figure, and if we calculate the avenige height 
of this figure PpP,p,P 4 % we cjin find the averse 
pressure of the steam during the stroke. To find 
the average height, we measure the total area of 
the diagram either by dividing it up into strips 
and applying Simpson’s IUtle (g.v.) or by using 
the Planimetpjr (fj.r.) Suppose the area to be 
a square inclies, then if I be the length PqP^j in 
inches and x tlie average lieigbt, which we wish 

to find, we have xl =- a and x — Wc know the 

original pressure of the steam, and tlicrefore know 
how many ])oiiu(Js jircssure are represented by the 
line I'^P,, and by proportion we can find the average 
pressure represented hy x. The total amount of 
work done on the piston during one stroke of the 
engine is then found as follows : Let a he the area 
(»f the piston in square inches, jt? the average pressure 
during the stroke, / the lengtli of stroke in feet; then 
pal is the work (in foot pounds) done in one stroke 
or half a revolution. If the steam act on horh shies of 
the piston, the work in one revolution is ^Jpal, iiml 
if n be the number of revolutions per minute, the 
work done on the piston per niinute is 2npeU foot 

pounds or horse power. This is termed the 

Indicated Horse Tower (J.LLT.) of the engine. 



PlG. 8. 


An Indicator is an instrument for actually drawing 
the infiicator diagram hy the action of the steam it- 
self. A small cylinder A ( fig. 3) communicates directly 
with one end of the cylinder of the engine by a tube 
at the bottom. A piston B fits smoothly in A, and 
is pressed down by a spring c, whose strength is so 
adjusted that the piston will rise a convenient dis- 
tance when the maximum steam pressure is exerted 
on B. The motion of b is communicated by a piston 
rod and link at D to a lever E, which carries a pencil 
at H. The pencil marks its position at each instant 
on a card F, which moves backward and forward at 
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Fig, 4. 


the same rate as the piston of the engine. If F be 
stationary, H will describe^ vertical line, the line of 
no volume, and the positi^ of H shows the pressure 
of the steam at the instant; while if B be at rest 
(».s. the inlet be cut off from co 9 nGctioii with the 
cylinder by a tap), then if F move backward and 
forward, we ahall obtain a horizontal line kl, the 
line of zero or atmospheric pressure. If both f and 
B move, the pencil will trace out a closed fipire, 
which shows the relation of the pressure and volume 
of the steam at each instant of the stroke. This 
figure is the actual Indicatob Diagram for the 
engine ; it will differ from the theoretical form shown 
in fig. 2, usually l>fung more irregular in outline and 
having rounded comers. Thus in fig. 4 the piston of 
the engine begins to move 
before the steam in the cylin- 
der has reached its full value, 
causing the corner b to be 
roundeil off ; then the steam 
is admitted at full pressure, 
giving the line.BC, which is 
nearly horizontal ; then tlie cut-off occurs and expan- 
siun begins. If the admission port \n ere closed in- 
stantaneously, the corner c w(3uld be quite sharp, but 
in j)raclicc this is never the case. Exjjansioii goes 
on during the remainder oi the stroke till tlic cx- 
liaust i-Kjrt oj>ens, and the pressure falls from d to K; 
the return st roke now occurs, and stoain escapes from 
the cyliinUr at nearly constant pressure (shown by 
the line ka). If the exhaust port be clo.scd slightly 
before the end of the stroke, the pressure of the 
remriining steam rises, through compression, produc- 
ing wliat is termed Cushioning, whh’h is shown hv 
the rounding off of the corner A, If the cut-off occur 
earlier in the stroke, the diagram takes the form 
shown in fig. o. If the 
engine be fittc<l with a con- 
(leiiK^r, the pressure of the 
sterim falls to a value It'ss 
than the atmospheric pr('s- 
sure, and the diagiara extends 
below the Atmosphukic 
Disk kl (lig. ;}), whif-ii is 
ilrawn wlien the piston of 
the indicator remains at rest, 

while the card F itwjves in unison with the piston of 
the euigine. A somewhat different form of indicator 
Ls used for gas engines, or in any engine where 
the chang(js of ])rf*,ssnrc are very rapid ; but the 
essential principle is the same. The diagram for 
a typical gas engine msing the Otto (^ycle (see Gas 
Engines) is given here for completeness (fig. G). 
The lino AB marked out 
while the charge is being 
drawn into the cylinder. The 
admission valve then cl().st!s, 
and the charge is compressed, 
giving the line bc (the Com- 
PRE45SION Line). Explosion 
oo(mrs and the pressure rises, 
giving the line OD. If com- 
bustion were complete , before the piston began to 
move, this line would be vert-ical. At d the expansion 
of the exploded gases sets in, ami the line de (the 
Expansion Line) shows the pressure during the 
forward stroke. At e the exhaust valve or port 
opens, and during the next return stroke the exhaust 
or bmmt gases arc expelled, the pressure again falling 
to the valve at A, and the cycle is complete. The 
area of the shad^ portion is proportional to the 
work done in one cycle (two revolutions), and the 




rir. 


average presBuie is, as before, the average height 
this portion. 

Indifferent Equilibrium. A body is in indifferent 
equilibrium if on receiving a small displacement it 
does not experience any force tending dther to in* 
crease or decrease the displacement. 


Indigo (/".’Am.) Oc:c4^C.H, 

A dark blue solid which exhibits a coppery lustre 
when rubbed ; insoluble in water, alcohol, ether ; 
soluble in hot aniline, in hot naphthalene, and in 
melted paraffin. It can be crystallised from the 
former. On heating, it sublimes, forming lustrous 
copifKjry prisms. Its vapour has a density corre* 
.sponcling to the above formula. Alkaline reducing 
agents dissolve indigo, forming iNDiGO WHITE, 


. , II ✓(-• . OH ^ ^ ■ OHv Q jj , 


This property is used in dyeing cotton, the reducing 
agents employed being very various ; #?.y. lime and 
zinc dust,^ alkaline hyposulphite O/.i'.), electrolytic 
reduction.* Indigo white is a white crystalline solid, 
soluble in alcoliol. Wlien cotton is dipped in the 
alkaline solution and then exposed to air, the oxygen 
soon oxidises the indigo white to indigo again, and 
the blue so obtained is ‘‘ fast.” With sulphuric acid 
indigo forms, according to the strength of acid 
employed, mono-, di-, and trisulphonic acids. The 
disulphonic acid is soluble in water, and is used in 
wool dyeing ; its sodium salt comes into trade as a 
paste undoi the name indigo carmine. f)n oxidation 
with nitric acid or chlorine water, indigo yields 
ISATIN (^'.v.) ; on distillation with caustic potash it 
yields Aniline (f/.v.) Indigo is obtained to a very 
small extent from woad {Imtis Hneforia) ; to a much 
larger extent in India and South America from the 
leaves of the indigo plant (TtuVigofera tmetoria). 
These plants ctmtain a glucoside inditian. When the 
leaves of the Indian plant arc soaked in water tlie 
glucoside yields a sugar and a substance Indoxyl 
(^.r.), which on oxidation yields indigo. The natural 
indigo is not a pure sab>tance; it contains indigo 
red, indigo brown, and indigo gelatine. Pure indigo 
may be obtained from it by sublimation, or by 
crystallisation from aniline, or by conversion into 
indigo white and allowing the alkaline solution of 
the indigo white to oxidise in the air. The pure 
indigo is called Indigotin. Large quantities of indigo 
are now made synthetically by the Baden Aniline A 
Soda Company. To give some idea of the scale on 
which artificial indigo is made, the export of indigo 
from the provinces of Calcutta and Madras fell in 
value by 43 per cent, between the years 1 Sf)i5-6 and 
1899-1900; also in 19(K) the above company were 
converting ycsarly 2,0tX),000 kilos of glaci.il acetic 
acid into monochloratu^dic acid in the manufacture 
of artificial indigo. A further impetus was given to 
the manufacture in 1901 by the Prussian Army order 
that all the blue military uniforms must be dyed 
by artificial indigo. The synthesis employed is 
Heumaun’s. Naphthalene, the most abundant and 
cheapest coal tar product, is converted into phtbalic 
anhydride by fuming sulphuric acid and mercuric 
sulphate. The anhydride yields phthalimide with 
ammonia, and bromine and alkali convert the 
phthalimide to anthranilic acid. The latter with 
moDochloracetic acid yields orthocarboxyphenyl- 
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glycine, which on fusion with alkali and action of 
air yields indoxyl and then indigo. 



Many other syntheses of indigo are knouTi, also 
Dyes and Dyeinq.— W. H. H. 

Indigo A dark blue produced from a number 

of different plants, including Indigofera tincform and 
TnAigofera anil (order, Lcgunmiosw), It is a useful 
blue for the house painter, although it cannot be mixed 
with lead or lead cbromates. Artificial indigo is now 
an established commercial success, and bids fair to 
drive tho natural article from the market. For 
painting purposes indigo may be employed for pro- 
ducing effects difficult to obtain in any other way. 

Indigotin Indigo. 

Indigo White ( CJtem.) See Indigo. 

Indlmu, In. Atomic weight, 114. A soft 

white metal; melts at 176^*; on heating strongly it 
bums with a violet flame ; it dissolves in dilute acids, 
forming indium salts ; its salts when acted on in 
solution by zinc or cadmium deposit indium. Forms 
three chlorides, InCl, InClj, InCI,. The first two are 
decomposed by water, giving tho metal and InCh^. 
The metal belongs to the same group as aluminium. 
It occurs to a minute amount in zinc blende, in 
which it was discovered by the spectroscope ; its 
spectrum contains two bright blue lines. 

Indogen {Chem,) Sae Indoxyl. 


CH09) 

Indole C,H|^^CH(a). Crystallises in 

NH 

shining petals ; ^elts at 62° ; peculiar and rather, 
disagreeable smell ; volatile in steam; soluble in hot 
water, In alcohol, ether, and benzene. . It is a weak 
base. It is a pyrrol derivative. Indole is formed by 
putrefactive changes in the intestines; also when 
albumins are melted with caustic potash. Formed : 
(1) By reduction of ozindole with zinc and hydro- 
chloric acid — 


CH, CIT CH 

aU, \ CO C,I1. . OH ->• CB 

NH NH NH 


Tuiitomcric F^iua. 

(2) By reduction of orthonitrocinnamic add with 
zinc dust and caustic potash — 

,CH = CH . CCOH 
C,H,< +3H* 

on 

'^) CH + CO.-f2H,0 
NH 

It was first obtained by reduction of indigo. On 
oxidation with ozone it again ymsses into indigo. 
See also 8KATOLB. 

C . OH 


Indoxyl {Chem.), ):OH (/ 3 -oxjdndole). 

NH 

An unstable oil which dissolves in water with yellow 
fluorescence. Irt alkaline solution it is easily oxidised 
hy air to indigo. With potassium pyrosulphate it 

forms potassium indoxyl sulphate, ^ 

substance which occurs in urine ; it ariBcs from 
indole which is formed in the intestines. Indoxyl is 
an intermediate product in the synthesis of indigo 
{q.r.) It is formed from indigo by melting with 
caustic potash »uit of contact with air. In some 
of its reactions iiuloxyl behaves as if it had the 
tautomeric (see Tautomebism) formula: 

c: . OH CO 

c.H ^ (.'II ^ >cn, 

NH Nil 

Indoxyl. raeudr>'IndozyI. 

Thus with aldehydes and ketones it yields Indo- 
genides, e.g. 

CO 


0„ H , ^ C : CIT OgHj, Bcnzahlehyde indogenidew. 

NH CO 

Indogen is the name given to the group 

NH 


Induced Cuppent (^Eleot) The current produced 
io a conducting circuit when the number of magnetic 
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lines of force passing through it is varied, Ses 
Induction. 

Indaoed Xafiigtlsiii. The magnetism prodnded 
in a piece Of iron (or steel) which was previously 
nnmagnetised* by placing it in a magnetic field. 

Eng.) (1) In general terms, 
equivalent to Induction (jg.w) (2) The Co- 
HFPICIKNT OF SELF INDUCTION of any circuit. See 

-SELF Induction. 

Indnetion Coil (^Eleot.) An apparatus for obtain- 
ing a very small current at a very high voltage from 
a battery current of low voltage, and hence really a 
txaiisformor especially adapted to work with a con- 
tinuQus current from a few cells. It consists essen- 
tially of an iron core, usually of wire, wound with 
two independent windings, the first or I*bim ABY being 
merely two or three layers of stotit wire. This is con- 
nected to the battery through a “ contact breaker,” 
the result being to magnetise and demagnetise the 
Coro at a rale determined by the stiffness of the 
contact breaker sijring. The lines of force thus pro- 
duced cut the Hecoxdatiy coil, wound over the 
primary, setting up in it an induced E.M.K. whose 
zmignitude dopencis only upon the number of lines of 
force, the number of turns, and the rate at which the 
lines cut the turns, and thus may be made great 
-enough to produce sparks of considerable length by 
suffi^ciently increasing the number of secondjiry 
turns. The greatest care is necessary in insulating 
the secondary from the primary, and also the various 
turns of the secondary from each other, and large 
^oils usually h.ave the secondary built up of numerour 
independent small coils wound in thin vortical slices 
separated by discs of insulating materi^il. 

Induotion, Electro-Magnetic. When a conductor 
is moved at right angles to the lines of force 
in a magnetic field (J.e. when there is relative 
motion), Jtn electromotive force is sej. up in it which 
is iiulependcnt of its material, and, cxccjit indirectly, 
of its size and shape also j it depends only upon the 
number of linos of force cut and the tune in whicli they 
are cut. In other words, the rate of cutting is a 
measure of the E.M.F. If the conductor and the 
field are not at right angles, only tlie resolved com- 
ponent of the motion wliuOi is at right angles to 
the lines of force is effective, no E.M.F. being pro- 
duced by the cornjionent of th<i motion along the 
lines of force. The fact that an induced E.M.F. is 
independent of matt;rial is the basis of tlie definition 
of unit E.M.F., wliich is naturally defined as being 
the E.M.F. produceti in a conductor cutting one line 
of force per second. It should be noticed that the 
induced current cannot be so simply stated ; it may 
not even exist, and in any case its magnitude depends 
upon the resistance of the conductor and of the rest 
•of the circuit. See aUo Induction (Self, Mutual, 
Magnetic, etc.) 

ElootPOstatic. When a neutral body be- 
comes electrified by mere proximity to a charged 
body without actually receiving any of its charge, it 
is said to be charged by induction. Another way of 
exprossing the same fact is to say that if lines of 
electrio force pass in or out of a conductor, they end 
and bejgin in electric charges, and hence a conductor 
necessarily becomes charged when placed in an 
electrostatic field of force. 

Xatfliettc. If a piece of iron, steel, etc., 
previously unmagnetised, be placed in a magnetic 
fiuid, it becomes a magnet. It is then said to be 


magnetised by induction. See MAGNETIC lN-» 
DUGTION. 

Iiidiictioii»Mataal(.92s£^.) Whenacurrentisstarted 
or stopped, or varied in strength in one circuit, it 
will produce an induced E.M.F, in a neighbouring 
and independent circuit, because some of the Hnes 
of force produced in the first circuit cut the second. 

y Self iEleot.) When a current fiows^in a 

circuit, a magnetic field of greater or less strength 
is always produced, and this field, while appearing or 
disappearing, necessarily cuts the circuit itself, and 
in so doing sets up an induced E.M.F. With steady 
currents this effect only occurs at its starting or 
stopping, the result being that the rise of a current, 
is opposed by the self-induced E.M.F. in the opposite 
direction, and its stoppage also opposed by another 
self-induced E.M.F. in the same direction, the effects 
being most consj^icuous in the case of coils of wire 
having iron cores. The result is that an electric 
current behaves as if it possessed inertia, and is 
unable to start or stop instantaneously. 

, Self, Coefficient of iEUet.) This may be de- 
fined for any circuit or part of a circuit as being iiume- 
ricidly equal to the “ amount of cutting ” which takes 
place when hnit current is stopped or started in that 
circuit. For instance, if unit current produces I 
lines of force, and these lines cut n turns in appear- 
ing or disax)pearing, then Z x » is the ” amount of 
cutting,” and is the coefficient of self induction. 
This is the absolute unit, the practical unit being 
the IIenby, which is 10“ absolute units. It is usually 
denoted by the letter L, 

Induction Valve, Port, etc. The valve or 

|K>rt by which steam (or gas) enters the cylinder of 
an engine : more usuftlly termed an Admission Valve 
or Fort. 

Inductive Capacity, Specific (EleoU) See 

Specific Inductive Capacity. 

Inductor Alternator {Elect. Eng.) An alternating 
current dynamo in which the change of flux through 
the armature coils is produced by the motion of 
masses of sufl. iron, both field magnets and armature 
coils remaining at rest. Sec Dynamo. 

Indulines {Ohem.) Dyes ranging in shade from 
red to diirk blue. They are insoluble in water, but 
soluble in alcohol. They are divided into clasees aa 
follows ; 

Benzene induline, IIN : 

Isorosinduline, HN : 

nosinduline, HN i C,H,. 

C.H5 

Naphtbindnline, HN: 

From these many derivatives are obtained by intro- 
ducing other radicals in place of hydrogen in the 
HN, and benzene and naphthalene residues on the 
left and right of the formulm. The preparation Cf 
the simpler indulines consists in beating together a 
mixture of amidoazobenzene, aniline, and aniline 
hydrochloride. Rosinduline is prepared by heating 
benzcne-azo-a-naphthylamine with aniline and 
aniline hydrochloride. 



rCTD 


310 


INK 


IndQBfcrial Soaps* A term used to describe that 
class pf soap used for special purposes, such as ox 
gall soap, which is useful for scouring woollen goods 
and cleaning car|)et8, soap for silk djcis, fulling 
soap, etc. 

InequalitioBy Secular {Astrm.) Perturbations of 
the celestial bodies so small that they only become 
important in a long period of time. 

Inertia* The property of matter whereby it resists 
the action of a force which tends to cliange its state 
of rest or of uniform motion in a straight line. 

9 Moment of* A quantity which takes t1\cf 

place of mass in the mechanics of rotating bodies, 
ft is obtained by muliiplying the mass of each 
particle in the rotating body by the square of its 
distance from the axis of rotation, and summing the 
series to an infinite number of terras. It can be 
shown tliat the ordinar 3 ’' equations of linear motion 
are true for rotatory motions if moment of inertia 
be written in place of mass, and angular velocity in 
place of linear \clocity; for instance, the energy of a 
rotating body is ^ Iw-, where 1 = moment of inertia 
and u = angnilar velocity. The moment of inertia 
of a body is often written in tlie form I MZ*", 
where M is its mass and k the radius of g}'ration ; 

that distance from the axis of rotation at which 
all the mass must be placed in order that its kinetic 
energy may Ixi unalter(*d. 

IneBCutcheon or Shield of Pretence (Zfer.) A 
small shield placed on an escutcheon. Tlie arms of 
Ul'^tcr are placed in this manner on the shields of 
baronets. 

Infection. See Contagion. 

Infectious Diseases (^Hygiene). See Dangeeous 
Infectious Diseases. 

• Inferior Conjunction {Astron.) Two or more 
bodies arc sahl to be in conjunction when they arc 
in the same longitude or riglit a<<censioii. They are 
in inferior conjunction when they are on the same 
side of the sun. 

Inferior Figures or Letters (Ty/wy,^ Bmall 
letters or ligur(\s w'hicli range at the bottom of an 
ordinary letter or figure, thus : .j. ,, The reverse of 

superior.” 

Inferior Planets (A/<tron.) Those whose orbit s lie 
between that of the earth and the sun, i.e. Mercury 
and Venus (fj.v.) 

Infiltration (trcoZ.) A mode of action connected 
with the tendency of fluids to spread to wider 
areas under the combined influence of surface 
tension and gravitation. Water containing any one, 
of various substances in solution may thus cany 
them into various ]*arts of the Earth s crust Ijelow 
and around their starting point, and may eventually 
leave these substances in new positiems. Iron, silica, 
carbonate of lime, carbonate of magnesia, and other 
substances may be introduced into rocks by this 
mean.*». 

Inflation (Cyolee), See Tyres. 

Influence Machine {Meet.) A general name for 
static cleclriaal machines which make use of the 
principle of induction instead of friction. See Holtz, 
WiMSHURST, and Voss Machines. 

Infula^p^. Infultt {Cost.) The pendent lappet or 
lappets hanging from a bishop*s mitre and falling on 
the shoulders. Originally the term was applied to a 
form of mitre itself. ^ 


Ingate {Foundry). The gate (^.v.) by which fluid 
metal enters a mould. 

IngenhauBz’s Eiqieriment {Heat). An experiment 
to comi>are the conductivities of different materials 
in the form of rods or bars of equal section and 
similar state of surface. The bars are coated with 
wax, and one end of each kept at a fixed temperature 
by means of boiling water or other convenient 
method. When a steady state is reached, tlibe wax 
is melted to different lengths along the bars, and the 
conductivities are proportional to the squares of the 
lengths of the melted >vax. 

Ingot {Met.) A mass of metal which has been 
pourcti into a mould in order to give it a shape 
(usually tiiat of a short rectangular bar) convenient 
for handling, transit, or storage. 

Ingrain {Dec.) A class of wallpapers now very 
I)opular, made from dyed pulp, which gives the pre- 
vnilji>g colour to tlic paper in contradistinction to 
ordinary wallpapers which are “ grounded ” or covered 
with <listnmper colour. Ingrains are often used quite 
plain, i.e. without pat Lem, but some are printed with 
a pattern in very light colours. The surface of most 
ingrains is absorbent, almost like blotting paper, and 
the usual method of a])i)lying plenty of paste and 
allowing it to soak cannot successfully >»e followed 
with them; as little moisture as possible mtist be 
used. In all cases lining or plain paper should be 
hung underneath, e>pecijilly if old paper is left on 
the wall. Even when properly hung, ingrains are 
very apt to fade. The dyes employed are mostly 
fugitive. See I’APBU HANGING, WALLPAPERS. 

Initial Condensation (Foy.) (Condensation of 
steam on first enteririg a cylinder. 'J'be loss of energy 
thus caused is largely prc\«'nU‘<l by keeping the 
cylinder hot by means of a Ste.vm Jacket {q.v.) 

Initial Pressure {Ffuj.) The pre.vsure at which 
steam first enters 'a steam cn^iin cylindcT, or the 
X>rcs<ure of the ^as in a gas ergino cylinder at the 
in-stant after the explosion has occurred. 

ll^ection {Fny.) Applied generally to the 
forcing of a small stream of fltiid into a vessel, 
e.specially to tlie forchig of water into a boiler b^* 
iiiean.s c»f an injector (^. »-’.), or into the condenser of 
an engine. 

{or Jet) Condenser {Fny.) Si>e Condenser. 

Injector {Fny.) A i>iecc of apparatus for forcing 
water into a boiler. A jet of steam mingie.s with a 
portion of the sup])!}' of feed water, and by its con- 
densation causes a partial vacuum, into which the 
main portion of the feed water rusho.s with grt^at 
velocity. The kinetic energy of the moving water is 
suliicient to force a steady stream of feed water into 
the boiler. 

Inker {Print.) One of tlie rollers in a printing 
macliino which apply ink to the type. 

Inks. Writing ink is a mixture of feiTous and 
ferric gallatcs, to which gem has been added. It is 
made from mitgalhs and ferrous sulphate (coiipcras), 
the gnm serving to keep the gallatos in su.spcnsion. 
The galls arc sometimes rejilaccd to a greater or less 
extent by use of logwood and indigo extract. 
Coloured inks are now usually made from coal tar' 
dyes, e.g. cosin or magenta for red ink. Hym pa- 
thetic Inks are of various kinds. The writing may* 
be done with a solution of cobalt nitrate, when it 
will be colourless till it is warmed; the heat will 
turn it blue. The writing may be done with silver 
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nitrate, when it will turn black on ezposore to 
sanlight. The writing may be done with a Bolntion 
of copperas, and afterwards made visible by washing 
with on extract of {^llnuts. Pbiktinq Ink is a 
mixture of boiled linseed oil and lampblack. 
Coloured inks are prepared by using a snitable 
pigment in plftce of the lampblack (vermilion, oxide 
of lead, lead chromate, Prussian blue, ultramarine, 
etc.) Masking Ink should contain silver nitrate, 
Indian ink, and gum. 

Inlets for Fresh Air. See vndcr Sanitation. 

Inlier ( Geol.') Ari exposure of rock which is com- 
pletely surrounded by higher or newer rocks. It is 
a term winch is usually restricted to sedimentary 
rocks occurring under the conditions named, but 
it is also api»Hed to similar exposures of intrusive 
masses. It is a correlative to Out lieu ({?.«.) 

Inoculation {Hygime). A method of communi- 
cating a disease in a mild form by directly intro- 
' ducing infectious matter into the system. This 
renders man mere or less insusceptible to such 
disease. 

Inorganic Chemistry. A term long applied to the 
study of all the eJonjents and their comjuninds, 
excepting these of carbon, which were supposed to 
be produced by or intimately connected with 
' organic processes, %.(•, processes carried on in or 
by the agency of animals and plants. The distinc- 
tion between inorganic and organic chemistry was 
shown to be unreal and arbitrary when the synthesis 
of carbon compounds from tlieir elements became 
general. 

Inorganic EYOlution (Asdrm.') An hypothesis 
which has jjian\ .stioiig fai'ts to support it, viz, that 
all the various kincls of matter, all the various 
BO cJillftd chemical eleiiients, may bc‘ built up in some 
way of the same fundamental substance. 

Inorganic Ferments ( ( Viom .) See Enzym es. 

Inosite or Hexahydrohexaoxy Benzene ( Chem.), 
CMOHX. A cr\stj!Uine .solid whioli exists in a 
dextro, a lasvo, and an inactive form. It occur.^ in 
muscle (it is sometimes calk'd muscle sugar), in the 
liver, and is largely distributed in the vegetable 
kingdom. 

Insect Wax {railed also Chinese Wax). Is secreted 
by the inset t (\iflrus errifrrus. It- is \\ liite, odourless, 
tasteless, autl almost as hard as C’arnauba wax (^.r.) 
It is used in Japan and China for making candles, 
sizing paper and cotton goods, but is not exported 
excepting in small quantities. 

Insertion Joint {Eng.') A joint in pipes which is 
made watertight by Ibe use t>f a ring or washer nuide 
of indiarubber or rubber alternating with layers of 
canvas. 

Inset (P/'/w If.) A sheet, or the part of a .sheet, 
widch falls inside another sheet in sequence of 
pagination. 

Inside {Lace Mamfar,) A term that includes all 
the most, delicate working parts of a lace machine, the 
principal being the “ combs ’’ and “ points.” 

Inside Calipers. Calipers {y.r,) with the points 
turned outward, feu* measuring the internal diameter 
of a cavity. 

Inside Crank (Eng,') A crank formed on the shaft 
so as to lie between tlie bearings; the most usual 

form. 

Inside Cylinders {Eng.) * Cylinders of a locomotive 
Which are fixed inside the frame. 


Inside Gouge {Carp,^ etc.) A PABiNa or BcmiBiKa 
Gouge {q,v.) 

Inside Lap {Et^.) See Slide Valve. * 

Inside Lead {Eng.) See Slide Valve. 

Insolation {Phys.) Exposure to sunlight for the 
purpose of producing phosphorescence. 

Inspection Chamber {Sanitation). A chamber at 
the junction of drains to allow of inspectign. See 
Drains. 

Installation. Machinery, plant, apparatus, etc.t 
which is set up in a more or less permanent maimer, 
e^. machinery comprising engines, boilers, dynamos, 
switch boards, cables, wires, lamps, etc., for supplying 
electric light. 0 • 

Instantaneous Centre. If two bodies are moving 
in any manner in a plane, tbeir motion at any given 
instant can be fully repre.sented as a rotation about a 
certain point, termed the Instantaneous or Virtual 
Centre, lliis point is the intersection of two normals 
(tlie Virtual Radii) drawn to the directions of the 
motion of the respective bodies. 

Instantaneous Value {Elect) The value of a cur- 
rent or electromotive force at any given instant. 
If tlic current (or E.M.F.) vary harmonically, then the 
instantaneous value (A) at time t is given by the 
equation 

A = Aq Sin pt 

where is the maximum value, and p a constant 
depending upon the frequency. 

Instantaneous Vice {Eng., etc.) A vice in which 
the. grip is obtained by some form of cam or rack. 
This can be disengaged at will, and a large movement 
of the jaws rapidly effected, the loss of time being 
mu(‘h less than when the jaws are operated by a 
screw, as in the ordinary vice. 

Instrumentation {Music). Tlie art of orchestral 
writing. 

Insulate, Insulation {Elect.) The separation of 
conductors from othtjr ct)n due tors by means of non- 
conducting materials ; also frequently used for the 
material itself. Str. Insulating Materials. 


Insulating Materials or Insulators {Elect) A 
perfect insulator is a substance which does not 
eondint electricity. No really pcrfei’t insulator 
has been discovered yet. In practical use the 
.substances which approach the required conditions 
most nearly are those with very high resistance, 
e.g. glass, porcelain, ebonite, guttapercha, rubber, 
various resins and waxes, certain minerals {e.g. 
micfi), silk, and various oils. Gases are almost 
complete insulators from the ordinary point of view 
of the practical electrician, though a gas may convey 
electricity freely at low pressures. The specific re- 
sistance {q.v.} of some important insulating material 
is as follows ; 


Mica 

Glass 

Guttapercha . 
Shellacs . 
Ebonite . 
Paraffin wax . 
The above resistances 
temperatures. 


. 8*4 X 10' megohms. 

9 X 10' 

. 4*5 X W 
. 9xW 

. 2-8 X 10'® 

. 3*4 X 10'® 

are ail given at ordinary 


luBulating Paint. A paint made of fossil gum, a 
pigment , ana a vehicle, usually spirit or napht^ in- 
tended for use in connection with electrical appliances, 
being unaffected by the current. 



iBBoJating BaiistaiiiMi (JEletA,') See iNSULATiNa 
Hatsbials. 

Insiilatop A support or coating com- 

posed of some INSULATINO Matbbial (g.v ,) ; applied 
to a conductor in order to insulate it. 

Intaglio iArohiteat.') A species of sculpture in 
wlniob the subject is carved into the ground so as to 
form a hollow. See Cato Relievo, Basso Relievo, 
Alto BMJBrvo, and Mezzo Relievo. 

(Art). (1) A figure engraved or cut into 

a substance so that the design is below the surface. 
(2) A gem with a figure or device cut in the fore- 
going manner, e.g. a seal. An intaglio or incised 
carving is the reverse of a Cameo {q.v.) 

* ftitenaiflcation (Photo.) Increasing the opacity 
of the image to actinic rays either by depositing 
additional silver from a solution of its salt or by tlie 
ine of a metallic salt (very frequently mercury), 
followed by ammonia. Intensification does not add 
to the detail in the picture ; it merely strengthens the 
image already formed. 

IntensifieFB (Photo.) Solutions used for Itensifi- 
CATION (q.v.) If mercuric chloride be cmphjyed; the 
negative is soaked in a solution of this until bleached, 
an<l, after well washing, blackened by means of cuther 
sodium sulphite, ammonia, or by the application of a 
ferrous oxalate developer. 

Intensity of Light. The quantity of light which 
falls upon a unit area of the illuminated .surface. 
Intensity is usually measured by comparison with an 
arbitrary standard, such as the light irom a standard 
candle. See aUo Illumination. 

Intensity of Magnetisation. A measure of mag 
netic strength based upon the idea of magnetic poles 
and action at a distance. It is numerically equal to 
magnetic moment divided by volume, and hence in 
the ideal case of a uniform bar having free poles 
wholly on the end surfaces it means the number of 
unit poles per unit area of end surface. 

Interbedding (Geol.) A term used as a correlative 
to Intrusive. It is thus applied equally to rocks of 
volcanic engin and to normal sediments, and con\cys 
the idea of repeated alternations of conditions favour- 
able to the deposition of beds of rock. 

Interceptor (^Sanitation). See Disconnecting 
Traps. 

Intercepts (Min.) The lengths of the axes cut off 
by the crystal face or by the extension of the plane 
of that face. See Systems, Ckystallogbaphic. 
The simplest example is the regular octahedron (of 
the cubic system), where the intercepts are all equal. 
The intercepts are thus, 1:1:1. Tlie face of the cube 
is parallel to two of the axes, but cuts the other at 
unity, hence the intercepts are 1 : CO : 00. The inter- 
cepts are always expressed as whole numbers, and 
these numbers are usually of low value, rarely more 
than ten. Thus, if the amount of one axis cut off 
by a face was half the unit length of that axis the 
intercepts are written 2:4:1 instead of 1 : 2 : 

Interchangeable Parts. In many modem machines 
it is customary for the makers to supply spare parts, 
which can be substituted for damaged or worn parts, 
without alteration or fitting. The productiem of 
strictly interchangeable parts is only possible when 
they are made very accurately to gange, and depends 
very largely on the use of automatic machinery in 
the manufacture of the articles. Cycles, motor cars, 
seagoing machinery, and many machines required 


for export are some of the best examples of mechanism 
whose value is much increased by the interchange* 
ability of parts. 

InteFOolaniniatlon (AreUUat,) The space between 
two columns measured immediately above the bases, 
except in the case of the Greek Doric order, in which 
the intercolumiiiation is measured at the lowest part of 
the columns. See Pycnostylb, Bybttlb, Eubtylb, 
DiASTYLB, AR.EOSTYLB, MoNOTRIGLYPH, DITRI- 
olyph, and Tbitbi glyph. 

Intepdentils (Architect,) The space between two 
Dentils (q.v.) 

Interfispence (Phye.) A term chiefly used in con- 
nection with light waves, but applicable to wave 
motion generally, and really meaning that when two 
or more waves traverse tlie same space the net result 
is the algebraic sum of the separate disturbances. 
Hence two waves of equal frequency and amplitude 
will have a resultant zero when a phase difference of 
half a wave length (or any multip>lc of lialf a wave 
length) exists between them, and will, conversely, 
enhance each other’s effect when the phase difference 
is a wdiole w*ave or any multiple of a whole w*ave. 

Interference Colours ( Light'). Tnin<;parent laminm 
of any material wiiatcver cxliibit colour if they arc 
thin enough. This is due to the fact that some 
light is refiected from each suVface ; hence the part 
reflected from the second surface, having farther to 
go, is retarded with rcs})ect to the part reflected from 
the first surface, so that the two rn.iy strengtlien or 
wejiken each other aeconlixig to tlie fihase difference 
introduced. Such colour's occur froquimtly in nature. 
Instances are soap bubbles, mother-of-pearl, very old 
ghi-'S articles, po.icocks’ feathers, aud the plumage of 
many birds. These colours may be distinguished 
from absorption colours by the fact that the tint 
varies as the position of the observer changes. 

Interference Fringes (Light). When two spherical 
w'aves diverge from closely adjacent point sources (or 
from two narrow parallel slits whach arc really rows 
of point source.^), then in the space they mutually 
Imvense there will be points at which they destroy 
each other by interfercn':e, and other points at whi(*h 
titcy reinforce each other. When a small portion of 
the wave front is received on a serc^en or the retina, 
the result is a series of bright or <lark lines known 
as INTEHPKRJ'TNCE FiiJNCES. The distance between 
the lines varies with the wave length, hence mono- 
chromatic li^ht is necessary for good definition, 
while light giving a series of sujierposod fringes of 
the various colours, and thus exhibiting rainbow 
tints. 8uch fringes can be protluced in many ways — 
for instance, by Fresnel’s bi-prism (q.v .) — and may 
often be observed by merely looking at a lamp 
filament tlirough a pocket handkercthief or through 
the eyelashes. 

Interlace (Textile Nanvfac.) This relates to the 
crossing of warp and weft, the ortler of the inter- 
lacing in a weave prescribing the structure of the 
cloth. 

Intermat (Textile Manufao.) Tlie term applied 
to the felting or shrinking of cloths, the fibres 
intermatting or felting together. 

Intermediate Part. The terra intermediate ” is 
applied in engineering to a wheel, sliaft, cylinder, 
etc., which lies between and is connected to two 
similar parts. 

Intermittent Downward Flltratloih iSSt^FiLTRA- , 

TiON, and under Sanitation. 
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Inienud Obwaoterlitie (Meet. JShtgf.) A curve 
flhowing: the relation between the current and the 
electromotive force in the armature of a dynamo. 
See aieo Dynamo. 

Internal Oonpensatloii (Chem.') See Stebno- 

180MEK1SM. 

Intemal Fhia ^ running through a 

boiler so as to be surrounded entirely by water. 

Intemal Forces. Forces acting between different 
parts of the same i)ody, e.g, stresses. See Internal 
8TBESS. 

Internally Fired Boiler A boiler whose 

firebox or furnace is inside the boiler and surrounded 
by water. 

Internal Mitre (liuild.} The intersection of two 
mouldings forming an angle of less than 180^ 

Internal ResUtance The resistance which 

a current generator of any kind itself possesses, and 
which oannot be varied, as distinguishod from the 
external resistance, which may have any value. The 
sum of the two makes up the total resistance of 
the circuit. 

Internal Screw A screw cut on the inside 

surface of a hoJlow c) Under {e.g. a nut). Also called 
a female thread. 

Internal Stress {J^ng.) Strictly, all stresses are 
internal in their natute ; hut the term is especially 
applied to stresses in a piece of^matcrial which are 
not due to the load or other applied forces, but. to 
contraction or some similar fault due to bad design 
or construction. 

Intemal Work {Phys.) Whenever a substance 
alters its volume in consequence of a lieat. cbtmge 
in it, some work mu.st be done by or done against 
external pressure, and therefore it is convenient 
to distinguish between the heat actually given out 
or absorbed by thc5 sul»stance and c<?rresi>onding to 
internal work, and the portion equivalent to the 
external work done. For instance, a>)out 537 heat 
units arc required to change unit mass of water at 
100® to steam «t lOO”, and of these about 40 arc 
expended agiiinst atmospheric preK'*sure, the re- 
mainder being actually required for the change of 
state, or internal work. 

Interrupted Cadence (Mmic), Set; Cadence. 

Intersection Theory (^Teietile Mtmttfac.') The 
theory of cloth construction determined by the 
number of intersections or interlacings between 
warp and w'cft yarns and their relative diameters. 

Inter-Tie {Carp, and Join.) The intermediate 
horizontal timber forming the tie in a trussed 
partition. 

Interval CMvmc). The difference in pitch between 
any two sounds ; scientifically, the ratio L>etween the 
frequeudes of two notes. In music, intervals are 
re«'koned from the lower sound upwards, including 
both notes, and classed according to the number of 
alphabetical letters included. Thus 0 to G is a fifth, 
as it includes the letters c, d, e, f, g. Intervals exceed- 
ing an octave are called compound intervals, and with 
the exception of the ninth, eleventh, and thirteenth are 
for harmonic purposes reduced to simple intervals by 
subtracting seven and treated as that simple interval ; 

a twelfth is treated as a fifth, or a fifteenth 
(double octave) as an octave or eighth. Intervals 
are subdivided into different classes according 
to the Humber ’of semitones contained: seconds, 
thirdSi sixths, and sevenths axe called major and 


minor; fourths, fifths, and octaves, perfect. Iji« 
tervals a semitone less than perfect or less tbpa 
minor are called diminished, and those a seinitw 
neater than perfect or major are called augmented 
The following table gives the intervals within an 
octave and the number of semitones contained in 
each. Note that in each case the interval, as stated 
above, is counted according to the alphabetical 
letters contained, not according to the num^t Of 
semitones contained ; e.g, C to G!^ is a fifth, whilst 
0 to is a fonrtli, although in each case the number 
of semitones contained is six. 


Intkrvax. 

UniBOB. Semitone. Seconds. Ihirds. 



^ IXTiCEVAU 

Fourths. Fiftltf. 

Number of SeiaitorieA. 



Interval, 

Sixths. Sevenths, Octaves. 

Nnntber of Semitones. 


17 8 9 '10 1 1 9 10 11 12 I i 11 12 13 || 



When an interval is turned upside down it is said 
to be ** inverted.” The inversion may easily be found 
by subtracting the interval from 9 ; thus : 



is a major sixth, 



Is a minor third. By inversion perfect intervals 
remain perfect, major become minor, minor Ixicome 
major, augmented become diminished, diminished 
become augmented. 

IntradoB. See Arch. 

Intramerourial Planets (Astron,) Planets which 
ma}' p(>s.sibly revolve round the sun in orbits inside 
chat of Mercuiy-. 

Intramolecular Change. The name given to a 
kind of reaction in which the atoms which compose 
the molecule of certain compounds undergo a re- 
arrangement and produce a new compound. This 
kind of change can be brought about in many ways, 
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as the following examples show: (1) Ammonium 
cyauate is transformed into urea on evaporating its 
aqueous solution on the water bath : 

n:c.onh, = co<^. 

(2) Hydrazobenzene is transformed \y acids, even 
in the cold, into benzidine and a small quantity of 
diphcnylene : 

COCH. 

NH * 


COCH, 

• N.CI 
t 


A 


HCr \CH 


HQ 


A:h 






ca 

Parochloraedanilide. 

COCH. 

NH * 

c 


A 


Hcr \c.ci 


HCy^ylCH 

CH 

OrthofWoracetotlidt. 


(3) Phenylacetyl nitrogen chloride is transformed, 
on standing in glacial acetic acid solution, into 
parachloracelanilide and a small quantity <;f ortho- 
chloracetanilide : 



at which consolidation took place, as Plutonic, in 
the case of the deeper seated rocks, and TbappbAN 
for the remainder. 

Inulin iCkem.), A white crystalline 

solid which occurs in many plants, e.y. in dahlia 
tubers, in clucory, etc. It is coloured yellow by 
iodine. On hydrolysis with w'atcr containing a trace 
of sulphuric acid, it yields pure Jmvulose. 

Invected (//<?r.) A partition line formed by semi- 
circular indentations, the converse of engraile>d. 
See lifider Heraldry. 

InveFBe Square Law (Phys.) Most physical 
phenomena (electric and magnetic forces, various 
forms of radiation, etc.) are observed to decrca'«e in 
amount as we recede from the source or point from 
which the effect proceeds; if by doubling the dis- 
tance the effect fall to one quarter of its previous 
value, the phenomenon is said to follow the IN- 
VERSE Square Law. Thus, if the amount of 
force (e,ff. electric or magnetic attraction) at a 
given point be /, and the distance of the point from 
the source or origin of the force he r, the law is 

expressed by the equation being a constant. 

Inyersion {Chem.) A name given to the change 
wduch occurs when cane sugar is treated with dilute 
acids. Cano sugar is dextrorotatory. After warming 
with very dilute sulphuric acid it is changed to a 
mixture of (tqual quantities of di'xtroseand lasvulose, 
of whi(5h the latter is mort- str.>ngly lacvorotatory 
than the former is dexln^rotaiory. Hence the pro- 
duct is hexorotatory. This cliaugc in the direction 
of rotation gave the name Inversion to the proccs'^, 

(Music). (1) Of Intervals (sec INTERVAL). (2) 

Of a chord : when any note other than the Knot is in 
the Bass or lowc.^t part, a chord is said to he in- 
verted. (3) Of Counterpoint : when the lower part 
is placed above the up]>cr in Double Counterpoint, 
or rice verm, (4) Of a Fugue subject: v-’hon the 
subject is given in contrary motion, thus : 

Snljtict. J. R. Bach. 



(4) Nitrous acid changes oleic acid into claidic acid 
(a.v.') It als(> changes maleic acid into fumaric acid : 
COOH.C.H C0(H1 .c.n 
I! = II 

coon . C . H H . c . coon 

Some of the alkaloids undergo intramolecular re- 
arrangement t.0 a remarkable extent ; thus cinchonine 
forms the isomeric alkaloids cinchonicine, cinchoui- 
dine, allocinchonine. 

Intrusiye Rocks (Oeol.) Eruptive rocks which 
have (pade their wa 3 ’, while in a fluid statis upward 
and outward from deep seated sources (presumedly in 
connection with volcanic foci), and which have con- 
solidated somewhere below the surface. The great 
majority of intnisive rocks replace their own volume 
of the rock they invade, %.e. tliey do not displace it. 
Intrusive rocks may conveniently be distinguished 
in accordance with the position below the surface 
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(5) Of a pedal : when a pedal point is held at some 
other po.sition than below the harmony it is called 
an inverted pedal. 

Inversion of Images ( Plect.) An application of 
the mathematical theuiy of inversion to the solution 
of problems on electrostatics. When any ono problem 
is solved, the solution of another may be deduced by 
a purely geometrical j>i'ocess. 

Inversion, Thermoelectric (^ktet.') If one 
junction of a thermoelectric couple l>e kept at 0® C. 
and the other varied in temperature, there will 
usually be some point at which the E.M.F. becomes 
zero and then reverses its direction. For instance, 
with iron and copper the temperature of inversion 
would be 550® C. More generally, for any two metaU 
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forming a thermo-couple, there is usually some 
temperature, called the neutral temperature, such 
that there is no B.M.F. in the circuit when the mean 
temperature of the junctions is equal to the neutral 
temperature. When the mean value is less than 
this, the E.M.F. is in one direction, and in the 
opposite direction when the mean value is greater. 
For copper and iron the neutral temperature is 
275° C. 

Invertase or InTertin {Chem.) A widespread 
enzyme. It occurs in brewers' yeast; in some 
moulds and bacteria; in the plants yiehling cane 
sugar; in the liver and intestines of man. The 
process of extraction from yeast is complex and 
long. In outline it is as follows; Yeast is treated 
with strong alcohol, and the residue with chloroform 
water; the latter is liltered into absolute alcohol, 
and the precipitate dried in vacuo over sulphuric 
a(*id. The product still (;ontains ash, which can only 
be removed by an elaborate process. It is a light 
white powder, ami its importance lies in its power 
of inverting cane sugar. See Inveusion, Traces of 
acid promot<i its adion, while traces of alkali retard 
its action. Its optimum temperature is about 50'^ C. 

Inverted Arc ( Eng.) An arc light having 
a conical reflector tixed henciath it, so as to throw 
the light upward. Used in a room with a liat 
coiling, it produces very uniform illumination, free 
from shadows, and is suitable therefore for work- 
shops, drawing ofticcs, and many other purposes. 

Inverted Arch {Jiuild,) An arch built (near the 
fooiing.s) ups'ulo down to distribute the weight of 
piers, etc., over a greater area. 

Inverted Commas* Commas f)laced thus “ ” to 
denote that the matter is quoted; also to denote 
the title of a book, etc. 

Invert Sugar ( The mixture of dextrose 
and lievulose obtained on inversion of cane sugar. 

See Tx vaults I ON. 

Involucre {fiotany). The investment of over- 
lapping scales (»r bracts (m tlio underside of the 
capitulum or irifh>rescence of the Coniposiice. A 
similar, but less ciowdnl, involucre occurs in the 
UmhelUfcrfc^ at the base of a main branch of the 
umbel. 

Involute. If a cord wrapped round a curved 
surface be unwound (the unwound portion being 
kept tight), its free end will describe a plane curve, 
termed the Involute of ^he fust curve; the original 
curve is termed the Kvolute of the cjurve generated 
by the end of the cord. If the cord be unwound from 
a circle, ttic curve obtained is termed the Involute 
OF THE Circle. 

Involute Teeth. Wheel teeth whose ounces are 
formed by the invxdutes of a circle. In such 

teeth, both tlie root and point of the teeth form 
parts of one continuous curve. By reason of this 
property the distance between the axles of tw^o 
gearing wheels with involute teeth can be varie«l 
without interfering with the smoothness of action of 
the teeth. Such wheels are used in rolling mills, 
etc., whore the distance between the axles is apt to 
vary somewhat. No other form of wheel teeth will 
allow of this variation. 

lodatefl {Chem.) Salts of iodic acid. Sodium 
iodate occurs naturally along wit.h sodium nitrate. 
See under Jodinb. Potassium iodate, KIO,, is 
obtained by the action of caustic potash solution on 
iodine, 31., + 6 KOH * SKI + KIO^ + 3H,0. As the 


iodate is much less soluble than the iodide, it can be 
separated by repeated crystallisation. The salt may 
also be obtained by heating either iodine or 
potassium iodide with potassium chlorate. On 
heating, it loses oxygen and some iodine, formingr 
potassium iodide and some oxide. It combines with 
iodic acid to form acid salts. Silver iodate, AglO^ 
is obtained by double decomposition between diver 
nitrate and potassium iodate, AgNO, + KIO, » AglO^ 

+ KNO3. Stas used this salt in one of his numerous 
determinations of the atomic w'eight of silver. On 
heating, it loses oxygen and some iodine, leaving a 
residue of silver iodide and some silver. 

Iodic A.cid {Cheni.\ HIO,. A heavy white 
crystalline solid, soluble in water, insoluble in 
alcohol. Kept at 200°, it loses water and forms the 
anhydride iodine pentoxide. It behaves as a strong 
oxidising agent; e,g» it oxidises hydriodic acid to 
water and iodine, HIO 3 + 5H1 — + SI,. Used 

as a test for morphine, which liberates iodine* from it. • 
It is prepared by beating iodine with strong nitric 
acid, evaporating to dryness, heating the residue for 
some time at 200 ° to expel all nitric acid, and 
crystallising from water. 

Iodine, I. Atomic weighty 127. Dark 

grey histrous solid; melts at 114°; boils at 184®. 
'Jhe vapour is blue wdion pure, reddish violet when 
mixod with air ; below 700° the molecule is diatomic r 
at 1700°, monatomic. Sp. gr. of iodine = 5. It is 
slightly soluble in water, forming brownish solution ; 
very soluble in potassium iodide solution, giving a red 
solution ; very soluble in carbon disulphide and 
chloroform, giving a violet solution. Strong solutions 
of iodine in carbon disulphide do not transmit the 
visible and ultra violet rays of the spectrum, but da 
transmit rays of greater wave length than these (so 
called *• heat ra\s”). It unites wdth many elements 
forming iodides; c . g . hydrogen (see Hydriodic 
Acid), mercury (t/.v.)^ iron (q.v.) With caustic 
soda or potash it forms potassium iodide and iodate, 
:jI, + t>KOH = 5K1 + KIO 5 , + With ammonia 

it forms nitrogen iodide (i/.r.) Strong nitric acid 
oxidises it to iodic acid (q.v.) With starch paste itgives 
a deep blue colour : this reaction supplies a common 
test for the presence of iodine. Iodine occurs in sea 
water and in sea plants and animals, hence it is present 
in sponges and in cod liver oil ; in crude Chile salt- 
petre ; combined with certain metals, e,g, silver ; in 
certain rather rare ores ; in some mineral springs, 
i \ g . one at Woodhall Spa near Lincoln is famous for 
the free iodine it contains ; in the thyroid gland in 
man. The world’s production of iodine is practically 
under the control of a syndicate which owns nearly 
all the South American and a great part of the 
Scotch iodine manufacture. The French iodine 
makers are bound by the syndicate only to produce 
I for home consumption. Most iodine is extracted 
I from Chili saltfietre, NaNO,, which contains sodium 
iodate, NalO„ as impurity. On crystallising the solu- 
tion of the crude nitrate, sodium nitrate separates out, 
while the iodate remains in solution. From the solu- 
tion sodium hydrogen sulphite precipitates the iodine,. 
2NalO, + SNaHSOj = 3NaHSO, e 2Naj,SO, + 2Rfi + 1- 
lodine is also obtained from seaweed in Sc^and ana 
in France. The weed (deep-sea weed) is either care- 
fully burned or is simply extracted with water to dis- 
solve out the soluble salts. In the former case the ash 
is extracted with water. The solution in both cases is- 
concentrated, when the less soluble salts (sulphates, 
etc.) separate out. The mother liquor, which contains 
the iodides, is distilled with manganese dioxide and 
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sulphuric add in quantity just insntiloicnt to liberate 
all Uie iodine. All iodides treated in this way give 
up their iodine, 2KI + MnO. + SHaBO^ = 2KHSO4 
•+ MuBO^ + 2HjO 4* I,. Iodine is purified by 
subliming. Pure iodine is obtained by dissolving 
sublimed iodine in potassium iodide solution, pre> 
dpitating it by water, distilling in steam, drying 
over calcium nitrate, and redistilling over barium 
^zide. 

Iodine Absorption or Iodine Value CCh^n.) 
Unsaturated fatty acids have tltc property of uniting 
directly with iodine : so also have their glycerides 
(fats). The amount of iodine whicli combiaes with 
100 parts of the fatty acid or fat is called the iodine 
absorption or iodine value of the fat. Tim acid or 
fht is weighed and dissolved in chloroform and an 
•excess of Hubl’s reagent added, the amount added 
being known. Hilbl’s reagent is made by dissolving 
25 grams of iodine in 500 cc. of 95 per cent, alcohol 
.and 30 grams of mercuric chloride in a like amount 
^f the same alcohol, and mixing the two solutions. 
The excess of iodine is found by titration with a 
standard solution of sodium thiosulpliate : 100 parts 
-of oleic acid require 90 parts of iodine, and 100 parts 
of olein require 86-2 parts; thu.s if the only iin- 
•aaturated acid or fat present wore oleic acid or olein, . 
its amount is readily found. The iodine value of a I 
fat can always be found ; but if the fat is a mixture 
of glycerides of unsaturated fatty acids, the amount 
of each constituent can only be calculated in simple 
•cases. The proce.ss is useful in estimating the 
amount of olein in butter, as olein is the only un- 
saturated fat present in butter. 

Iodine Ventoxide ^Clievi.), A white solid 

obtained by heating iodic acid at 200® ; at iiOO® it 
decomposes into io<iiDO and oxygen. It dissolves in 
water, forming iodic acid. 

lodobenzene, C5H5I {^Phenyliodide). A colourless 
liquid: boils at 188®. Obtained by heating benzene, 
iomne, and iodic acid togeth(;r at 2fKf. The iodic 
acid converts the hydriodic acid liberated by the 
action of the iodine into iodine again : 

6C,H. + 41 + HIO, 5CJI,I + 3H2O. 

Also it Is prepared by diazotising aniline with 
hydrccbloric acid and .sodium nitrite {see DiAzo 
■Compounds), and adding strong potassium iodide 
solution and warming. lodobenzene unites with dry 
chlorine in chloroform solution, forming a dichloride 
— a yellow crystalline solid, ( in which iodine 

is trimalent. The iodobenzene ("lichloride, when 
treated with caustic soda solution, is converted into 
lODQSOBSNZBNB, 

C,HjlCl, + 2NaOH = C.HJO + 2KC1 + H^O, 
wMob explodes about 2C0®, and liberates iodine from 
41 nolntion of potassium iodide acidified with acetic 
itdd. It also acts as a base, forming salts which may 

be regarded as derived from ^9^ iodoso- 

vOnccH 

benzene acetate, ^6^6^^000 Ch’‘ iodosoben- 

xene is heated alone, or heated in steam, or preferably 
oxidised with hypochlorous acid, iodoxybenzene, 
48 obtained : it forms colourless crystals 
which explode at about 230®. When a mixture of 
iodosobenzene and iodoxybenzene is shaken with 
moist silver oxide, a solution of Diphenyuodonium 
HtpbOXIDE is obtained : 

CgHglO + CjH^lOs + AgOH « (CgH5>^OH + AglO,, 
This substance behaves like a strong base, and forms 


salts with acids. Thus the chloride, bromide, iodide, 
nitrate, carbonate, etc., are known. The iodide 
(C-Hj)^ . I is polymeric with iodobenzene. Tiie 
iodoniiim compounds may be regarded as derivatives 
of the unknown compound IH*OH, which is called 
iodoninm. 

Iodoform ( Chem.\ CHI^. Shining yellow scales ; 
molts at I2(f; characteristic odour; insoluble in 
water ; soluble in alcohol, other, chloroform ; used as 
ail antiseptic and disinfectant for sores and wounds, 
its action being probably due to liberation of iodine, 
as the unchanged substance docs not appear to be an 
antiseptic. Hydriodic acid converts it into methylene 
iodide, CIII3 + HI - The zinc-coi^per 

couple reduces it to acetylene,* as does also finely 
divided silver. It can be distilled in steam. It is 
obtained by warming alcohol with a solution of 
sodium carl^nutc to about 8(1^, and gradually adding 
iodine ; when cool, the clear liquid is separated from 
the precipitated iodoform, and as it contains sodium 
iodide, more alcohol and carbonate are added and 
chlorine pa.sscd in to liiierate the iodine, when a 
farther quantity of iodoform is obtained. It is also 
obtained electrolytioally : the positive pole of a 
battery dips into a solution of sodium carbonate, 
X>otassium iodide, and aleoliol. contained in a porous 
cell, and the negative jiole into a solution of caustic 
soda, which surrounds the })orous cell. Many other 
substances besides alcohol give ioiloform when 
warmed with sodium carbonate solution and iodine, 
e,{f. the higher homologucs of alcohol (normal 
alcohols), also aldehyde and its lioinologwes, acetone, 
etc. The production of iodoform from alcohol serves 
as a delicate lest for tiie latter, of ooursti only in the 
absence of tljc other substances named. 

oi^rr 

lodol or Tetraiodopyrpole { > NH. 

0T=«CI 

Brownish yellow i)risn\s ; melts at 140®, with decom- 
po.Hition ; no smell ; insoluble in ivater ; soluble in 
hot alcohol; soluble in other; prepared by the 
a«;tion of iodine on pyrrole j'ndcrably in 

presence of an alkali. It is used as an antiseptic 
in place of iodoform, as H has no smell ; its action 
is the same. 

lodonium Compoimdz (Chem.) Iodobbn- 

ZENE. 

Iodosobenzene See Iodobenzene. 

loiite (Min.) Silicate of aluminium, magnesium, 
and iron, ligO . 4(Mg . FeO) . 4Al.jO, . lOSiO^. Silica 
=:49’4, alumina** 33*9, magnesia = 8*8, ferrous oxides 
7*9 per cent. Orthorhombic, in blue cry.stals, often 
dichroic (whence the synonym Dichboite). More 
easily fused than Quartz, softer than Sapphire. It 
is used as a gem under the name Saphir d’eau. 
From Norway, France, Irelaml, Bavaria, etc. 

Ion {Elect.') A term introduced V>y Faraday to 
denote the current carriers in electrolysis. Ions 
include Anionh and Cations, which appear at the 
anode and cathode resi)cctively. The term has since 
come to signify a portion of ordinary matter as.so- 
ciated with a definite electric charge, either positive 
or negative ; for instance, a solution of common 
salt in water probably consists partly of unaltered 
molecules and partly of free sodium and chlorine 
atoms, carrying positive and negative charges respec- 
tively. These latter are the ions, and their number 
increases with the dilation. Their presence coniEers 
conductivity on the solution, and if the dissolved 
substance does not ionise, it will not conduct. Every 
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monad atom in electrolyeiB appears to cany exactly 
the same oharge, and every dtrad atom twice that 
charge, and so on. Whilst in this state the ordinary 
ohemic^ properties of the substance are in abeyance, 
only becoming apparent when the charge is removed. 
8(s 6 aUo Ionisation ; Ions, Vblooity of ; a/nd Ions, 
Miobation. of. 


Ionian See Modes. 

lonie Order ^Arohiteot.) This order was adopted 
by the Greck.s in 
Ionia during the ^ ■ 

fifth century b.c. ^ ' 

It is less sturdy, V . 

less severe, and n i 

treated with 
greater freedom 
than the Doric. 

For description 
ftee A BO HIT EC- 

tube,Obdebs of. 

Ionic Yelocity 

{JSleH.) iSf'f'IoNS, 

Velocity of. 

Ionisation 

(Elfiof.) The 
dissociation of a 
compound body 
into ions — that is, 
into atoms or 
molecular groups 
carrying definite 
electric charges. 

The phenomena 
are mo.st. striking 
in the case of 
eleotrolysi.s, and 
the great value of 
water as a solvent 
for electrolytes 

appears t.o dej^end upon its power of facilitating 
ionisation. Although gase.s are among the be.st of 
non-conductors at ordinary pressures, they may be 
ionised, an<l will then conduct more or less. This 
may lx* done in various ways, amougst others by 
ultra-violot light, by lidntgeii rays, or by the radia- 
tions from radium and other radio-active substances. 
Sec also Ion. 
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Ionisation Coefficient (IsHeH.) The fraction of 
the total number of dissolved molecules which exist 
in the conditkm of ions. Thus if N bt? the total 
number of molccmltis of the dissolved substance 
present in the solution, and n the number disso- 
ciated or broken up into ions, the ionisation co- 
efficient is ^ . This quantity is also termed the 
Dissociation Coefficient, 


lonone ( ( . ) See Terpenks, 


Ions, Migration of ^Elevt,') During electrolysis 
the strength of a solution does not remain uniform, 
but becomes greater near one electrode than at the 
other. This is still the case when all allowance is 
made fur the influence of secondary reactions, and 
the observed fact first suggested the idea that 
different ions travel with different velocities under 
the some potential difference. See also Ion, Ioni- 
sation, etc . 

— > Yeloeity of {ISleci.') The cbar{i^ ions of 
an electrolyte during electrolysis move in opposite 
directions towards the electrodes with velocities 


which depend mxm the natnre of the ion and upon* 
the difference of potential per unit len^ii, Bydregen 
ions move the fastest, at the rate of about o^ri- 
metres per sewnd, under a F.D. of I volt per oentimatre. 
These velocities may be calculated by measurixs the 
change of concentration at the electrodes and alsn 
the electric conductivity. In some cases the motion 
may be made visible, and the direct measurements ' 
thus obtained agree very well with the calculated 
values. 

Ipecaonanha. The roots of this Brasilian plant, 
Uragoga ipcccusuanha (order, Ilub\aoeee\ famish the 
ringed Ipecacoanha, while the striated variety is the 
produce of a closely allied genus. 

Ipomosa {Botany). A genus of the order Caa- 
volmdacice^ consisting of climbing plants chiefly. 
Tlie sweet potato is the tuberous root of Z batataSf 
and the swollen roots of I.pttrga yield Jalap. 

Iridinm (Min.) This rare metal occurs native in 
cubic crystals, or more often in silvery grains. It 
also occurs in the alloy Iridosmine with osmium. 
Its hardness is 6 — 7, and its specific g^vity about 
22*7. Found chiefly in the Urals. 

— , Ir. (Chem.) Atomic weight, 193. A shining 
white metal; next to osmium, the heaviest known 
element ; melts at over 2,(X»0° — that is, higher than 
platinum, and the oxybydrogen flame only melts it 
with difficulty. In fine state of division it is dis- 
solved by aqua regia, but not after it has been 
melte^. It occurs naturally along with platinum. 
After the platinum has been removed from the or© 
by aqua regia there remains a shining scaly residue 
which consists of an alloy known as OSMlBioilTM. 
This alloy consists chiefly of iridium and osmium,, 
with small amounts of the other platinum metals and 
iron or copper. This alloy is heated with common 
salt in a stream of moist chlorine, when most of the 
osmium volatilises, and the iridium and other metals^ 
ft>rm soluble double chlorides with the salt. The 
Boliiiion of these i§ treated while boiling with sulphur- 
etted hycirogen ; the other metals are precipitated as 
sulphides first, and the gas is stopped as soon as 
the orange yellow iridium sulphide begins to appear. 
The liquid is filtered, evaporated, and the double 
chloride 6NaCl . TrCl^24H20 recry.stallised. This is 
converted into the ammonium salt, which is les.s 
soluble, and on heating yields finely divided iridium. 
It can be made coherent by heating to whiteness aud 
pressing. Uses : 'J’be standard metre is an alloy of 
10 per cent, iridium and 90 per cent, platinum. 
Vessels of platinum with 25 to 30 per cent, of iridium 
are not attacked by aqua regia. It is also used in 
making iridium pointed pens. Its salts resemble 
those of platinum to some extent, and are un- 
important. 

Iridosmine {Min.) See Iridium (Min.) 

Iris (Bofafig). A genus of the order Indacem 
known as “ Flags.*’ The violet scented rhizomes of 
ItU JloreiUina (Orris root) are used in perfumery. 

(ZooL) The coloured portion of the eve, 

formed by a continuation of the choroid coat to form 
a circular curtain to the front of the eye. T1 m> 
opening in the centre (the pupil) becomes amuUer or 
larger under the varying intensity of light. 

Iron, Fe. Atomic weight, 6G. Pure iron is a ebffc 
while metal not possessing any of the useful pro- 
perties of steel, wrought iron, or cast iron ; it melts 
about ; that is, higher than any of the useful 
forms of iron. When pure iron is heated to near ita 
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melting point and allowed to cool slowly, a remark- 
able and sadden decrease in the rate of cooling 
odcurs at a temperature of aboat 860^. Except for 
' this, the rate of cooling is very regular. This retarda- 
tion of cooling can only be due to a liberation of heat 
in the iron itself, and the only fcfusible explanation 
of such behaviour is that the iron at this point 
dhanges from one state to another. The pheno* 
menon of heat li Iteration is called rccalescence, and 
the form of iron above the point of rccalescence 
is called /3-fcrrite; that below, o- ferrite. These 
two forms of iron play an important part in the 
hardening of steel. Above the rccalcsccut point 
iron is not m^agnetic ; below tliis point iron is 
magnetic. Pure iron is easily oxidisctl in air, the 
change occurring rapidl.v at high temperatures, very 
slowly at ordinary temperatures, unless the iron is in 
a very fine state of division, when it is spontaneously 
inflammable (pyrophoric). In dry air, ferric oxide, 
Fe/)g, is formed on complete oxidation ; but in moist 
air, hydrated ferric oxide is formed, FQ.p^arllfi, where 
the limit of a? is 3. I’ure iron is readily attacked by 
acids, forming ferrous salts. The action of very strong 
nitric acid is peculiar. This acid produces a super- 
ficial change, probabl}^ oxidising the surface to Fc^O^. 
Iron which has been plunged into very strong nitric 
acid is not attacked by <iilute nitric acid, nor docs it 
precipitate copper from solutions nf <*npper salts. 1 In 
this state iron is said to be “pa.ssive.” If the surface 
of such iron be removed, as by filing, it loses its 
passivity, and again di.s8olves in dilute nitric jicid 
and precipitates copper. Other oxidising agents 
besides nitric acid, e.g. chromic acid, can produce 
passivity. Pure iron can be obtained by reducing 
the pure ferric oxide in hydrogen, when the metal is 
obtained pyrophoric at low temperatures, and non- 
pyrophoric at high temperatures ; also by electrolysis 
of a solution of ferrous sulphate. It is doubtful if 
iron occurs free on earth except in the form of meteor- 
ites. It occurs in combination in the haemoglobin of 
the blood and in the green parts of plant s. The chief 
ores of iron are, magnetite, Fe^O^; red ha?matite, 
Fe/), ; brown haematite, Fe..03, combined with 
more or less water ; spathic iron ore, FeC’C, ; clay iron- 
stone, wliich is FeCOg assuciated with clay; and 
black band ironstone, which is P'eCO., associated 
with carbonaceous matter. Iron also occurs com- 
bined with sulphur as iron pyrites, FeS.„ which is not 
used as an oie of iron, but is largely ii.sed in the 
manufacture of sulphuric acid. The foUowing is a 
brief description of the extraction of iron from its 
ores : it applies to clay ironstone or black baud iron- 
stone, and would be modified for other ores. The 
operation is carriod out in a blast furnace. Sre 
FuBNACES. Before the ore is put in the, furnace it 
is calcined ; that is, heated to tlrive off carbon dioxide 
and water, and to render it more porous, louring this 
process the iron is clianged from the forni of carbon- 
ate to that of the <;xideB Fep^ and Along 

with the ore there is also put into the furnace coke 
and limestone, tlie former serving as fuel and the 
latter as a flux, which will combine with the silica 
and aluminium oxide of the ore to form a fu.sibJe 
double silicate of calcium and aluminium which con- 
stitutes the slag. The chemical composition of the 
ore and the character of the product required deter- 
mine the proportions of coke and limestone to be 
adried to the ore, and all three are weighed out and 
introduced into the furnace at the top by means of 
the cup and cone arrangement. A blast of air heated 
to from 300 to fi00° by being drawn through chambers 
heated to redness by the waste gases of the furnace 


is blown into the furnace under a pressure of 4 to 
si lb. per square inch through a number of openings in 
the fumaoe a little above the place where the slag is 
drawn off. The changes which occur in the furnace 
are somewhat as follows: The oxygen of the air 
forms carbon monoxide with the excess of carbon 
contained in the coke, and the carbon monoxide 
reduces the oxide of iron to the metal, being con- 
verted in the process to carbon dioxide. This is tlio 
predominant change in the higher regions of the 
furnace, liOwcr down, where the temperature is 
higher, the reducing action of carbon itself plays a 
part, reducing oxide of iron to the metal, and forming 
probably carbon dioxide. But at high temperatures 
iron can take up oxygen from both oxides of <;arbon, 
reproducing iron oxide. Finally, carbon dioxide can 
combine with carbon to form carbon monoxide. 
Until the hottest part of the furnace is reached the 
result produced is the difference between the opposing 
reactions just described, the reducing reactions pre- 
ponderating. Coke and clay both contain small 
quantities of sodium and potas.Mum, and these metals, 
in the form of carbonate, are converted by nitrogen 
in presence of carbon at a high temperature into 
potassium cyanide, which is a powerful reducing 
agent. This compound is jiroduccd in the furnace, 
and reduces tlic remaining portions of iron oxide to 
the metal. TJie iron wliich now imdts dissolves 
carbon, silicon, manganese, phosphorus and sulplmr, 
the lost two being present in trac(*.s only, and sinks 
to the bottom of the furnace, wlicnce it is \\ithdrawn 
from time to .time. The lime of the limestone and 
tlie aluminium oxide of the cln}'^ unite with the silica 
forming tlu slag, which melts and lloats above the iron 
and is withdrawn at much more fiequcut intervals 
than the iron. The product of the blast fiiniiice is 
called liiOX or Cast IroK. Various grades of pig 
iron are produced, depending on the ratio of ore to 
fuel, and therol’ore on the temi>erature. Grey ciist 
iron is produced when the ratio (called tiic burden 
of the furnace) is low. white cast, iron wJien the 
burden is high. Tlie chief differences between grey 
and white cast iron arc: Grey east iron contains 
most of its carben free ; it is soiter than white cast* 
iron. On melting, it passes at once to the fluid state, 
while white cast iron beco»ces i^asty, and is never so 
fluid; also grey cast iron melts at a liigher tempera- 
ture. Grey pig iron is used for castings ; white in 
making steel: Varieties of cast iron containing much 
manganese are called spiegelciscn or ferroraan'S^ 
ganese, and are use<i in steel making. WitoutJHT IRON 
is the purest form of ustdiil iron, aiirl is usually made 
in this country from grey pig iron by a process known 
as the puddling process. Tliis process is carried out 
in a reverberatory furnace (jtec FURNACES) having a 
cast iron bottom, covcrcfl with a slag technically 
called “ bulldog *’ (it is a mixture of ferrous silicate 
and ferric oxide, obtained by roasting the slag — ** tap 
cinder” — of a previous ojieration), and the scale 
beaten out of the wrought iron when it is hammered 
under the steam hammer. The pig iron is placed in 
the furnace with slag from a previous operation. 
Fart of the impurities are burned away during the 
melting. When the iron has melted, it becomes 
covered with a layer of slag, wliich prevents further 
oxidation; it is well stirred with iron bars by the 
puddler, and the carbon is removed from the iron by 
union with ferric oxide from the furnace bed. The 
metal is now made purer, and melts at a higher 
temperature, so that it is only pasty at this stage of 
the process. It is accordingly made into ** blooms,'^ 
and removed from the furnace to the steam hammer, 
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•where the slag is beaten out of it; after this it is 
ToUed. A better quality wrought iron is produced 
by cutting this product into bars, heating them, and 
Main rolling them ; and this process may be repeated. 

Fagoting. Steel is intermediate, as to the 
amount of carbon it contains, between cast iron and 
wrought irpn, so that it can be made from a very 
pure iron by addition of carbon, or from an iron 
rich in carbon by removing some of this clement. 
The cementation process is an example of the first 
method. In this process bars of wrought iron are 
heated in contact with carbon and out of contact 
with air to about the melting ijoint of copper. The 
extent of carburisation that takes place depends 
on the time the carbon is loft in ciontjict with the 
iron; if the time is short,, the iron is only case 
hardened. Haeveyibed Steel is pr,o<Uiced by case 
hai’deiiing, and then suddenly ctjoling the metal by 
ice cold water, directed as a spray on the carburised 
surface. When the iron has been exposed tlic 
required time to the action of the carbon, the bars 
are melted to obtain a homogeneous product, and 
ibtui cast. Very higli quality steel is made in this 
way. The carbon probably enters the iron partly by 
a process of diflusion between the two solids and 
partly through the agency of carbon monoxi<le. In 
other processes for steel making a combination of t he 
two methods mentioned above is adopted, cast iron 
being deprived of all, or nearly all, its carbon, and then 
the requisite amount of carbon added to it, usually 
in the form of high carbon pig ir(»n containing 
manganese or silicon (spiegeleisen or ferrosilicon). 
Open Heauth I'bocess: A regenerative furnace 
Furnaces) is employed. If the iron to be used is 
nearly free from phosphorus, the liearth is of silica ; 
if i>hosphorus is present to an ajiprc<'ial>le amount, it 
is of caldned dohunit(3 (y.?3.) In the Kiftmens-Mabtin 
Process the ehiuge cond>ts of pig iron, scrap iron 
and steel, and iron oxide ores. The ores arc added 
gradually after the melting of the pig and scrap. 
Some of the impurities are oxidised during the 
melting, especially manganese ami silicon ; after 
malting, most of the carbon i.s removed by the iron 
oxide ores as carbon monoxide. The metal now 
■contains loi) little carbon, and the requisite amount 
of carbon is added in the form of spiegeleisem and 
ferrosilicon (cast iron rich in silicon). Low carbon 
steels are usually made in this way. The Siemens 
process differs from the above in that ore is not 
used. Bessemer I’rocess: In this process a si»ecial 
apparatus known as the Bessemer converter is used. 
The converter is an iron vessel with a lining of 
gannistcr {q.v.') ; the bottom is perforated with holes 
which open into a box supplied with a blart of 
air wdieu the converter is working, of sufficient 
pressure to keep the molten charge from entering 
the holes. The blast is suj)plied to the box by a 
pipe which communicates with one of the two 
trunnions which su]jport the converter, this trunnion 
being hoJlow, while the other is solid. The trunnions 
allow of the converter being turned through an angle 
of 18(y* for filling and emptying, and through the 
hollow trunnion the blast is supplied to the con> 
verter. Melted pig iron is brought into the converter 
while on its side, the blast is turned on, and the 
converter brought into the vertical position. Silicon 
•and manganese are first oxidised by the air blast, 
then the carbon, the latter stage being marked by 
issne of flame from tbe mouth of the converter. This 
flame is due to carbon monoxide ; and when it “ drops” 
the blast is turned off as the oxidation of carbon is 
at an end. The metal now contains too little carbon, 


and the proper quantity of spiegeleisen is .added to 
the converter. The process is now ended, and 
the charge is poured into ladles and cast. €on- ^ 
verters with gannister linings will not remove 
phosphorus from pig iron ; so that pig iron con- 
taining more than a trace of phosphorus cannot 
be used for steel making in such converters. Thomas 
and Gilchrist introduced a lining of calcined mag- 
neslan limestone in-place of gannister in the con- 
verter for the manufacture of steel from pig 
iron containing phosphorus. Their process is called 
the basic Bessemer process, because the strong non- 
volatile bases calcium oxide and magnesium oxide 
combine with the acid oxide of phosphoras to form 
pho'-phates. To prevent the lining being rapidly 
us€id up in this way, lime is added to the charge, and 
forms, with the phosphoric oxide, a slag of basic 
calcium phosphate which is a valuable manure. 
VarUtks of i/nffvl Irm: Wrought iron contains 
99*6 to 99-8 per cent, of iron; it has the highest 
melting point of all the useful forms of iron ; it is 
soft and fibrous ; strongly magnetic, but not reten- 
tive of magnetisation ; cannot be hardened or 
tempered ; is easily welded ; it is malleable and 
ductile. Steel may contain from about 0*2 per cent, 
of carbon to ]*5 per cent. Low carbon steels are 
called Mird Steel, and apj)roach wrought iron in 
properties. It melts below wrought iron ; is harder 
and less ductile ; more difficultly magnetisable, but 
once magnetised it. is retentive of its magnetism, so 
that stool is used in making permanent magnets, 
while wrought iron is used in making electromagnets. 
The carbon in steel confers upon it the unique pro- 
perty of being hardened and tempered. If steel be 
heated above the point of rccalescence of pure iron, 
and then suddenly cooled, it becomes hard, high 
c.'irbon stools becoming so hard that they will cut 
glass (glass hard). The degree of hardness c,aii be 
rctluced to any desired extent, between certain limits, 
by again hc'ating the steel to a temperature de- 
pendent on the degree of hardness required, but 
always lower than in hardening, and again cooling. 
This process is called Tempering. Steel which has 
been lieatcd to a high temperature and slowly cooled 
is said to be annealed. The chemical and micro- 
scopical examination (the latter a branch of the 
science of metallography) of steel have shown it to 
consist of various substances, which confer on it its 
cliaracteristic propert ies. The more important of these 
substances are : (1) a- and /3-Ferrite. The former 
is the same as pure iron ; the latter is a harder and 
Eon-magnctic modification of iron present in steel 
when it has been heated above the recalescent point 
of pure iron and suddenly cooled, the carbon in 
the steel hindering its transformation into 
a-ferrite. (2) Cementite, a name given to the 
carbide of iron Fej,C, which is present in high carbon 
steel. (3) Martensite, which occurs in tlio hardest 
steel and is a solution of iron carbide in iron. (4) 
Perlite, which is a mixture of a-ferritc and cementite, 
containing ()-S per cent, of carbon. Steel heated 
above the recalescent point of pure iron may be 
j-egarded as a solution of cementite in jS-ferrite. 
The changes that occur a.s the tcrapejature falls will 
depend on the rate of cooling an<l tlie amount of 
cementite present. With sufficient cementite and 
rapid cooling we shall have the hardest steel, con- 
sisting of /3-ferrite and martensite. If the cooling is 
slow the iron will revert to a-feiTite ; the soft modi- 
fication and cementite will separate out, and soft 
steel will result. Between these extremes it is dear 
many gradations can exist. In the tempering of 
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hardened steel the metal is heated to snoh a tempera- 
ture that changes in the proportions of the c!bn- 
stituents mentioned occur in the sense that /9-ferrite 
changes to a- ferrite, and oementite separates ont from 
solution. The working of steel also alters its 
structure markedly. Several other elements besides 
carbon have an important influence on the properties 
of steel. Thus manganese above a certain per- 
centage renders steel non-magngtic ; it also retards or 
prevents the conversion of to o-ferrite, and thus 
makes a hard steel. Chromium in steel confers re- 
markable properties upon it. ** The use of ohromium 
alloyed with iron in making projectiles ... is now 
general ; they contain from 1*2 to 1*5 per cent, of 
chromium, and will hold together even when they 
strike steel plates at a velocity of 2,000 ft. per second ” 
(Bobbbts- Austen). Nickel in steel confers great 
hardness upon it ; Harveyised nickel steel is employed 
in making armour plates. Cast iron has already been 
mentioned : it may contain from 2*5 to 4 per cent, of 
carbon; white oast iron even more. W. H. H. 

Iron (Min.) This element occurs native in Green- 
land in some quantity, and very sparingly in Auvergne, 
Brazil, Ireland, etc. Iron of meteoric origin has 
been found in many i.)arts of the world. Native iron 
is •cubic, is malleable and ductile, and exhibits all 
the properties of the artificially reduced metal. 
Meteoric iron usually contains admixture of other 
metals. 

Iron Cement (Eng.) A mixture of iron fllings or 
borings with a very small amount of sal-ammoniac 
(ammonium chloride). This mixture rusts and 
hardens into a solid mass, which fills up joints in 
iron piping, etc., and makes them watertight. Sf>e 
Bust Joint, 

Iron Gompoiinds (Chem.) (1) Febbous Com- 
pounds: In these iron is divalent. Ferrow oxide , 
FeO, is a black powder ; takes fire in air ; readily 
combines -with carbon dioxide; it is prepared by 
reduction of ferric oxide in hydrogen at 300°, or 
by heating ferrous oxalate out of contact with 
air. Ferrous hydroxide ^ FefOH),: A white solid; 
rapidly oxidises in air, turning first a dirty green 
colour, then reddish brown, owing to formation of 
hydmted ferric oxide; it is prepared by mixing 
air free solutions of caustic soda and ferrous sul- 
phate out of air. Ferrous chloride^ FeClg.* Forms 
white crystalline scales when anhydrous, green 
crystals containing r»n.p w-ben obtained by evapora- 
tion of its aqueous solution. Vapour density at low 
temperature corresponds to formula Fe^Cl^, at high 
temperature to FeClg. Heated in air it gives Fe^Oj,. 
Forms double salts with alkali chlorides, e.g. 
FeCl22NH,Cl. Dissolves nitric oxide, forming a dark 
brown solution. Anhydrous salt, obtained by passing 
dry hydrogen chloride over heated iron ; crystallised 
aalt, obtained by dissolving iron or ferrous sulphide 
in hydrochloric acid, and crystallising the solution. 
Ferrous sulphate^ FeKO^ : A white s(jlid ol)tained by 
heating the cryBtalIi.sed salt carefully till all water of 
crystallisation is expelled. Ordinarily met with as 
green crystals, FeH0^7H-0, which are called green 
vUriol or coppercbs ; in this form it is isodimorphous 
with magnesium sulphate. Its solution oxidises on 
exposure to air, forming hydrated ferric oxide and 
ferric sulphate ; it rllssolves nitric oxide, forming a 
dark brown solution, a property made use of in 
testing for nitrates. It forms double salts with 
alkaline sulphates, e.g. ferrous ammonium sulphate, 
Fe80^(NH^)2S0<6H20, which is more stable in air 
than &trrQus sulphate, and is therefore used in 


standardising solutions of potassium permanganate 
and dichromate for use in volumetric analysis. 
Ferrous sulphate is used as a reducing agent, 
it reduces gold from a solution of gold chlmde. ft 
was formerly used in making Nordhausen snlphurio 
acid by partial roasting and subsequent disrillation. 

It may be obtained by dissolving iron or ferrous 
sulphide in dilute sulphuric acid, and crystallising 
the solution. On the large scale iron pyrites, FeS^ 
arc exposed to air, and moistened with water ; rapid 
oxidation occurs, and from the mass ferrous sulphate 
can be obtaint?d by extraction with water and 
crystallising the solution. Ferrous sulphate is 
largely used in making ink. Ferrom iodide^ Fel,: 
Obtained by beating finely divided iron in iodine 
vapour out of air ; is remarkable as being a dark red 
brown crystalline* solid, other ferrous salts ben^ 
white. (2) FETmic Compounds : In these iron is 
trivalent. Ferriv oxide^ Ke.,0,: A reddish brown 
powder; only soluble in acids with dilficulty, after 
it has been strongly heated ; insoluble in water ; 
easily reduced to the metal by heating in hydrogen 
or .wirbon monoxiile ; les.-» easily by healing with 
carbon. It is obtained by heating the hydroxide < 
and many salts of iron in air. When obtained by 
heating ferrous sulphate it is used for polishing 
purposes under the name of jewellers* rouge. Jt is 
a common ore of iron (q.v.) F&rrio hydroxide,. 
Fc(OlI)^ : Obtained as a slimy dark brown precipitate ^ 
when ammonia is added to a solution of ferric 
chloride in the cold ; on warming, the precipitate 
becomes granular. When heated it forms ferric 
oxide. It dissolves in ferric chloride solution, and 
on submitting this product to dialysis (q.v.\ it is- 
obtained in a soluble colloidal form. This solution is 
used in medicine under the name of dialysed iron ; 
it does not show tlic ordinary reactions of iron, and 
it is precipitated by addition of solutions of salts. 
Hydrated ferric oxides, containing less walor than 
ferric hydroxide, are formed when iron rusts in moist 
air. It has tlie property of fixing eoh»uring matters 
on fabrics fcolton, linen, etc.), and on this account . 
many ferric salts which are hydrolysed by wajer, 
such as the nitrate, acetate, and sulphate, are used 
as mordants ; e.ff. Fe(NOj)„ -h lilljO = Fe(OH), -h 
:iHNOy. Hydrated oiiidefe of iron are impirtant ores 
of iron (q v.) Ferric chloride, FeCl, : Is a red brown 
solid wiili a green lustre when anhydrous; this form 
is obtained by heating iron in & rapid stream of 
cblorine. When obtained by evaporating its aqqemm 
solution to the solidifying point, it forms brownish 
yellow crystals of tlie composition FcCljflHjO. A 
solution of ferric chloridij can bo prepared by dis- 
solving iron in hydrochloric acid, and passing cblorine 
into the solution, or oxidising the solution with 
nitric acid, GFeOL -i- GHt.’l + 2IINO, =* GFeCl, + 
2NO + 4nj,(); also by dissolving ferric hydroxide in 
hydrochloric acid. Anhydrous ferric chloride boils at 
about 280°, and its vapour density corresponds to the 
formula Fe^Cl, just above its boiling point ; at 
higher temperatures to FeOl,. It is soluble in, 
alcohol ; it is used in organic chemistry as a 
“Mogen carrier,” c.g. nitrobenzene is converted 
by chlorine in presence of FeCl, into mctaohlomitro- 
benzene. The solution of ferric chloride is partly 
hydrolysed by water, completely at great dilutions, 
FeCl, + 3H,0 « Fe(OH)^ -h 3HCI ; so that it alwaya 
reacts acid to litmus. It is an oxidising agent, e.g, 
2FeCl, H,0 + H^SO, = 11,80, + 2HC1 + 2FeCi;j. 

It coagulates albumin, Solurions of ferric chloride 
in water and in alcohol are used in medicine, y 
Ferric sfulpheUe, Fe,(SO^), : A pale yellowish whifte- 
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Holid which dissolves in water plent if but slowly. 
It raay be prepared by adding sulphuric acid to 
ferrous sulpFiato, and oxidishig with nitric acldt 
GFeSO, + MHgSO, + « 3Fe./804)3 + 2X0 + 

41T..0. It fonns alums willi the alkali sulphates, e,g, 
K2804Fe./H0^)321R/>. F<^rric avatato, BV(C,,IT/k)3 : 
Forms a deep red uncrystal Usable solution, whiJi 
forms an insoluble basic acetate, Fe(01I)./CjjII.,02), 
on heating. Use is made of this property in analysis 
to sepju-ato iron from other motals. (:>) Otheii 
Compounds op Ikon : Fvrroitojerric oxhif, Fc/), : 
Also called magnoticj oxi<lo of iron. Occurs naturally, 
and is an important ore of iron (<'/■?'•) Obtained as a 
dark brown solid by passing steam over heated iron. 
As its name implies, it is inagnotic. It is formed as 
a thill layer on iron in UariFs process (-/.r.) Cbomi- 
oally it behavos as if it were a compound of ferrous 
and ferric oxides, Fo., 0 , “ FeOjjFe/).,. SvJjjhidc^ of 
iron; Ferrous Fiil]diide, FeS, i.s ol’tained as a dark 
grey solid on hcdting iron and Milplair tcgetlun* : 
also as a black ])rccipitate wlicn ammoTiium sulphide 
is added to a soluble iron salt. It is this com]*oiind 
which causes the bluokcning of tin? tc-*< tli and ffeces 
after taking iron. It n^adily di-M>lves in acids, 
forming a ferrous suit, .and cv<ilviii'jr suljdiurctted 
hydrogen. Iron disuiphUIc, FeS,,: Also called iron 
Pj'rites, or Muiidic, when it (^cc^r.■^ cry.stallbcd in 
the rcuidar .s\stoin : Marcasilc when it occurs 
crystallised in the triclinic system. lU^ated out of 
air it Iviscs a fnirt f>f snljihur ; heated in a current 
<>f air it forint sulphur <!ioxid(‘ and fc’rrLc oxide, and 
on this account u*?ed in enninuous (juantiiics for 
the nianufactinc of .suljjlun ic jicid. S'-r ahso FciiUou.s 
iSULPIT.VriJ. Frrrufox : \\ lien a mixture of linely 
divuh'd iion and pota-sium nitrate is heated, h 
takes lire, and from the pr -duct whcii cold a solu- 
tion of potassium ferrate is obtniiicd on adoin^ 
water. The formula of the .sail is K.FeO,. Caustic 
]) )tnsh ]>rci'ipit.itt‘s it from llicc •nccntratcd solutiotj. 
it is black, and foiins rctl soluli ius; oidy stable 
when very concentralc.l, //mc rarfotuhl : Abrov\n:-‘h 
Ihjuifl of lh(’, jUMhitblo f(*riau\'i i’cd'O);, i 't'bV 
\olatile; slowly forimal wlun carbon niono.xide is 
passi'd over gi-nlly bc;it<’d, lincl v o’ivii h'd iton. brr 
aho I’C»T>\;^S 1 L'M IblKUOrV .VX I D K U FUKIIICYANIDU, 

and riiU.ssi.AN Uu e. W. II. 11. 

Iron, Cutting. Tiic word “ iron” is a]»plicd to the 
<?.utting pan, of tools that, have steel cutlers, such as 
plano.s. 

Irene (^Chem.) Scr Tekpenes. 

Iron Founding. Tlu' ]uoce.ss of making iron 
castings. It consists essentially of the proce.sses of 
(1) MoULDiNtJ («/.?■.) ; (,2) Fouling in the molten 
iron wdiich has usually been melted in a Cupola 
FuunACE (xro Fi'KNACEi::) ; (3) breaking up the 
mould when the caviling has cooled .sutlieiently ; and 
(4) TuiMAilNO or FETTLiNii (t/.v.) the casting, which 
is then ready to leave the foundry. 

Iron Lobbob (AV^'Cif. Fuff.') Tlvat part of the energy 
which is lost in a transfoiiner(2'.7\) or similar electro- 
magnetic ajjparatus, through tlie Foucault or eddy 
currcpts (ff.v.) and the Hystere.sis The 

amount of the former loss is uncertain, but it may 
be reduced to a very small amount by laminating the 
core, Fee Lamination. The amount of energy lust 
by hysteresis depeud.s upon the quality of the iron 
and the value of tlie magnetic induction in the iron. 
Aecording to the well known formula of Stcinmotz, 
if B be the induction, h a coefficient depending on 


the nature of the iron and the unit of mass chosen, 
then W, the work lost during each complete magnetic 
cycle, is given by the equation : 

W = A15'*« 

Iron OroB (Min,) The i)rincipal ores of iron are 
the oxides H.ematitb and Magnetite, the hydrates 
Limonite, Tukgite, G(3tuite, and the carbonates 
Chalybitb (or Hidekite), and Clay Ieonstonb 
(//.V.) See alxo luox and Ikon C’ompounds. There, 
arc many mineral b(!si<les (a.ff. Iron Pyrites) wi:i -li 
contain a large amount of iron, but owing to tht> 
pre.‘^<mce of other clcmonts (such as sulphur and 
phosphonis), which cannot be easily separate 1 from 
the metal, they are not cLissed commercially as ir sn 
ores. 

Iron Painting (Dee.) This work differs fsou 
ordinary house painlimc, bccau.se the surdicc. is 
almost non-absorl.HMit, wnile the x^rincipal obje'.;t t»f 
the paint is to ])revcnt rusting. T^ie best paint for 
iron has long been the .subject of discu.ssion among 
criLrinecrs and painlcrs. Fed lead is generally 
favoured, but oxide of iron has alsn many adhiToats. 
Probably better t!..an citlicr are the several si)ecial 
iion p.ainls niiinufact ured iVu' tlie purpose. When 
led lead is used it mixed with boiled oil, and 
quickly dries very ha7'd. The London County ( 'o^ncil 
usually specifies white load for repainting iron, hut 
this is contrary to the opinicui of those who have 
(‘.loscly studied the subject. In nqiainting iron it is 
quite essential that all traces of grease, dirt, an«i 
rust be removed before the new ]>aint is applied. A 
blow lamp or solvents are uFually employed to re- 
move the grease, while the rust" is got rid of by 
thorough scrai'ing and the use of wire brn.slsc**. 

Iron Pattern (Foundry), A pattern (<y.r.) is often 
made of iion in cases where a large number of ca.«t- 
ijig> have to be made from it. The iron pi’dtern is 
' n.'^eir a eastiuir. and is made from an original v;(^o<'!en 
I it:ittc‘ni, in which double contraction (-y.v.) has to be 
i aliovNcd fur. 

Iron Pyrites {Mhi.) Snlphidt* of iron, FeS^. Iron 
. =47, suii«hur ~ oo per (ont. Cubic, ' in ’ brassy 
yellow crystals or massive in radiating forms. It is 
haul and brittle. It was formerly used as a Mihsti- 
tute for flint in rirearius ; now chiefly used in the 
mamifai'ture of sulphuric acid, sulphate of iron, and 
alum. It ncaiiv always contaiii.s a tntce of gold, for 
wliich metal it is often inisb'ikcn, but from which it 
is at once distingui'^hed by iis hardness and brittle- 
ness. In some cases enough gold is pre.scnt to pay 
as an ore of gol-1. Pyrites is of world wide di-tri- 
butiem. Many dark clays and other coloured rocks 
owe their colour to finch’ disseminated Pyrites. 

Iron Rope. Usually termed Wire Hope (q.v.) 

Iron Stain on Linen. Soe Cellulose. 

Ironstone. A general term for Ikon Ore 

Iron Tubing (Fnff., efe.) See Turing. 

Ironwood. Sec ^VooDS. 

Irradiation (Phffs.) The name given to a ]:oculiar 
optical effect in oousequence of which very luminous 
botlies — for instance, an inc:iudesccnt lamp filament — ' 
apiiear larger than the actu;d size. It is suppo.^etl to 
imlicate that when a part of the retina is very strongly 
stimulated, the adjacent portions are also slightly 
affected, giving the scn.sation of light. 

Irrationality of Dispersion (Lights, Prisms of 
different materials umlcr exactly similar conditions 
produce spectra of different lengths. If, however, 
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the spectra be made ^ eqttal lengths, and be made to 
correspond in one part, it will found that they do 
not correspond in othpr parts, the separation of two 
given spectral lines depending upon the substance of 
tbo prism. 

^Iripgalar Pasa {Tetetihs). See ENTKBiNa. 

Irregular Reflection Boflcction which 

occurs at other than polished surfaces. Such surfaces 
are fiquivalcnt to myi-iads of small mirrors set at all 
"angles, and their olicct is to scatter the ligl»t in all 
dircAstions. A typical instance is white unglazed 
paper. PJven the smoothest surf.acc is to some extent 
rough, and in consequence iliffuscs some light. 

Irreversible Cycles (ZV^ ?/.<?.) Whm the pressure, 
volume, and temperature of a substance are altered 
in such a way that after a series of cliangt'S the sub- 
stance returns to its original state, it is sai<l to pass 
through a “cycle’* of operations, and when tlie. 
series of changes can only take place in one way the 
cycle is said to be “ invveusible." For instance, if 
the substance during t!ie c\cle. comes into contact 
vvith another body at a higher temporatarc tli.an its 
own, then the ojieralion is irreversible, for if it be 
attempted to perform llie cycle the reverse way. at 
thii^ pfirticular point it is necessary that heat should 
]>a«s from the cold suh^tariee to the hot body, w'hicli 
will* not hai'pen. [‘raetical changes are almost 
inevitabljr irvevei.sible. lY, liKVEUSiiiLE ('ycLiifi. 

Irpigation (CiHI The artificial supply of 

water tor agricultund ^mip.oses. U^-aially elh^cied by 
oi»c*u channels on the surface of tltc land, and not l»> 
pipes or conduits. 

(Sefeapt‘). The distribution of sewage over a 

larii’C surface of onhnaiy agricultural eround, 1 aving 
in view amaximujii growth of vegeiation (consiMcni 
w’lrh due purification) for the arnouni of sewage sup- 
pi i»-d. The soil shiuild be porous, as it is essential 
the sewage should not tmly jun over but througlj 
the ttil before pa«siiig out as an ellluent. On ntJ 
iu crage one acre of land isreijuiiedtor e\crr hundred 
persons. 
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Isatin Yellowish red 

p^■^rns; melts at 201®; soluble in water and in alcohr.h 
It dissolves in caustic soda solution with a violet 
cohmr; but on standing, the Mention turns _\elhov. 
owing to tin-, formntjnirof the sotliurn salt of isatinie 

acid, C„II^ Its chemical behaviour is 

^lafc of a ketone but with idiosj»ho!us pen- 

tachloride it gives i>atin eohnide. 

The latUjr compound r^;duced to iufligo by zinc 
dost. It was (irsl oljt.dned by oxidation of iiMligo 
with nitric acid, lu soinci of it-, pactions (cjj. 
formation of .salts with alkalis) isatin behaves 

according to the tautomeric form 
whi 'li is called Pseudoisattx. 

Isatifl TinctorJa (^Hotany), The Woad I'lant 
belongfN to the order- and \ields a dye bj' 
feruientatic»n of the leaves. The dye is now super- 
seded by indigo. 

Ischium (Zoohigy'). The posterior bone of the hip 
girdle. 

IsentFopic Lines C Lines or curves of con- 
stant entropy. Frequently used as another name for 
Adiabatic Lines, but the two are only synonymous 
in tbetficse of reversible changes. 


IslnglaBB. A refined form. of geMine obtained 
from lish membranes, especially the kturgeon. 
AccipiiNSEii md aaiATiNB. 

■t, ^ 

IsinfllasB Gold Size (Dec.) MadC^from Ruasiau 
isinghi.sa. It is dissolved in water moans of lieat, 
and afterwards added to .spirits of wine, and then 
strained or filtered. It is used for gifcng on glass, 

Isis Headed Capital (ArcJiiteet.) See Hathob 
lIcADED Capital. 

Iso- (Chem.) A prefix used in chemical uomen- 
cluturo to indicate that the compound or group of# 
couq»onncls whose name or names begin with the 
pi (fix arc isomeric (jaev LsowERlSM) with the com- 
pound or gioup of coinpouruls having the same name, 
minus the prefix “ iso.” Kxaniplcs ; 

CH, CH, 

I I 

CH, CHOn 


CH.OTI 

Proi.yl A]t*f>hol. 


Jaoproprl Alcohol. 


Another cxauqde is afforded by miithyl C5’anide, 
(hlarN, and metlnl i^o('\^lni(^e, CligNC. 

Isobap Isobaric Line (Melroeol.) A lino (or 
surface) in tlie air, at all pem.t.s (*f which the baro- 
metric pressure has tlie sami‘ value. 


Isobapometric Charts Q!rtt orol^ Charts on 
w'hii:h are drawn il roi.g i regions having .simul- 
taueou^iy t’ne saiu«‘ reailiiigs of the baroiueu r. 

Isobars il^hys.) Lines or nirws .showing the 
rcd;<Ti..n betwe(ui tlui vi.luiue .and leinpeTat urc of a 
bodv V hen its j ivsMinj is ctin.-tant. Alsu knovvii as 
ISOPJLSTK? 1 

Isohilateral Leaf ( Z/u/z; /(//). The ten ri j.pjilied to 
• a t; j-e of It af wheu; Uuj blade is veituial, c.g. Jlibs. 


j Isochciinals (Mcf(i>rr/.) J.in(‘s <Irawu on a map 
j thi .ugl. u-git.ijs \\ lihM liave ‘ ([iial winter lompt'riilures. 

I Isochromatic Curve \JY.yit.) A urm us(*d lr> 

j dtMiutc a line along wj\h;1i tee colour is uiuLirm in tl.o 
I (Mso of thu o( 1 iir p’ cm-ineiui displaved by crystalt* in 
I c(jnvcrg('nt poiaris(‘d iig!)*". 


I Isochromatic Photography. Another name for 
j OuTirorniyoi.vTK.; l'HuTo(.;uAriiY C/.r.) See aUo 

: rJIOTOUKATllV. 


I IhOQhroni^m i^Vaiches find Clork'i). The perform- 
; a nee of uivuiual iirvs t>f vibration in equal iut ennuis 
I u: lime. 

Isochronous (7 //A'.) Having equal times. Apijlied 
tonr.il 'im moii.iu, (u* more correctly to twu or more 
(’iff'T(nt inoti<ins wliicli c'ccur in tlni; same lime, 
r.f/. two pondulums wiiieh .swing exactly in time with 
each (itlier. 

Isoclinic Lines {Phy^,. ^h‘i carol.) Lines connect^ 
inir ilicisc ]/;jrts of lmj luirth’s surfatje at which the 
magnetic iiiclinnrioii or dq> i.- the same. 

Isocyanides (Chnu.) Aho railed Caebylamines, 
Caki5AM1nj;s, or Jsonituilks. Compounds <.f iho 
formula li — NC, wlierc; U stands for an alcohol 
radical. TIkjv nre isomeric with the organic cyauidts 
or nitriles winch have the formula li— CN. 'I^iey 
are (iistinguished from the latter by having a dis- 
agreeable smell, lower boiling points, and by their 
reactions. They are obtained by heating an alkyl 




iocHde “With cyanide ; also by heating a primary 
amine ydth cliloroform and alcoholic potash : 

O^I + ^N = e,HjNG + Agj. 

C,njNHa+ C^+ 3£OH = O.H^C + 3KC1 + 3H,0. 

^ Phenyl iHooyiinide. 

The isocyani<ies are liquids, sj^aringly soluble in 
■water, readily soluble in ah‘ohol and ether ; they all 
iiave the same disagreeable smell, which produces 
nausea autl headache. When Jieated they undergo 
rearrangoJiieut into cyanides; with acids they undergo 
hydrolysis to aminos' and forjnic aci<l ; 

C^nsNC + 2H,0 = + ilOOOH. 

Their formation from and dcoomjmsition into 
primary amines proves that tlie nitrogen is attached 
to carbon. Alotliyl isocyanidu boils at C9°, ethyl 
isocyanide at 79^ »nd phenyl isocyanidc* at at 
the same time i)olyineiising. Their formation is 
used as a test for primary amines and chloroform. 

Isocyolic Ring (C/icm,') See Closed Chaik 
Compounds.. 

iBodynamic Lines (P/n/s., Mri enrol.) Lines con- 
necting those ]>;ol.s of the Kmth’s surface at which 
the total magnei i • intensity (in tlio line of dip) is (he 
same. 

Isogeothermic Lines {Phys., Mvt( ml.) Idnes 
connecting those plmvs on the K:utli's hiirfaeu at 
which the mean ttuupcraluiv of tlie soil is the same. 

Isogonic Lines Mettorol.) Lines connect- 

ing tlio'^e pans (»f (lie Kaj th s surface at whicli the 
magnolic declination is the same. 

Isohels ('-1 /cA^yo’c/.) r.incs connecting places ha\ g 
th<i same anionnT of suns'jino. 

Isohydric Solutions ( r4cw,) of sid'- 

stancos (salts, acuh, bases) b.’niiig a. couiui'Ui itm, of 
such strength tl.ai llie conccntiaJ ion (gram niolc<*iiles 
per litre) of the ion in cacli solulion is liic same. 
JSiich solutions undergo no cljangc when they arc 
mixed. 

Isohyets {Metmrid.) Lin<\s I’onnecting i»lnces 
liaviiig tile samo ainousit of rainfall. 

Isomerism. ('oni])ouii<ls comjjo-ud f>f ihc s.'imc 
element'' and haMiig ilic .same luolecular weight, 
are said to b.' i.-'cmcne. TiuTc av(‘ various kinds of 
istuneri.'sm. Wb.cn the same atom or group of atonic 
is .Mib>t.ituted at different ]ilaces in the im-locule of 
a parent compound, wc have Position Isomeuism; 
€Jj, propane yields normal and isojiropyl alcohols 
and iodides : 


CH, 

j 

cn„ rii. 

CH, 

CH, 

cu. 

1 1 

CIL (ilOH 

1 

CIl, 

CHI 

1 

1 

CH. 

j - j 

j 

CTLI 

1 

CH 3 

Nonnal Pniiyl fsojiropyl 
Alcohol. Ah’olicl. 

Noriiiiil Tvopyl 
loduiu. 

Iti b(li\ 


When different radicals are united together by 
means of a di- or pol^’valcnt clcincnt. in form com- 
pounds which fulfil the r<‘<juircnients of the aUnc 
definition of i.sonif‘ric compound.s, wc have wl at 1.^ 
called Metameuism ; c.//. tlie fi'll(A\ing <'i)icrs arc 
mctameric, also the ninincs : 



Jj^etbyljiroiiyl Dietlijl Tviniethyl- MotliyletLyl- Nornifil and 
Ether. Ether, amice. amino. ]»oi>i'oiiylaniiiii:A. 


» ^ 

When the same atoms or groups of atoms are simi" 
larly united ohemicaiiy, but have a different 
arrangement, we have what il called Stereoisomi^tiism 
or Geometrical Isomerism. This form of isomerism 
is dealt with separately. See StbbEoisome&ISH. 
The number of Isomerides derivable from one .^arXit 
compound increases very rapidly with the increase 
of complexity of the compound. While butane has' 
only two isomeric forms, CH,C’Hj,CHjCH„ and 
(CHa)a . Oil . CH3, trideeane, GjgHjg, has 802 iso- 
meridcs. Naphthalene — * 



CH CH 


ha.«i ten isomerides when two hydrogen atoms are re- 
ytl.uced by two diffcrunl nL(»ni' or groups, butnovcr 
J0,(X)0,()(.0 isomcridc,-' when eight hydrogens are re- 
lihiccd by eight difTcront groups. It mu^t not be 
infened that if two comf^ounds ;ire ia-omeric they are 
ea.«ily converted into each other, or arc even nearly 
rfdated. This m»y be hO or not. TTyflrazobenzene is 
I casiJ;\ converted into benzidine, . Nil . OiJlg 

j — > iJ^N , f . (yi^NTl,^ ; V)ut these* isomeridew arc 
I widely (liffcrcnt chemically. Propyl alcob.ol is not 
j rc.ruiily clr.>igcd to is ‘iTopj! alcohol, but both these 
i substances have CiirtaLn properties in common. The 
i mo't nameroiKS examples of isoiueri.^m are to be 
j found in organic ^chemistry; but in recent years 
numerous examples ] a\ e been discovered in inorganic 
I cliemi.stry. E.\anif)lcs arc: the sodium potassium 

.■'ulpnites, ard ; the sodium 

poia.‘:feiniu thio.'iilphntcs, andSO^^g^^} 

the chromium bromides, 

[t'r(I1.0)JI!r, nnO [cr^^]^J-jJnr2U,0. 

lUuc. Greozi. 

All J3r vreciijitzitod 4 Bi uivdiutated 

, lyAgNO,. KvApNO,. ^ 

1.VC aliOj in connection with tliis subject, TAUTO- 
MEUiSM and WwitNEB’s Theory. 

Isometric Lines {Phy^,) lines or curves showing 
Uic iv]ati< n between the pressure and tcmfierature of 
:i btiily when its volume is constant. Also known as 

IsOPLERES. 

Isomorphism ( Cki m.) literally means having the 
same foim. In chemistry it is used to indicate 
the identity of crystalline form shown by comjK»unds 
containing similar elements similarly combined 
together. The following are examples of isomor- 
phous compounds: — 'ITic alums: they have the 
general formula K.jSO,]VLXf:>C)^\24B..O ; the double 
sulphates of the gmicral formula ll.^SO^MS0^6UjO, 
when U==K, NH^, orNa, and M -- Mg, Mn^Fe, Co, ox 
Ni ; the arseniates and plu'sphates, as sodium 
arsenate, X:i.iIAs0^12H/), and sodium phosphate, 
NsUl r0^12H,^'0 ; the sulpluues and cliromates, as 
and KgOrO^. The term is also applied to the 
elements occurring in isomorphous groups; for 




ISO 


m 


JAB 


instance, aluminium, chromium, iron, and manganese 
are sometimes called isomorpbous elements because 
the alums form an isomoqjhous group. Identity of 
crystalline form is not by itself a proof of isomor- 
phism : thus potassium nitrate crystallises in the 
same form as arragonite — a form of calcium 
carbonate ; but these substances are not isomoriohous, 
for calcium and carbon are not sinular ‘elements 
to potassium and nitrogen. A good test of isomor- 
phism besides similarity of form is the formation of 
piixed crystals. Thus a crystal of c.omnion alum 
will grow in a solution of chrome alum by ha\iiig 
the latter doi^osited on it in such a way that the i 
shape of the crystal docs not alter ; or a mixerl j 
solution of these two alums will deposit crystals ; 
aontaining both alums, while their sliapc is that of , 
clnm or clirome alum. Tiie identity of crystalline 
form in isnmorphous substances i.s not perfect, the ] 
angles between corresponding faces in two isotnor- ' 
pilous .substance.s being usually .slightly different. 
The principle of isomorphism lias occasionally been I 
of use in atomic weight determiiialinns. Thus ■ 
aluminium i.s isomorpbous witli iron in a niimbei of ' 
compounds, so that if ferric oxide has tlic formula 1 
Fe^Og, the isomorplams alniuinium oxide uill ino.^t 
probably have the formula Al^O^; .so that if the 
percentage composition of tliis i»xide is known, the 
atomic weight of aluminium i^ kn<»wn. One eh incut ‘ 
may belong to more than one i^oniorplams group, j 
Manganese is isomorphoiis with iron in it>sulplKilc 1 
and in its alums ; it is i^omo^p}lOus with sulphur in ’ 
themanganates .n in 1 snl phal » s, c.f/. KjjMiiC and K >,( ; : 
it is isomorplious with <;l>lorine in tiu* pm mangaiiatt s i 
and perchlorates, e. 7 . KMnO^ Jind KOlO^. — \V TI. 11 . ! 

Isomorphism I'hc identity in form of some 

minerals of the .same gjv/uj/s. J,soiiioi’j)]'ous rMimuah" | 
can and do repla( o one .another to a c<iii^ideral»lc i 
extent; tf.y. the sulphide ot lead, is often 

partially replaced by the isoinoi jihons sulphido of 
silver, AKCiriN'TlTK, wiilumt any a]>parciit altei.ition 
in the crystal of Galena. 

Isonephs (Mrtt^arp/.) Lines coiniccting places 
having the same aiin-unt of cloiidim ss. 

Isonitriles w.) Xct* Isocyamjjijs. 

Isonitroso Compounds {O/rm.) Xitroso 

C0M1>()UN1JS. 

Isopiestic Lines MvtroroJ,) See I.sobak.s. 

Isopleres (Phys.) See ISOAIKTUIC Links. 

Isoquinolinc (Chein.^ 





A colourless crj'stalline solid ; melts at 23’ ; boils at 
240^. Its jjroperties and behaviour are similar to 
those of quinoline iq.v.) It occurs in coal tar, and 
is obtained from this source. On oxidation it > iclds 
phtlialic acid and cinchomeronic acid. It is used in 
the preparation of the dye quinoline red, and i.s of 
importance as being the parent .substance of a number 
of alkaloids, e.q. Papaverine and Narcotine. 


Isotherals {MeteoroL') Innes drawn on a map 
through regions which have equal summer tempera- 
ture. 4 

Isothermal Change {Phys.') A change in the 
pressun* ami volume of a sub.stancc, especially a 
g:i'<, wliieli oocurft without change of temperature. 

Isothermal Charts {Meieorol.) Charts on wliich 
lines aio drawn iln ougli regions having simultaneously 
the same readings of the thermometer. 

Isothermal Line or Curve (Phys,) A curve 
showing the ndahoii between the changes of pressure 
and volume of a siibslance which i.s kept at constant 
teuqH'ratiire. For a i>erfect gas the curve is a 
hyperljol.'i, and is rcprc.scntcd by iho equation PVaa a 
con. slant. 

Isotherms (.UeteornJ.) Line.s connecting jilaces 
having an tspud lemiuuature. 

Iso thiocyanates {Chem.) See Mustakd Oils. 

Isotonic Solutions (^Chem.) yolufciou.s ha\ing the 
same osmotic pjo.'iujt* (^.7’.) 

Isotropic Body (iV/ 7/ .S'.) .A body hom(»geneous in 
all direct ions ;i.'. regard.s iN i>liysiii:il properties. 

Istesso tempo, P ( .Ifoxie), Tlui .same time; init 
after an altei.'iuon t»f lime to sliow that the former 
te-miio is In lie resumed, or as warningthat there is lo 
be no cliaugi' in tin; time. 

Italian (Te,vtile Jf(i7iu/ne.) A lining fabric, 
usually with a livi' mul welt sateen weave. Highly 
poli-h»‘d in the fiiuvliing and pu*s.*.iiig. 

Italian Pink (^/>ee.) A pigment similar to Dutch 
l>inl<. (f/.r.') 

Italian Schools of Painting, Painting,, 

SCiloo] S <») 

Italic, Italics (Typoy.) Tl-o name apj^bed to a 
juimini” in Mailed about 1. ’>(>(» by AKbiaf 

.Mamiliu.-s, a Xeeetiaii piiiiter. liulict^pe or itahes 
ale em[»loW‘d in niodcni books, ete., atiracl the 
.oH'iiTion of the remU r. for emphasis, or to di'^tin- 
giiidi a w’ord or ])hrase from oihers in the same 
eoiite’-t. Tin* wonl^ in jrarenlbe'^f:''' which follow Iho 
tel Ills in tlu" work are .s -t in italics. 

Ivory (/.ool.') Tlie toothlike substance of tlie 
tu.-k-.of cicj'haiits and also the te«‘tli and tusks 
of the narwiial, ))oar, and liiii]/o])OtamiU'. 

, Artificial. A form of (Tn.LrLoiT) ((/.r.) 

often uM'd as an imitation of and .substitute for 
iv<7ry. 

Ivory Black Tlii.s is made by calcining 

W'asle eutiJMgs of ivory. It i,s of an intense blat k 
col«»ur, tomiing lowaid a bJinsh line; is not a good 
f trier, bui makes a good gla/e. Ser GLAZING. ]\luch 
.so-called i\ory i.s re.d boiiebl.ack 

Ivory, Vegetable {Jiotauy). The rijie seeds of 
trie ivoiy nut palm or (’orozo nut, Phytelcplia^ 
waeroearpn (order, Pahiue)^ a native of Central 
America. Tlie hard allMimon is much nsi'd for making 
small ai*ticle.s, wliich arc turned in the latlic. 


J (Phijs.) The symbol for Joule's Equivalent 

(Jl.r.) 

Jaborandi. A powerful .sudorillc drug derived 
from the dried leatlet-s of a Brazilian shrub, Pilo- 
car/nia jfennatifoliuTi (order, Rutavece). The alkaloid 
J’ilocarpine and its salts arc used in ophthalmia 
practice. 
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Jack. A term applied to a great variety of 
mochanieal contrivance's, often to machines wliioh 
have taken tlic place of iinman labour, e.g, the auto- 
matic machine for turning a spit in loastiug meat. 
Applied to a form of roller, winch, a wedge used in 
mining, an oscillating lever, to a spring clip forming 
the terminal in a tijlcgraph or telephone wire by 
means of which instruments can be rapidly brought 
into circuit, etc., etc. 

A vessel made of waxed leather, 

-used cither for holding liquor (.src JIlack Jack) or 
for drinking frt)m, e.g, a mug or tankard. 

(Arm.) A slecvidess tuni(3 or coat of fence, 

usually made of leather, vvoni by footmen ami 
4 ii*cbers from tlic fourtcentli to the sixleonth cont.nr\. 
Later forms iif the Jack were plated with iron. 
The Jack w^as succeeded by the HuJ-’F Coat (q-r.) 

(Enff.) A piece of mechanism, usually 

portable, used for lifting ho.avy weights througli a 
short distance; c.g. lifting a heavy vehicle so that 
its wheels aie off the ground. Jt is usually worked 
by hand, the for(i<^ being applied by Ic.vors, or b} a 
screw in a SciiEW .L\ck nr PiOTTi/i] Jack, or by a 
sin.all hydraulic ju'css in the <*ase of a IIydhaulic 
Jack. 

(Lare Muntfj'ac.) A t(‘rni used in the lacc 

trade. It has Nariou"- jneaniiig>; rg. a frame <jf 
wooil 01' iron willi projecting \Mres l-o liold bot>t>ins j 
filled with niatorjal. TIun description applies to the j 
jack used by the warj)er, and analogous to tlio ! 
term crecr’ used in the weaving trade. See also 
Jacks, 

Jacket rt(\) A general term for a citsing 

used to keep noiiie o)»jeet at a (rae'tani teinperatuie ; 
e.g. a Sti:am J ac kkt iq.v.) or a Watkk .lACKr/rtd/.r.) 

{P(fjiir Jfanojar.) A special felt cover lor 

the eoueh roll, \vliie|| .serves to r« riiove excess water 
from wet pajier duiiug jnatnil'uel ure. 

Jack Frame ( Tef/ew Sjitimimj), A fine gauge on 
the jovlug frame with (jue low of tl'er spindles onl\. 
l^sed Tor producing line rovings fur very fine spun 
yarns. 

Jacking Delivery Motion ( Coilon Sphmiog). Used 
on fine spinning mules hu” delivMaiug a short length 
of roving through draw rollers after “ jacking ’* lias 
taken place, to compensate for the contraction 
'during twisting. 

Jacking Motion ( Sjnn.uhig'). Tsed on fine 
spinning mules fer sloiipiug vie livery of roving 
througdi rollers, just bolore the earnaee reaches i he 
end of its traverse outwards, liv this means an 
extra draft is given to the s])un tliiead. 

Jacking Off (Sp'nuiintj). Tim motion in mule 
spinning fur reversing the twist or taking out the 
excessive twine in the yarn, near the top of the 
spindle, Ixd'ore, winding on tf) the latter. 

Jacking Up (f'lqh) Lifting a hcavv object by 
means of a Jack (i/.r.) 

Jack in the Box (Cotton Sq/hontug). See 1>cf- 

FEBENTIAL MoTlUX. 

Jack Off (Laoe Manufac.) To vvdiul short len.gllis 
■of thread off a number of bokdvins. and make tliom 
into one continuous length. 

Jack Plane (Cnrqf.) Tlie j»lane used for roughing 
out wood and producing an approximately true 
surface. Its length is usually from 15 to 18 in., and 
the width of the cutting iron 3 to 2^ in. EiiglisJi 
jack planes are usually made of bccch. Iron planes 


arc much used in America, and are being gradually 
introduced in England. 

Jack Rafters (Carp.) The short rafters fixed to 
the hip rafters. See liooFS. 

Jacks ( Lare Jltmu/ac.) The SelKCTOBS or IKTEB- 
CEPTOJts qsed iu the lace curtain machine. 

(Textile Mamifar.) A typo of lever in dobby 

looms in connection with the low^ering and lifting of 
the heald shafts. 

Jacobean Architecture. See Henaissance 

ARciiiTEn'i'Uitt:. 

Jacquard ((Mton Wearing). A jKittern machine 
used f»»r tJie product i(Jij of floral and other orna- 
mental designs in cloth weaving where the adoption 
v»f tapp(it or dobby would be useless. These machines 
are specially ocm.structed for different kinds of 
work, the chief makes being Single Cylindeb, 
TWM) (‘ILINJDEB, (.’ROSS LORDEB, atld TWILLING 
Jacquard. 

(Lace Manofac.) Mechanism connected to 

tlie lace machine for the purpose of producing the 
fal ui<*. ( Jacq iiards vary cooiderably in their applicii- 
rioii to the various machines u.'sed in the textile 
trades.) The form best adapted for lacc curtain 
nia<;hincs a special form of Manchester Top, 
.and for the “J.eveis’* rmieliirie a modification known 
as the “Spring Dropper” Jacquard, wherein the 
various movements of the guide bars are accom- 
plished by the aid of droppers (q.v) or w^edges. 
(treat, accurticy of movement is nltained by the latter 
mctho<l. Sec also Sii.K Weaving. 

Jade {uVin.) A compact tough silicate of mag- 
ne?iuin and calcium of variable comi)o.sition. It is 
much used i>y the Maoris for \sca]K>ns and by the 
(’liine.se in the manufacture of cups, images, rin^s, 
etc. Also called Nephrite and Axe Stone. Distin- 
guished from Jarleilo, which is a .'-odium aluminium 
.Mlicau*. Jade comes ehielly from China, Now 
Ze.iluiuh (’orsica, and North Aimrica. 

Jag Bolt {Aug.) A bolt roughened on the part of 
its axi:-. oi siiai’l above the serrw, iu order that it may 
Ik- held fast by the material (wood, lead, etc.) in 
wdiich it is embedded. 

Jalap {liotang). The dried rubenmlated roots of 
Jptnmea purga (onler, Conrolr.ulacCfP)^ imported 
from Mexico, arc the source of the purgative resin 
J/VLAP. 

Jaxnb (Build.) (1) The brickwork on each side 
of a fireplace. (2) The aides of a <loor or window 
opening. 

Jambe or Gamb (Ber,) The paw and part of a 
leg (d’ any animal. If extending only to the first 
joint it i.s called a Taw. 

J amb, J ambart, J ambeau ( . 1 r w/ . > A defence for 
the leg, generally made of cuir-bouilli until tiie 
fifteenth eenlury, subsequently of iron. <Sc 0 BUN- 
BKitGS, Armour, and (1 reaves. 

Jamb Lining (Carp, and Join.) The wood 
fuiisliings tliat cover the sides of window and door 
OiKUrings. 

JameBonite (J//w..) A sulph-aniimonide of lead, 
2J’bS, Sb.,S.,. It IS orthoi'liombie and usually occurs 
in very ‘fine capillary crystals. From Cornwall, 
Siberia, ]lungai*y, etc. 

Japanese Paper. Made fre^m the bark of Mimis 
pap if era sativa, used for expensive printing, and 
especially for printing proofs of engravings and 
etchings. 
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Japannein’ Gold Size Size is simply a 

weak glue water made with gelatine of vaiious 
degrees of purity, ranging from isinglass or some 
form of inferior gelatine which has been freed from 
colouring matter down to the cheapest and darkest 
glue. Gold size js so called from its use by gilders, 
and is made from very pure gelatine. Japanners use ; 
an exactly similar size. 

Japanning {D&c,) This is a species of enamelling 
Cq.v^% and, like it. is distinguished from ordinary 
varnishing by the japan being dried in hot sieves. 
Japanning, therefore, is restricted to articles of no 
great size, usually of rnetal. Japanning is done with 
a suitable varnish, and may be in any colour, but 
black is by far the commonest. Several coats of the 
varnish are applied for good work, and each coat is 
dried in the stove before the next is applied. The 
beat is of course much loss than in enamelling, but 
is often as much as 1.50® C. The varnishes used are 
copals with less oil in them, but more turpentine 
than in an ordinary- copal varnish. Japanning gives 
a more brilliant and a more durable surface than 
any ordinary varnishing can do, but costs consider- 
ably more. Tin boxes and canisters, articles of 
ironmongery, jiaj?irr vMch.' goods, slate for maride 
imitation, and leather are often japanned. Japan is 
always rohwred -frith tinnrral on ae(;ount 

of the heat it has to stand. I’Ijc black ja))an owns 
its colour to the asphaltuin from which it is made. j 

JapetuB {Astrofi.) The most distant satellite of i 
Saturn; dKstant 2.*J(>1,00() miles. J*criod 7i^d. 7h. I 
54m. Discovered by Ca.ssini in 1571. • 

Jardiniere. A vase or stand for tlic display of j 
growing flowcTS, either inside or outside a bouse ; > 
aUo for the display of cut flowers .as a table j 
decoration. 

Jargoon (Mift.) A variety of Zircon (q^v.) of .a 
smoky colour. Used as a gern. 

Jary Leyden (Elect.) See liEYDKK 

Jarrah. See Woods. 

Jasmine or Jasminum (Botany^, A genus of 
fragrant flowered j»lants belonging to the Oleacece 
(Olive order). The flowers of J. ojfieinale and J. I 
grandiflorum yield on distillation a volatile oil used j 
in perfumery. j 

Jasper (Min.) An opaque co]ourc<l variety of j 
silica in the massive state. It really an iiiiimatc ; 
mixture of the crystalline anhydrrms silica Ouartziiie ■ 
and the amorphous hydrated silica Opal, togctl.er ' 
with other iiDpuritic.s. Of all cnlours, chieliy red, | 
yellow, and green. Often foiinrl in veins in vulcaidc \ 
rocks, or as pebbles from the erosion of these veins. 
Of very wide distribution, 

Jatropha (Botany). A genus of the Btqfhtrr- 
hiaeenB found in tmpical countries. The seeds <>f 
several species yield by pressure oils used medi- 
cinally, for burning, and to adulterate croton oil.' 

JaTelin (Arms). A light spear used as a missih; 
by both horse and foot in the Middle Ages. It is 
still carried in this country for display, e.y. by the 
footmen attending a judge on State occasions. 

Jaw (Eng., etc,) The part of a vice, clamp, clinck, 
etc., which actually comes in contact with the x>iccc 
of work to be held. 

Jazerant (Arm,) Light armour composed of 
OFverlapping pieces of steel fastened by one edge to 
some fabric. Used in the fourteenth and fifteenth 
centuries in place of heavy chain or plate armour. 


Jemmy. short crowbar. 

Jerkin (Ooat) A short jacket something like a- 
doublet, worn by men in the sixteenth and seven- 
teenth centuries. H 

Jesses (Jler,) See Hawk Dells and Jesses. 

Jet* (1) A fine stream of fluid ; (2) the nozzle or 
pipe from whic.h sucdi a stream Issues, &,g, the nozzle 
from which gas issues for burning. 

(Min.) A hydrocarbon compound allied to 

Cannol Uo.il in composition. It is light, and takes 
a good polish, and lienee is used for ornamental 
purposes. Ohiefly from Whitby. 

Jet Condenser (Eng.) The device used for con- 
densing the steam in the older type of steam, 
engines. The exliaust steam e‘<c.%pes into a space 
ill which it mingles with <’.old water ijsuing from a 
jot or nozzle. The condensed steam and the water 
are rein )ved }>y a pump, often ternied an Air Pump. 
See Air Pump (Eng.) 

Jets (Ajitrmi.) Meteoric \apniirs ejected from the 
ccuna of a comet towar.is the stin, and immediately 
driven back by tlio solai repulsion. 

Jetty (Arrhiteef.) A ]>ortion of a building ex- 
tending beyond the I‘aci“ of the part htdow, as in the 
ca^'C of a projecting upper storey in a lialf-timber 
building. 

(Cir'd Eng.) A small jiior or landing stage. 

Jeux d*Anchcs (.Finnic). The French term for 
reed stops on an organ. 

Jewels. Sro I^kkcious Stoned. 

Jeyes’ Disinfectant. Sf^e Cuuosotf.. 

Jib {Entf.) I’lie projecting jiart of a ('rane from 
the <U)d of which the chain hangs diovn. Sec also 
Cranl.s. 

{Eng.., cte.) An alternate e sj*elling of 

(rin (q.r.) 

Jib Cranes (Eng.) S. e Franes. 

Jib Door (Joinrrg). A door which, when 

slmt, rosmnblcs tlie wall ii. wluch it i^ fixed, v* 

Zi^(Elicle, Manv/ac.) A.(i''vic,n for bolding parts 
of cyi’les {r.g. franiciri iR tlnir proper relative 
I»ositious whiic! they are being i;i)cratcd on by hand 
or otherwi.-^e. 

or Jigger (-Vm/wy). An appliance for sorting 

or dressing ore workr^d eitlicr by i and or by 
machiiuTV. 

or Jigger Saw {Carjf., cte.) A narrow saw 

bluing a reciprocating niotiou, aclnatcd by mechan- 
ism. Most, of Ihe work for which this saw was used 
is now' carried out by the bantl saw (q.v.) 

Jigger. A term for many mechanical contrivancos 
u.scd ill ViTrious trades ; e.g. in pottery uiaiiufaeturc, 
a vertitjul lathe upon whieli are made plates, saucers, 
illshos, and other flat and pressed wares. Sec also 
Jia. 

Jil Barrow (Eng.) A flat wheelbarrow without 
sifli s. in foundries and engineering shops. 

Job (Print.) Work which occupies less than a 
sheet. 

(Trades). (1) Any kind of odd wrork. (2) A 

small ooiitx-act. 

Jobbing Founts (Tgpog.) Types suitable for 
jobbing work (^4’.) ; generally^ of a fancy character. 
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JolAintf VachlndS (^Print,) Small platen machines, 
worked^Sther by a pedal or by power; used for 
jobbing work. 

Jobbing Work {Typog-') This includes all kinds 
of sfiiall work, such as cards, programmes, memoran- 
dums, circulars, bills, etc. 

Job’s Tears {Botany), A grass, Coiao lachryma 
(order, Gramine(s\ belonging to China and India, 
grown as a cereal in Korthern India. The hard 
“seeds" are used for ornaments, being made inlo 
necklaces, etc. 

Jogj^e ( Carp^ A’ simple joint formed by notching 
two pieces of timber at a point where they cj oss eacti 
other ; e,g, rafters may be joggled to the purlins on 
which they lie. 

(^Eng,) A small projection on a piece of 

metal work, which fits into a correspon<ling socket 
on another part for the i)urpose of checking lateral 
motion. 

Joggled Joint {Ma.9<mry). A projection formed on 
one stone to ilt into another. 

Joiner’s Cramp. A long piece of T or bar iron, 
with a movable slioe at <nie end and a s' rew joress at 
the other. Used for squeezing u]> the shoulders of 
tenons in doom, etc. 

Joinery* The branch of wood wr)rkirg which 
deals witli the more finished and oriiaiucntal parts of 
a building, such as doorf>, ^Yin<^^\vs, Rtaircasc.s, 
internal tittiiigs and fixtuios ; also certain classes of 
furniture and many articles (jon^'lnicuul in a well 
finished style. Cf. Cabin ktmakinu and Cau- 
PKNTIIY. 

Joint {Bhul,) Tiie j>art of the cover where it 
joins the ba<*k of the book on the inside, and where 
a kind of hinge i.s fonncrl. In whole-bound );ooks 
the joints are generally f(*rm(;d of the ‘'Ume mateiial 
(pared down) as the cover; in lialf-buuml bonks the 
joints arc soinetimes coviTcd wiili ebah if the book 
IS likely to be much used. In other oases the joints 
are simply covered o\er with the end papt'rs, which 
are pasted well flown into the joints. 

-{Elfct. Eng.) The main o-entials of a good 

electrical joint are three : (1 ) Elect nc.al conductivity. 
(2) Mechanical strength and diirabihty, (;i) Facility 
for in.sulation. A joint may he soldeicd, br:izcd, or 
welded, or may be “flry," l.r, the two parts of the 
conductor are brought into close niet.nllic contact 
and kept fn position by twisting, hipping with wire, 
by a elamp, etc. 

Jointing {Carp, and JoUu n/). (1) The making of 
various joints. Tenon, I Dovetail, ofo. (2) The 
truing up of large members of a structure in which 
considerable accuracy is requireiL 

{Eng.) Apjdied to a great variety of 

operations, such as the connecting together of lengths 
of juping. In foundry work jointing means the 
formation of suitable surfai^es on two parts of a 
mould which have to be separated wdmn the ])at.tern 
is withdrawn; such surfaces are usually faced with 
fine sand. 

or Jointer Plane {Joinory), The largest 

form of plane, rosombling a jack or trying plane in 
form, blit 2H or 80 in. long. U^cd in truing up large 
liieoes of timber. 

Joints {Carp, and Joinery), Eee PoVETATL, 
Halvino, I»ap Joint, Moutice and Tenon, eic. 

F. {Geol.) Pivisional iplanes of secondary origin, 

formed in various rocks at or near thp time of their 


consolidation. Joints usually ocefir in two or more 
transverse sets, which cut across the bedding planes, 
of the rocks in such a manner as to divide w&m np 
into masses with some approach to geometrical regu- 
larity. They are spaced at about equid distances apart» 
and the rock affected does not usually tend to split be* 
tw6cn them in directions parallel to the joints. This 
feature distinguishes joints from cleavage. Sxcept 
in the case of strata of vciy uniform lithological 
character, joints tend to a “ bonded ” arrangement, 
like that of masonry or brickwork. The joints formed 
in rocks which have cooled from a state of fusion 
generally traverse them in such a manner as to divide 
the eruptive rock into polygonal prisms, whose axes 
are perpendicular to the surface of cooling. 

Joists (Eng., Build,, etc,) A general team for 
beams and girders, especially the horizontal beams 
which carry the floors in a building. See aUo 
Flooks and Roofs. 

Jolley {Pot,) A machine used in the manufac- 
ture by machinery of cups, jugs, and hollow ware 
generally. 

Joule (Phys,) A unit of work equal to ten 
million (lO*^) ergs. It is occiasionfilly used in electri- 
cal calculations ; but the unit of Poweh, which is one 
joule per second, is more frequently required. This 
unit of pow'er is termed the Watt (jf.r.) 

Joule’s Equivalent, J. (Ilrat), The amount of 
mechanical work wldch can be obtained from. one 
unit of heat if entirely converted into work ; also 
termed the Mechanical Equivalent op Beat. 
The value of this equivalent has been the subject of 
many experiments since those of Joule; it is found 
that one calorie is equivalent to 4 '189 x 10’ ergs, or 
that the heat I’cquirod to raise 1 Tb. of water through 
I® Fahnuihcit i.s equivalent i o 778 foot pounds. 

Joule’s Law {Elect,) The heat produced by a 
enrreni in a conductor is proportional to the lime 
during wdiich it Hows, the resistance of the conductor, 
and to the stjuare of the strength of the current. If 
C be the strength (►! the current in amperes, t the 
time in seconds, R the re.sistance of the conductor in 
ohms, and IT the amount of heat produced in calories, 
then H =. C-Rf x 

Journal {Eng.) The part of a shaft which is 
actually in contact with the bearings. It must be 
truly cylindrical, and it is often of smaUer diameter 
tlian the rest of the sliaft. 

Journeyman. «A qualified mechanic or workman. 

{(IrOchs), See INDICATOR DIALS. 

Joy’s Yalve Gear {Eng.) A set of levers forming 
what is termed Radial Gear, sometimes used insto.ad 
of eccentrics to actuate the slide valves cf a 
locomotiN 0 . The levers aro driven by a link attached 
to the connect ing rod. 

Jube {Architect,) The rood loft over the screen 
which separates the chancel from the nave. So 
named from the fact that the priest pronounced the 
woids J?/he dtminc hcnedicerc from the rood loft j re- 
vious to reading the lessons. See Rood Screen. 

Judge {Mining), A measuring rod or staff used in 
mines. 

Juglandaceaa {Botany), An onler of Dicotyle- 
dons belonging to nortli temperate and tropical 
Asia. The Walnut {JvgJans regia) is the biest 
known genus, and is valued not only for its fruit, 
but also for its wood and an oil expressed from the 
seeds. 
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Jujione {Chenu^ 
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(ri-osy-a-naphthoquinone). Garnet red ncocUcs 
G'roni alcohol) ; melts with doct>m|)Osition at loir. 
^olul)le in chloroform, less soluble in alcohol. The 
powcltT causes sneexing. Tt is obtained from walnut 
shells. On rciluction jt givoh a-hyclrojnglono, 


HC COH 



COH COH 


which forms colourless plules. melts at ]iU)° is 
sparingly S(d;ibJc in water, readily' in aleoJiol and 
etlier; its solution is oxidiMjd (m standing in air 
to jnglono. a-FTydrojuglone is poisomms. On dis- 
ti-hiti 111 it is changed to the homeric /:#-Ii>drojuglone, 
'Ihe hydro] nglones oc*-ur in uniipe w.'dimt shells. 

Julian Calendar {AHrtm.) The calendar as 
revise I by Julius Oai'-ar, B.c. 45. It is still, with 
trilling modification, used hy all civilLscd nations 

Julian Period (Asfron.') The Julian pt'riod con- 
sists c»f 7/J8<> Julian year'', each coniaining exactly 
days. Its staining point or epoch is 
Juiiunry 47KJ B.c. 

Jumper {JJininr;). A form of hand 'drill shaped 
like a straight ciowbar. Jt has a chi>el-like cutting 
edge, and cuts a hole by a simiJe rising and falling 
motion. The blow may be intensified by striking the 
bea'l of the tool with a hariimcr. 

or Through Stone iJiuiU.') -SVr Thijough 

.Stox”, 

Jumping Up (7d>7v/c). Thickening tlie end of an | 
iron rod by hammering it in tlie direction of its 
Icuglh ; also termed UrsKTTlXG. ' 

Jump Joint A Butt ,Ioint O/.r.) 

Juncacece (^Buiany'). A MonucotyleJon order 
found in moist jJaces in ttunperafe and cold 
climates. The KT:,SHr.ri (Juibrifs) are used for making 
baskets and .similar articles, and some .species are 
nse<l .ts fodder. 

Junctions {CivM Buy.') A ] joint ^^he^e a branch 
Cillers or leaves another line. T '* main lail i'< 
furnished with gaps, and I he branch rail l.as 
(Switches orl‘oiXTK (^.v.) and I’lioysiNos or Guarb 

Juniper [Botany), An oil is distilled from the 
unriyie fruits oi J u niperua rnwiMinis Coniferw) 

and used in medicine. Tht; fruits are also used in 
making gin. aUo Woods. 

Junk Ring (^Eny.) A cast iron ring fixed to a 
piston in order to squeeze tlie jiacking {q,v.) into 
close contact with the sides of the cylinder. 


Juno One of the larger minor planets 

or asteroids discovered by Harding in 1804. 

Jupiter, Planet {Astron.) Distance from Sun, 
483,01)0,000 miles ; diameter, 8G,500 miles ; periodic 
lime, 11 ’SO years. Five satellites, whose peAds 
are respe(‘tively Id. IHjh., 3d. 13Jb,, 7d. 4h., and 
Hid. I8h ; tlie period of the innermost jiatellito is 
not yet aociwitely known. 

Jupon [Cost,) A close fitting tunic, originally 
worn by knigld> under the hauberk or cuirass: 
later a sleevohsss surooat. reacliing to the hips, often 
of rich material hlaz uied wdth arms, and \vorn over 
aruiniir. That of t'.ic liJack Prince is still to ho seen 
in Wostminster Ahbev. iS5r CoAT AUMUUK, 

Jurassic System The group of rocks 

wdiich embraces all the straba hetweenthe top of the 
liliTtic Beds {(j.r.) and the base of the Neocorniau 
Bocks. It tht‘n‘fi)re ii)cludi*s the Lias and the 
Oolites. Th('stM-()(;ks arc topically developed in the 
Hvvis.s Jnra, whence the name. 

Justification i^Typoff.) The adjustment or even 
S])acii5g, of wunis andline^ in a given measure. 

Jute (Boft/uy). TIjc jilant Corchorvs oapsulans 
(order, Tiliacm ) \ also (\ oUlorius tlie source of 
Jttl’ or tUrxxy, which is olitained by mac-iTation 
of the bast fibres, a» in fiax and hemp. L'sed in the 
maiiufaei ure of sackh, }»apcr, carpets, cordage, etc. 


K {Elect.) A .-ymbol used for the SPECIFIC 
Inductive I'AP.t ity oi a dielectric (ly.r.) 

{Bhif,^., ,) A s.vuibol ofifii iised f(;r the 

^loMEXT or SKKTIA (-y.r.) The letter 1 is also 

use<b 

k {J^fect.) A sjmbi us(‘d ft>r 1h(‘ ^MAOXirnc 
Si st'i.PirisiLJ fi (y.r.) iro:i ami steel iL^ value 
is ♦a^ily obtained i’lorii th tables uf Term EABILITY 
{q.Y.) by the toimula 

/X 1 H 1 TT /■ 

in wiiieh p equals llic Permeability. It is evident 
that if p be I'ULre, k is \ei\ apiT»;xinialely equal to p 
cihi'ied b\ 4 tt or J-'5. 

{Phys., rtc.) A symbol frequently used to 

! ilenote a constant. 

Kaaba. SrrVwv.x. 

Kachin [Photo.) The name of a subsLanee used 
as a de%elo[)ei. It is a white crystalline powder 
readily soluble in ^\atcl■. 'J'iie u*<c of bromide with 
this developer is unncecssary, and in fact greatly 
Tetanls lbs action. With jJales that have betm con- 
siderably o\er-exf>fjserl it will yie.ld good negatives. 

Kahnisin {Mvtrvcvl.) Tlie hot winds of Egypt. 

Kakemono {Art). The name given by the 
.rapaiiese to a wall picture, generally painted on 
silk oi pa]:er, and moaiitod on rollers. It is the 
custom in .laijaiiese houses to loil up the kakemonos 
periodically and substitute others in their places. 

Kale {Botany). \ (nilti\at.cd form of Braftsiea 
olcrucca (order. Crvrifcnc), used as a vegetable. 

Kaleidoscope. An optical toy, consisting of a 
tubular body fioniaining two (or three) mirrors 
arranged .at angles of (iO''. Sm.all objects {e.g, pieces 
of coloured glass, beads, etc.) are contained in a 
glass comjiartment at one end ; on looking through 
the other end, the objects and their reflection in the 
mirrors form symmetrical patterns, which change as 
the instrument i.s rotated. It is employed to a small 
extent by designers. 
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Kalinite (Jlfin.) See Alum. 

Kampylite A variety of Mimetite 

occurring in barrel shaped crystals, whence the 
name. Found at Dry Gill Mine in Cumberland. 

Kann {Mining), A Cornish name for Fluobspar 
(jr.r.) ^ 

Kaolin {Qeol}) Another name for CmxA Olay. 
It originates chiefly through the prolonged action 
of subterranean waters upon feKpar— cliiclly upon 
the potash felspars Urthoclase am I Micrucline. As 
a rule kaolin occurs only in those granite areas 
Avhose surfaces have not been lately beneath the sea 
and which have not been recently i)ar(*d to anj' great 
depth by glacial action. Kaolin is almost absent 
from the north of England and from tlie whole of 
Scotland. Mo.-'t clays v^co'c ori"iiially impure forms 
of kaolin. It is a hydrous Filieate of aluminium, 
2 FI,jO . ALOj, . 2Si(>j,. Approximate composition, silica 
* =r 4G'3, alumina *» 39’S', water -» 13 l)]»erccnf. Mono- 
S 3 'mmetric. The cr} stals are mi(*rosco]jic plates ; it 
appears to the naked eye as a fine white clay, with a 
slightly soapy feel. From Cornwall, Saxoii v , Austria, 
China, and the United States. It is used with 
a similar material, to forin hard pastt* 
porcelain. See roTTLEY ASD I'oHCELAlN ctttd 
China Clay. 

Karri. Srr 

Karrusel ( A modern form of tourbillon 

iiiNCfiUal ly il. J3(tiiniksen,in whith the iotar> escape- 
merit carriaire turns at a niueh slower rate than 
in llreguot/s original invention, making the watch 
slr<»ngor and cheaper, while gaining the same object 
Si'e Toueuillox. 

Kaspino Leather. A iu*w kiml of white leather 
tanue([ liy means of ioi'ma]deh 3 <le ami an alkali. The 
pro<vss was discovered by K. E. !M, rayne in bSOH. 

Kater’s Pendulum, See ri:x[)i;L(\MS. „ 

Kathode or Cathode (Pieet.) Tb<; conductor or 
electrode (f/.v.) by which an clcdric current lca\e.s a 
conducting sypilcrn, e.g, a liquid or ga.s. 

Kathode Rays {Meet.') An emanation from the 
kathoilc in a highly exhausted Aacuum tube. These 
rays luobably consist, of a stream of negatitely 
clectritied particles, shot out from the kathoclc : they 
Iravvl through the stream in straight lines, and can 
be dellected or even brought to a focus by a plate of 
suitable shape placed in their patli ; tlie,y are alst) 
deflected by a magnet. They are cither identical 
wdth or give rise* to the enumation known as 
Lbxabd Kays {(/.v.) See aUo IIadiattox. 

Ration or Cation {Elect,) Tlie lox in a 

solution, which travels towards the Kathode {q.i',) 

Kauri. St^e Woods. 

{Pee.) Kauri or Cowrie co])al i.s a resin 

•exuded by two trec^, Patnuiara auntrallH in Xew 
Zealand, and IK orata in New Caledonia. It is used 
for varnisii making. ]n commerce the only kauri 
used is the sub-fos.sil exudation, wbicli is dug up in 
lumps, often weighing a Inmclredweiglit or more. 
The fresh exudation of the trees is of no \alue. The 
value of kauri in varnish making is <lue to t lic large 
amount of oil it will take up, and to the fact that 
it can be worked into a varni.'^h at a lower tempera- 
ture than any other oojial. The trndo in it amounts 
lo about half a million pounds sterling p(*r annum. 

Kazen {Mining), A Cornish term for a sieve. 


Keel moulding iAreUtect .) A moulding used in 
the Early English and Decorated periods. In section 
it resembles the keel of a ship or an ogee arch. ' It 
consists of a pointed bowtell with a slight sinking 
on each side of the point or arris. See 
Koll Moulding, and Huroll Moulding. 

keen’s Cement (Thnld.) A cement or plaster 
capable of being woi ktal to a very hard and highly 
polished surface. It is obtained by soaking plaster 
of Paris in alum water after a first calcination ; it is 
then put again into the kiln, reburni, and ground. 
It is especially U'vcful on sharp angles of w.aUs and 
on walls which have to be painted. 

Keep {Ar'clurol.) See DOXJOX. 

Keeper {Elect.) A jjiece of soft iron placed across 
the jxiles of magnet^; it complete.s tlie magnetic 
circuit and decreases the demagnetising effect. 

{Eng,) The lower part of the bearing in the 

axle box of a railway vehicle ; there is no forc^e 
exerted by the axle on this part of the bearing 
during steady running. 

Kefir {Foods), See Kmphib. 

Kelp (T'/ir/w.) The ash obtained by burning sea- 
weed, e.'^pecially deep-sea weed. Tt is used in the 
l»repanitioii* of iodine iq.r.) Instead of burning it, 
the weeil inuy bo extracted with sodium carbonate 
.voluiioii, and the liquid obtained treated with hydro- 
•‘Idoric acid. The resulting liquid, neutralised with 
eaustic soda and evaporated, gives a residue of salts 
calltjd kfdp .Mibstitute ; it eonlainsf all the iodine, and 
i'j used for the pre])iiration of iodine. 

Kelp Substitute {Chevu) See Kelp. 

Kentish Coal. S:c Coal. 

Kentish Rag {Build,) A stone used for rubble 
walling. See PuiLDTXC} ISToNES. 

Kentledge {Eng,) The heavy material (stones, 
Hcvap iron, etc.) used to form a counterbalance 
weiulit in a balance cranft. 

Kephir o'r Kefir (Ilggictic). Fermented cow’s 
milk; a modern substiliuc for Koumiss (^.v.) It is 
more easil,v digcslcil and absorbed than the original 
milk, ami is ummI medicinally. The process of fer- 
jnenlatioii is a double one ; both lactic acid {q.w) and 
;d«*oIiol are produced, though the amount of each is 
^e^y .^niall. 

Kepler’s Laws { Asiro 7 i ,) First Law ; The orbit 
of a planet an ellipse, the sun being in one focus. 
Sd(X)XD Law : Tiio radius vector (the line joining 
the hun to the planet) sweeps out equal areas in 
equal time>, THIRD Lavv : The squares of the 
iVriodie Times of the planets are projxirtional to 
the cubes of their mean ilistances from the sun. 

Kerargyrite { M ' m ,) A synonym for Horn 
Silver (</.?*.) 

Keratin {Zool.) An organic substance which is 
found in Imin, nails, and in the cells of the epidermis 
when it assumes a boiny texture, i.c, vvlicn pressed 
out by the growth of younger cells. 

Kerf {Carj?. and Join,) The cut made by a saw. 

Kermesite {Min.) An oxysulphide of antimony, 
2Sb;jSjj, ISb.Oj. Antimony ™ 70*34. oxv'gen == 4*73, 
sulphur = p<‘r cent. Alonosymmetric. Crystals 
usually acimdar. Al.so in radiating masses. Saxony 
Kohemia, lliinpaiy, France, etc. 

Kem {Tgjfog,) That part of a letter which over- 
hangs its body or shank, more generally met with in 
italic type, owing to the slope of the chaxactei's. 
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Kerr’ft Pbenomena Ken* Effeote (Pkyi.’) Eeir 
discovered that a transparent dielectric like glass 
or carbon disulphide becomes doubly refracting 
under tbe induence of an electrostatic strain. Ter- 
minals were fixed in holes drilled in a slab of glass 
and connected to a powerful electiic macdiine, and 
tbe glass was placed between crossed Nicol prisms, so 
that the light passed through it at rigl\t angles to 
tbe lines of electric force. On working the machine 
tbe dark field became coloured. Kerr afterwards 
discovered a magnetic effect on polarised light. 
When plane polarised light is reflected from the 
polished surface of the pole of a powerful magnet, 
the plane of polarisation is rotated : the rotation 
produced by a positive pole is in a clockwise direc- 
tion ; that produced by a negative pole is in the 
reverse direction. Tbe phenomena is, however, com- 
plicated, and depends upon the relation of the plane 
of polarisation to the plane of incidence. This effect 
is one of the various experimental results which 
connect light with electro-magnetic x^henomena. 

Kerosene (Chrm.) That fraction of American 
petroleum boiling between and 300", and con- 
sisting of parafiin hydrocarbons containing 

from 10 to 16 atoms of carbon. It is u.sually 
purified by shaking in sneot^ssion with sulx^hiiric 
acid and caustic soda, distilling it, and collecting 
for burning purpoMCs the fraction coming over 
between the above temperatures. 

Ketlpic Acid ( Chem.) See Ketipic Ester. 


Ketipic Ethyl Etfter {(UieniJ) 

cocn.nooaiii 

A crystalline solid ; melts at 77®, soluble in alcohol. 
Fenio cliloride im])arts a deep red colour to its 
solution in alcoliol. Forms an osazone (y./’.) On 
hydrolysis it yields the unstable ket ipic acid, which 
readily loses 200.^ and forms <liacetyl— a diketonc 
{q.v,) Ketipic ethyl ester is obtained as follow.*: ; 
Act upon ethyl oxalate an(^et]iyl acetate with sodium 
ethoxide. 


OC,H, 

CO 


+ NaOC,n, 


/or,H, 
I \ON;i, ‘ 


['OOC.,Hs COOC.1I-. 

ocji, 

+n>C.COOCJT, 


C - CH . COOC,H, 

I'^ONa 

cooUjn, 


2C,H,OH 


C.OH: CII.COOCjHj 
Acidify, and the product is | 

COOC^Hs 

(ethyl oxalacetate). Repeat the whole process on 
this comxiound, and the product is kelixnc ethyl ester, 


COOO.Hs 

COOCgH. 

1 

1 

CH 

r- 

11^ 

C.OH 

CO 

1 , or (tautomeric form) 

C.OH 

CO 

CH 

j 

CH, 


Aooc,h. iooaH^ 


Ketones (^Chem,) Compounds of the formula 
E — CO — E', where R and R' are alkyl groups or 
other hydrocarbon residues which may be the same 
or different, are called ketones. Examples are 
acetone CH.COCII,, and acetophenone CH 3 COC-H 5 . 
When R and R' are substituted alkyls or bydrcK)arbon 
residues, the compounds have still the keto]|e charac- 
ter, but have also the character of the substituting 
groups superimposed on tbe ketone character ; e*g, 
ethyl acctoaceiate, CILCO . CHj,COOC,Hj, has the 
ketone character, but this is modified by the pre- 
sence of the group — COOC^lIs. The ketone group 
may also occur iu a ring, giving rise to what aro 
called cyclic ketones ; e.g] 

C1I„ CH, 

H .00 CO 

CII, CH, 

which is called cyclrdiexanone {see NoMENCtATURB)* 
or ketohexaniot h\ lone. Tlie ketone group may occur 
more than once in a ooiux)i)und, giving diketoiies 
etc. Among tl)e btiizene compounds there 
occurs a class of ketones of such distinctive prox>er- 
tics that they have been given a siiecxal name — 
quinones {aee Quikoxes), The ketones may be ob- 
tained by many methofis ; c.y. (1) Heating the 
calcium salts of acids — 

Cllf 00> “ CH,COCH, + CO <g> Ca 

Culctiini Acetate. Galcinm ('arbouate. 


/ 


cH5>-cn,.coc) 


CH, 

\cn. - cn, . coo 

Oalciiiiu rmieJatc. 


>Ca 


CH,_CIU 

;co + 
cnTl’H, 


(.•0<«>Ca 


(2) OxidaUon of a secondary alcohol — 

CHj. CIIOH . CH, + O = Clla . CO CH, + H,0 

SecoiJilary Proi/yl Alcoh«»J, 

(,3) Action of zinc alkyls on acid cldorides and 
subsequent treatment witli wai-er—** 


Cil 

I 

C 


Jl, Ci\ CII, 

+Zn< = I .CH, 

^ X!H., C^-OZnCH, 


CH, CII., 

1 CII, • + Hon = I /cn, + 

Cv«)/.hcn, c^ 

V. ^'o 

H Cl + ZnO + CH. 

Basic Zinc Chl(Ji itle. 

(4) From nitriles by the action of an alkyl iodide 
in xjresenee of magnesium, the best yields being 
obtained with aromatic nitriles {e,g, benzonitrile 
with etliyl iodide gives an 80 xier cent, yield of the 
ketone) — 

C,H,CN + C,H5l + Mg = cfl{‘>C - N . Mg| 

Benzonitrile. 

: NMgl + 4HOH 2®«]js>.CO + 

2NH, + Mg(OII), + Mgl, 

(5) From i9-l;etonic acids by hydrolysis of the ester 
by alcoholic caustic potash (see EthtL AobtO- 
ACETATE). Important examples of ketones are 
acetone, acetophenone, camphor ; and of com- 
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pOTmds oontaining ketone groups, ethyl acel^oacetate 
and IsBv-ulose (see these), (6) Axonuitic ketones may 
be obtained from benzene by the action of an acia 
chloride in presence of aluminium chloride (see 
Aobtopbenone). The chemical reactions of the 
ketones are : (1) On reduction they yield secondary 
alcohols and pinacones, 

CH, CH, ‘ CH, CH, CH3 

I • xOH ^ I I yOH HO V ' 


CHs C 

I /OH HO V ' 


. C - 'X* 

I I 

cn, cHa 

' Pinacone 
Teiraiiiethylglyool. 


+ n = c<"“ 
ca, CH, 

(2) On oxidation they yield acids with a smaller 
number of carbon atoms in the mcdecule than 
the original ket(jne ; e.f/. ethyl })ropyl ketone, 
OHjCUmCOCTLCUX’H.,, yields aooth:, propinnie, and 
butyric" acids" (;i) Phosphorus penUudiloiide re- 
])bccs the oxygen by two atoms of chlorine, 
CH/X)Cn„ CIl3CCl,CH3 

(4) Ammonia onuses condensation, and then adds 
itself on to the ]*ru(luot. 


CIX 

.io- 


C:cri,co,cn, 


, CH.COCH, 


CH, CH, 

Mesityl OMide. B.P. 18<P. Diaceioiiamino (Lii^uid). 
OH 3 (’ll, ('II, 

I I I 

I CO -» V : ClI . CO . CH : C -» 

(!;h, oh,, CH, 

JMtorone. M.P. 2^-'. 

CH, CIL 


C.CnaCOXH,.C 


Triacotoniiniine. M.P. 40® 

(5) With hydrocyanic acid (IICN), bydroxylaraine 
(IIjNOIl), and phenvlhjdrazine (I1,,N .NHC^Hj^) the 
ketones behave like the aldchyiles, forming re'^pec- 
tively oyanhydrins, ketoximes, and hydraxunes — 

CHj, CII3 

^0 + HCN = ^ 

CH, CIIj 

a-OxfUoUutjionitrile. B.P. 120“. 

CU, CUj 

io H,N.OH== C:NOH 

CH, CH, 

Aoetoxime. M.P. 80®. 

(6) Those ketones which contain a methyl group 
unite directly with sodium hydrogen sulphite just 
as the aldehydes do. (7) Ketones undergo con- 
densation ; e.ff, hydrochloric acid causes two mole- 
cules of acetone to lose one molecule of water and 
fonn mesityl oxide (see 4); three molecules of 
acetone to lose two molecules of water and form 


phorone (see 4). Boiled with sulphuric iweid, acetotte' 
condenses to mesitylene (q,v,) (8 ) Ketones, especially 
cyclic ketones, yield tertiary alcohols when bciJeft 
with magnesium and an alkyl iodide in etbereaL 
solution, and the product of the reaction acidified 
with dilute acid: 

CH, CH, CH, CH, 

b,o(3oo-.h.o<^;c<J^' 

CH^ CHj CH, CH„ 

CH, CHg 

CH, CHa 

Ketose (^Chem,) A sugar which contains the- 
ketone group is called a ketose — e,g. hevuolose (q.v,) 

Ketoximes (Clt^,) See Ketones, also Oximes. 

Kettledrums (Music), See Musical Instbumekts 

(I’KIfCUSSlON). 

Kettlestitch (/Jiud,) The chain stitch made at 
the head and tail of a book when the sections are- 
being sewn together, prior to binding, in order to- 
keep them firm, 

Keuper (Goal,) The uppermost division of the 
Trias or I'ppor New Bed. In Britain it consists 
of a small thickness of sandstone, prevalently red 
in colour, and an overlying series of red marls, 
which range to as much as eight hundred feet in 
thickness where they are must fully developed. 
Deposits of rock salt, and also of gypsum, occur in^ 
these marls. The Keuper series has been formed 
under continental conditions, and in an arid climate, 
at the bcaiom of inland lakes. 

Key {Bind.) A small metal implement used to- 
secure one end of a band to the base of a sewing 
press*, the other end being attached to a loop formed 
of cord on the adjustable bar^ruuning across the press. 
See Bands ; and Sewing Pkkss under Bookbinding. 

(Eng., etc,) (1) A wedge shaped piece of iron 

or other material used for fixing a joint, especially 
the wedge by which a wheel is fixed on its axle. 
(2) A tool used for turning a nut or other loose part 
of some machine or structure. 

(J/nsie). I. A system of notes in connection 

with one certain note called the “Tonic.” or key- 
note, from which the key is named. This system* 
includes the seven notes of the major diatonic 
scale, together with five chromatic notes, wz. the 
flattened 2nd, 3rd, 6th, and 7tb, and sharpened 
4th of the diatonic scale. The technical names of 
the se\ en diatonic notes are : (1) Tonic or keynote. 
(2) Hupertonic (above the tonic). (3) Mediant (mid- 
w'ay between tonic and dominant). (4) Sub-dominant 
(the w/w/er-dominant, being a fifth below the tonic 
just as the dominant is a fifth above the tonic) 
(5) Dominant (governing note). (6) Sub-mediant (the 
ww<f("7’-mediant, being midway between the sub- 
dorninant (uuder-dominant) and the tonic. (7) The 
leading note (from its tendency to lead to the tonic, 
below which it is only a semitone), al.so called ><;8ub-- 
tonic (under the tonic). [8. Tonic or Keynote, being 
replicate of 1.] Starting from C, the twelve notes of 
the kev arc : 
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‘These notes with the tails turned down form the 
* major scale; those with the tails turned up, the 
minor scale. The whole series form the diatonic 
chromatic scale. II. That pivrt of the mechanism of 
keyed instruments on which the fiiigrcr rests. It is, 
strictly speaking, a lever, which in the case of tlu; 
pianoforte raises a hammer, and in the case of the 
liute, etc., opens or closes the sound holes. 

Key (Plaster in tf). The portion of the plaster that 
squeesOsS through the laths of a ceilingor 2 »artition ; 
any holes or roughness t hat the jihistcr can hang to. 

Key Bed or Way (A’////.) The grove cut in a 
shaft or the hub of a wheel, into wliich the key is 
driven. 

Keyboard (Musie), The set of keys on instru- 
ments ])la\ed by means of keys. On organs iho 
keyboards are spoken of as “ manuals,” to distinguish 
them from the keyboard filaycd with the feet, called 
n pedal board. 

Key Harmonica {Afuslc'). Sre Musical Instuu- 
MEN TS (PkEUUSS \ ON ). 

Keyhole Saw (Carp,) A narrow saw having a 
handle at one cud only, an<i somewliat rt'scniblimr 
a very narrow handsaw ; used for cutting out small 
pieces of wood such as those removed in forining 
the central }iart of a keyhole. A hole is bored at 
each end of the keyhole, in which the point of the 
saw can be insrsrtcd. 


Keyless Work CWatchvn), The mechanism en- 
abling one to wind and set a wntcli by turning the 
pendant knob or “ button,” instead of having to use 
a separate key. 

Keynolo (^fnsic). called Tonic. The note 

from which the scale begins, and by which it is 
named. 

Key Seating (E^ig.) A Key Led 

Key Signature (diws/c.) The shart)s or flats 
belonging to the key juaced at the beginning of 
a piece of music between the clef ami the lime 
signature to show that every note of their res- 
pective name.s, throughout the inoco, is to be so 
affected unless contradicted. The .sharps and flats 
are called Essential sharps and fiats, and are written 
as follows : 


Klv> with SiiAiirs 


Major Key. 
Minor Key. 


Major Key. 
Minor Key. 




I) A K 

I-i FJJ C4 




C 

A 


F 

D G 


EU Al? 
C P 


E±t 


B F# 

C5 

05 B5 

A5 


S'frfJ 

liH Flath. 



W Gb 

C7 

Bb El 

A2 

z| ^v] 

"B 




It will be seen that in keys with sharps the major 
keynote is always one note above the last sl.ari) 
in the signature, and in keys with flats it is always 
the last flat but one in the signature. The keys of 
^ xuajor and A minor having no sharp nor fiat are 


often spoken 6f as the “ open *’ signature. It will 
be noticed that the minor keynote is always three 
semitones below the major keynote. A simple rule 
to determine whether a picMJo is in the major or 
minor key is : Assume that it is major, then sec if 
ihc dominant is unaltered throughout the piece or 
seftion. If unaltered, it is major; but if that note 
be raised in the majority of times it occurs, then it 
is in the minor key. 

Keystone (.l7*t*7rii^(YT.) The stone which occupies 
the centre of the crown of an arch. See AucH. 

Kibble, Kibbal (Mhiinf/). A vessel used for draw- 
ing up mati iiais from a mine ; a bucket, barrel, etc. 

Kick (Euild.) The de]n*ession or Fkoo in the 

surface of certain kinds of bricks. 

I 

I Kidney Ore {Via.) A varietv of H-ematite 
(V. r. ) so called fioni its reseiiiblaiicc to a lobed 
' kidney. 

Kicselguhr. A fo.ssil dcpt>sit consisting of the 
sili(‘ilicd \alv(‘s of the vegetahle organisms known as 
1>1 ATOMS iq.r.') It is used in making dynamite 
i/j.r.) 

Kieselguhr Bricks, if^cc Fricks. 

Killas (6Vr»/.) A Cornish name for the country 
rock, mainly of sedimentary origin, in which the 
inetallit crons veins occur. Tlie liaiiio is Mj>plied 
irresj[)cetive of ti'O geological age (‘f Uh‘ rock. A 
huge 2 )art of the killas may bo of Devoriiau age; 
some is certainly Carbonifeions ; and part may per- 
tain to the rroterozoic SysK'iii. of the “killas” 

<;f Devonshire and Cornwall has been dynamically 
luetamortihiscd. 

Killed Spirits. A solution of zinc chloride used in 
soldeniig ; sciap zinc is added »o hv drochloric acid 
until the acid is ncutralistsd or “killed.” 

Kiln. A furnace in which ore (T some otl cr 
sub, -stance is jilaeed in order to be strongly healed, but 
not fiKsed; r.ff. in glass manufacture a square or ivc- 
tangoilar annealing oven lieated on bol h sides, used 
cliielly for arimaling large articles. Whf'n full tlse 
kiln is closed, and i»y jJlowing the fires gradually 
to become extinct, the an ides are more thoroughly 
annealed than bypassing tiiein down the lean S'C 
Futcks, (iLAss MANUFAcyruni:, Tottery an]> Toti- 
CKLAIN, Bisque Oven, Olost Oven, Enamel Kiln, 
tic. 

Kilogram. See WEitjnTs and Measures. 
Kilometre. See Weights and Measures. 

Kinematics. Tlie science, dealing with the motion 
of bixlies, apart from the forces which produce the 
motion. 

Kinetic Energy. The energy which a body 
jiosscsses in virtue of its motion. If m be the mass, 
ami V the linear vehicity of a body, then the kinetic 
(‘nergy is ^ ?’*. lii the case of a rotating body, if 

K be its Moment of Inertia (tj.v.) and ta its 
angular velocity, the kinetic (uiergy is J K w*. 

Kinetic Friction. See PTitction, Kinetic. 

Kinetic Theory of Gases (Pltys.) The tlieory 
whereby the known iihysical prupeities of gtiscs are 
deduced from the assumption that a gas consists of 
many >|eparate molecules, each having a finite mass 
an<l velocity, and obeying tho ordinary laws of 
motion. 
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King Bolt {Qirp and Join.) .An iron rod, 
tflking the place of the king post in a truss. See 
aUo Hoops. 

Kingcloser. A brick cut lengthwise, showing 
2\ in. one end and 4| in. the other. 

King Post ( 6 >/ 77 ;. and Join.) The central vertical 
timber in a trusvsed roof or in a partition. See 
also Hoofs. 

King Rod (Jiulld,) An iron rod used in place of 
the kiug post in an iron roof. See Kino Dolt and 
Hoops. 

Kings of Arms* The chief olhcrrs of the Mcnilds* 
College. 'J’hey are “ (iarter/’ ** Olanuireux,” and 
“Norroy" for England; ** Dath/’ **L}oii,’^ and 
** Ulster ** for Wales, Scotland, and Ireland 
respectively. 

Kino. A dark red astringent jelly-like juice used 
ill medicine and tanning. Obraino<l from incisions 
made in the trunks of various trees and shrubs in 
tropical and sub -1 ropicnl regions. The < hief v^arieties 
are official or Malabar Kino (India and Ceylon), and 
Australian or Eucalyjitus Kiiu). It rc'^tinbles 
t'ATECHU (l/.r.). 

Kiosk or Kiosque (Are7/!ftrf.') A small structiiri*, 
genendl}' polygonal or ('ij'cidaj in const ruction, with 
open sides, and surmounted by a donie-shapLMl or 
tent-shaped ror)f carried (ui pillars. LVed as a band 
stand, summerhouse, etc. 

Kip Leather. L('ath(U’ made from Kij» hides, 
which arc the skiii'^ of yearling cattle grown in 
India. 

KirchoiTs Hypothesis (Asivon.) The l.ypoihcds 
which explained llu‘ (uigin of ilie daiK lines in the 
ijolar spectium. WIkui tlie light Irom ;in incnii- 
descciit body passes tlnniigh tlui same sub^tanet* in a 
state of \apour, the colon ted bauds become replaced 
by dark or absorption lines. 

Kirchoff's Laws {KJert,) Ktiist Law : At a jioint 
where any number of coiiducb/rs cat tying euirent-. 
meet, the algebraic <=>11111 of all the currents thjwiiig 
towards the point is erjual to the sum of t lie* current'' 
flowing avvay from the ]H)inl. Si.tmxjj Law: Tf 
any closed ciioiiiL bf* made up of cf)iiducti»rs of 
rcsi.staiK*c 7 ’|, r.^, Vj,, etc., and if the curreiils m these 
conductors arc Cj, etc., then tlic algebraic .*=uiii 

e,rj -t- e,j\2 -s Cj?*, + is equal to the electromotive 
foice acting in the cinmit. 'I'his law is of grc.at 
use in the cjihmlation of currents in coii<bictor'= 
forming a mimber of different elosed circuits, t\v. 
the Wheatstonf Diiirujii: (y.v.) 

Kish (^Chem.) A name given to the carbon which | 
separates from molted jug iron when silicon or l 
highly silicious iron is a< hied to it. Wiien a molten 
mass of grey pig iron is allowed to cool slotrhj (as in 
n foundry ladle) a .scum of graj'hitie carbon (^.r.) 
separates and t;olleets on the surface. 

Kist. See Cist. 

Kit-Cat (/Ww/.) A term a]iplied to a port rait on 
canvas ratlier less than threequarter length (06 by 
28 in.), in whicli the hands are shown. The teriu 
arose from the fact that Sir Godfrey Kneller painted 
a series of portraits of members of the Kit-Cat Club 
on canvases of those dimensions to lit the walks of 
a room in Tonson, the publisher and bookseilei''.s 
residence, Bam Elms, Putney, Addison and Steele 
were amongst the members of the club. , 

Kitchenep or Kitchen Range. A kitchen stove 
the grate portion of which can be either used as an 
open or a closed range. It is provided with an oven 


and a boiler and with the necessary flues for heating 
them. 'Ihe top of the stove, known as the hot plate^ 
is used for heating saucepans, etc. 

Kite {Meteorol.) An instrument for “sounding,^ 
or taking observations in, the air Of various sha[^S" 
and sizes. It is raised in the air by the force of the 
wind pressing against its surface, aud is held steady 
by means of a cord. 

Kite Winch {Metf^orol.) A winch used for paying 
out the line or winding it up during the flight of a 
kite. 

Klemm’s Leather. Sec Crown Leathkji. 

Knee (Carp, and Join.) A convex curve, the 
rcviT.se of a Uamp Oj.v.) 

Kneeler {Build.) A slijnc i)laced cither at the 
base of the slope of a gable or at a higher level ; its 
base is horizontal, while one face is usually cut to 
the same angle as tlie gable. It serves to relieve a 
part of the diagonal thrust, 

Knib {Typog.) A small projection at one end of a 
setting rule to enable it to l>c more easily lifted from 
the composing stick when the line of type has been 
j set. 

; Knife Edges. Sharp edges of steel, agate, or other 
! hard material, on which a lever turns; used in 
I balances, wiughing iiisKihines, etc. 

I Knife File {Bng.) A thin, sharp edged fil^. 
j Knitting Frame, or Loom {Tcjctilo Manvfm.) 

I A machine for the knitting of warp threa ’s into 
a wearable fabric. It may bc‘ a straight -bar or 
! <'ircnlar loom. The fabric possesses the same 
: .'tructure as that due to the ordinary process of 
I knitting. 

Knocking A noise heard in the cv Under 

j of a pump or (uigine, due t.o a loose pan or the 
I accumuialion of fluid (gas, .-team, or winter) at the 
; end of the stroke. The term is often applitnl to 
' noises duo to various other defects in machinery. 

Knocking- Down Iron {Bind.) An oblong rect- 
angular ])ioc<* of iron wiili a leg on one side, by 
means ol which it is seem od in the lying press. 
The ujiper surlai'e, wfiich is Hat, is ustjd as a support 
when beating the sli])s in the l oards after they are 
laced in, so that they may bo imperceptible w’hcn 
the hoartls aic covered. 

Knop Yarn {Ttxtac Mann far.) Yarn on the 
suiCace of which arc formed at intervals small 
knops or lumps, which may be of one or several 
coloni-s. The process of producing this yarn is 
known as “ kuopping,” and is done on the twisting 
frame. 

Knots i^Jler.) Heraldic badges, made of inter- 
tvviuoil cords, borne by different families. 

Knotter {Paper Mann/ae.) An appliance for 
remov iug knots and mechanical imimrities from pulp. 

Knotting (Bee.) A preparation ef shellac used 
for covering knots in wood before being painted. See 
House J’aintini^. 

Knuckle {Build.) The joint of a hinge. 

Knuckle Joint {Png.) A hinged joint betweea 
two rods ; one poB.se.sses «n eye or loop, fitting into a- 
forked projection on the other rod } a pin passes 
througli the eye. forming an axis, about which the 
two members can turn. 

Kohlrabi {Botany). Like the cabbage, brocooD, 
and kale, this plant is a cultivated variety of 
Brassica oleracea (order, Crui^/ertt). 
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Sola (^B&tanyy An AfTiciBi plant, f^ola acmninaia 
*(^Stereidiace<^)j whose seeds, Known as Kola nuts, are 
used in medicine, having the power of sustaining 
fatigue. 

Kollergang (^Paper Mamfac.') See Edge Bunneb. 

Konib4 {Botany), The important drug Stbo- 
PHANTHIN is obtained from the ripe seeds of 
Stnypkmithng komhe {A 2 toninaeefp\ wlich are used 
in Central Africa ns an arrow poison. 

KouiniBB 0 /* Kumiss. An alcoholic beverage 
resulting from the ferraentalion of marc's milk, 
commonly used by many nt)iiiadic trilxjh in Asia, 
*espccially by the Tartars. Sometimes used dicteti- 
oally in this country. 

Kp {Clicm.) The symbol for Kkypton {q.v.) 

KpIo Sphinx (ArchHecU) A carved figure having 
the hotly of a lion and the head of a ram. Si‘e 
JSphinx and Axdro Sphinx. 

Krokidolite {Mm,) See Ckocidolite. 

Krypton, Kr. {Chrm.) Atomic woiglit, 81 '8. A 
.gas without clicmical reaction. Ft has a monatomic | 
molecule ; a character s]jecfnmi : boils- at — 

It occurs in the atin(»sphcre to the extent of 1 j>art in ' 
7,0d(),0<X>. It is obtained by fractional distillation of | 
liquid air. | 

Kun(4*8 Experiment {Sound). If a fine powder \ 
be i>lacod in a tube containing a gas in wliich 
St.\WOXABY Waves (</.?*.) of sound arc being j 
produced, the powder collects in heaps at the Loops ' 
{q.v ,) ; from the position of these heaj^s we can | 
determine with fjiir accuracy tins distance from one 1 
loof) to the next, and hence the wave Icngtli (r/.r) 
of the sound in the gas in the tube. From tin* | 
wave length w^e can calculate the velocity of sound | 
in the g.as. j 

Knpfernickel {Min.) Arsenide of nickel, NiAs. 
Nickel — 4 1*1, arsenic rsn.-)'*,* per cent. Hexagonal, . 
but usually massive, wiih a coppery colour, wliem c 
the name. It is usoil as an ore of nickel. From 
Cornw£ill, Linlithgow.shire, Wigtonsliirt-, Saxony, ’ 
Bohemia, many places in Scandinavia, N. and S. . 
America. 
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Label (^reJdtec^.^ S^ Hood Mould. 

- — ‘<?r File {JXer,) A mark of cadency used 
to distinguish the eldest son ^luring the lifetime of 
his father. It con- 
sists of a bar with 
three points placed 
acToss the paternal 
.sliield, in chief. In 
the case of younger 
sons the paternal 
shield is differ- 
enced by the fol- 
lowing additions : 
the second son uses 




Moi>F.aN Foum. 


Old Fqum. 


a crescent ; the third son a 
mullet; the fourth son a martlet; the fifth son an 
annulet; the sixth son a llcur-de-lys ; the seventh 


son a ro^c ; tlie eighth son ii cross moline ; the ninth 
s(»n a double quatrefoil. In tlie case of royalty the 
labtd is employed by all sons, but the second and 
younger .*'ons hear the label differenced. 


Labiatffi {Tiotimy). The natural order Ldblatce. 
inelurles a large niimhcr of xffuiils winch are valued 
for toe e^^onllal oils they eoiitain. A common and 
fairly tvjdcal exanqile is the White Dead Nettle 
{Lamintn afbit/u). Anamg tlic ]»hmts of this order 
are the Havexdeh ((/.r.), K\vef.t Basil {Ocymtun 
haa'dirum), MiXT {Meniha), Maiwok.AM {Oriqamim\ 
'ITlt MB ( Thymu.<). llosUMARY {^Bosviarhis oJficinalU), 
Balm {Melinsa), IlonEHorx’l) {MorritHuvi)^ PoyoB- 
frmon PatchnuU, which yields Oil OP Batciiouli, 
and niaiiv othens. 


Laboratory. O) A place in which experimental 
uoik and iii\i‘stigarion in natural science are carried 
on. ( 2 ) Am^tluir term for the “ hearth ” of a refer- 
b(.*ratory luriwu‘c, i.e. the part in which the effective 
woik of the fuinma- i.s jicrtorined. 

Labradorite ( M t >(.) A calcium nlaminiuin sodium 
.silicate; app'ioximaie composition, silica a- 52 d), 
;iiuuiiua= dudj, lime = J2'.d, .so»ia = 4'5 per cent. 
I’lielinie. li is one of tl)t‘ fcls»pars. Ciey, brt.-wn, 
grr‘#nis}j, soimliims (jolouilcss. It >bow> a line 
play of colour in certain dircctioiis, and is cut as 
an ornanicntal stone. It is of very wide distribution 
in basic \oicainc lucks. 


Kyaitisill^ {Biuf,^ Build.) Soaking timber in a 
solution of corrosive sublimate, llglTj, in order to 
preserve it. 

Kyanite {Min.) A silicate of aluminiuro, 
ABO,, SiO.^. Silica. « 37, alumina. = <'1J ])er cent. Tii- 
clinio, occurring in bladed crystals in metamoriibic 
rocks. Pfde blue to white. Ikinimliitc, Aberdeen- 
shire, rurthflhire, Shetland, Ireland, Switzerlaml, 
T^ rol, the United States, etc. 

Kylin {Art.) A mythical animal often depicted 
>on Chinese and Jjipanese porcelain. Sometimes 
known as the Chinese Unicorn. 


L {Phyg.) The symbol for Latent Heat {q.v.) 

La {Ckem.) The symbol for liANTiiANUM {q.r.) 

La, Lah {MnHc), The sol-fa name for A in the 
fixed Do system; and for the ^ixth degree of the 
Acalo (submediant) in the movable J>o system. 

Labapum {Archsol,) (1) The Boman impel ial 
^standard as altered by Constantine the Great after 
his conversion to Christianity, certain (Christian 
symbols being incorporated on it. (2) A general 
term for a banner or standard. 


Laburnum. Sec Woods. 

i Lac {Botany). A rtisinoii.s exudation from the 
I biaru }jc- of i\ niin.bcr of trec.s such as Aunig Indica 
I aiifi P. rehyi.tSff (onlcr, Moracrec) \ Jhitra frond osa 
I (order, L* yu miitosfc ) \ Croton luce if crus (order, 
‘ Pnjdiorhlart'fC). It is caused by the pinjcturoe! of a 
■ sjjiall iiiM Cl jinirs). Sec also 

Lacoolite {(ind.) A term originally applied to 
! thus** nccurrcnces of invrasi\c rock.-, in which the 
' erupti\e rock displaces its own volume of the rock 
i in\a<lc*d. and tluis, as it were, lifts the wliole (»f the 
overiving country rock on its back. One or two 
such insJancos luue been scru abroad; but most of 
the intrusi\e masses to which this name has been 
applied are nothing rnoie than sills occurring in the 
u.siial maimer, i.e, without any such upward arching 
of the country rock above. J’he term may well be 
dispensed witli. 

Lace Hand and Machine Made. **The earlier 
laces were jdain br.iid«,”and w'cro made by “unroving 
the edges ot wijven material and i^Iaiting or knotting 
the fringe so fonned” into a reticulated border. This 
wa.s one of the tiarliest forms of ornamentation. Fur- 
ther developments w’cre the introduction of a biaid 
with a toothed edge called Dentbllb and CUTWOBK, 
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the latter a method of fimamentatiov^ which was 
produced hy arrauginpr a series of thrSids upon a 
frame and interlacing them by the aid of needle and 
thread, thus formin" a net or ground upon which 
various objects cut '%Lt of woven material could be 
embroidered. Every draper’s shop window gives 
ample evidence of the survival— or revival in a 
modern form — of this art, by tlie display of a multi- 
plicity of articles, both for home and personal adorn- 
ment, composed of fabnes of the most diverse 
character superimposed upon each other, e.ff. a design, 
■worked by the aid of the sewing rnachiiui, through 
two fabric's. Upon the suj)ortluou.s material of the 
imposed fabric l)eing cut away, effects rare evolved 
artistic, unique, or ]>cculiar. A siniilar effect to 
outwork was attained by the method known as 
DuawJsWOKK, produced by drawij'g a dehign upon 
woven fabric and then carefnlls cutting certain 
threads of both weft and warp at regular intervals in 
the interspace betw(‘(;n the various objects of the 
design ; the cut threads w'cre then carefully drawn 
out, thus leaving reticulated openwork which could 
afterwards be more hntdy secured by tlie aid of the 
needle and to the fancy (‘f the woiker. These 
methods were the fasLiomiblc omi)lo 5 ’ment for ladies 
of tlie ]ieriod about laS?. There are two descriptions 
of lace, point ’* and •* pillow." Kcal 1‘oint Laci: is 
made entiiely by the aid of the ueedde, upon a parch- 
ment pattern, each loop or stitch being so worked 
as to hold the ] 'receding stitch in position. The 
Italians claim to have invented it, but they probably 
derived the art of lino ne'-dlework, of which lace is a 
development, from the Cireeks.* .Much prolieiency 
in tlie art laid h(‘eii attained by and a great 

development in IhOo by Tolbcrrs establishment of 
the hoiM’fcj (IF Kkanck. Th(‘ chief centres of manu- 
faeturc wore Veniee, Milan, (.lonoa, and BiTis-^els. 
The nuns also wciie ainoncst tlie principal niak»'rs, 
iK'ing very oxjiert in the. j»rodaetion «»f the extremely 
lino tla.M'ii thread so essential to tlie making of high 
Cia.s-s lac/c. It is mainly owing to ihe linene.-s of this 
thread that T»ia'.--si:ns l.Aei; (</.r. > owes its beauty of 
appearaneo. rinhow is made upon a parch- 

ment pattern, but quite a nmnber of iJircads enter 
into iis e<unpo.sit ion, each tliiead having a separates 
source supply called a bobl)iii; and, being similar 
in shape to an ordinary lead pencil, they can be 
twisreil or otherwise manipnl-it' d with ease. The 
Ijarchment iiattern boirg seemed to the ]>illow or 
rus’nion and tlm threads to I'iiis, .stuck at suitable 
intervals into tlio cii.*-hion, the worker’s hands are 
free to make the neee.-^s.iry mo\cmen1s. There is a 
consiilerablo quantity of “lace” that is designated 
8BMI-REAL Lack produc.'d by mod *111 methods. It 
is a composite article, maeMn,; mtule braids being 
utilised to form the more sul>stant ial outline of the 
pattern, the “ fillings” being wiou.:hl by the needle 
and also by adventitious aics. Very effective articles 
aro produced, Luxeuil being one of the principal 
sources of riiarndVu tun*. ^^loM iaee.s take their name 
from the place who le t lioy were first, made, or that 
wore nc^teil f«>r the excelUmce of their production, 
and many lacos differ much more in name than in 
appearance. The chief exception to this rule is 
GuiPURK, which takes its name from a made up cord 
composed of some inferior material, such as cotton 
wrapped round or ]ilated\vitha more valuable article, 
gold thread or silk. This prinei})le pi*oducc?, not 
only a thicker thread, but a thread of an entirely 
different appearance, and is used to form the raised 
Xiattern. Any lace therefore that contains raised 
outlines attained by this or similar methods may be 


called ‘‘Guipure” : we find “Bpajiieh Guipure,* 

etc., and also various^‘ made up ” names as" Guipure 
d^art.” The Germans claim the invention of p^ow 
laces and Barbaia Uttmann, of 6t. Annaberge» as %he 
medium, about 1560,— -W. H, 

Lace Machine. Ignoring experimonts, the first 
machine for x^roducing lace net as a practical and 
commercial Success was invented by John Heatheote, 
1809-1 1 ; and though many mechanical imperfections 
have been eliminated and improvements developed, 
the fundamental principle remains the same in the 
modern machine of to-day. The object to be attained 
is to twist one scries of threads around a neighbour- 
ing and alternating series. This is accomplished 
by dividing the threads that will eventually compose 
the fabric into two systems, one called the “warp," 
where each thread has a common source of supply 
(the warp beam), and the other called’tho “ bobbins,” 
winch, though numerically the same, have each an 
independent source of supply. The continuity of 
this latter system of threads is thus broken below 
receptacles called the “carnages,” each of which 
contains an independent bobbin. These carriages 
(with the bobbins they contain) are so attenuated, 
so slim, that the whole systcim is able to pass simul- 
taneously between neighbouring warp threads, A 
slight hitofal movement of the waip threads at 
rigiit angles to the plane of the carriages (to the 
right wlun the carriages swing in one direction, and 
to the left at the return inovcrnent of the caiyiages) 
causijs warp thread and bobbin thread to twist 
logethcr. A continuation of tlie<c movements simply 
forms a senes of lvvi.<lcd pillars, composed of one 
bobbin and one watp thread twisted together, and 
having no coimoction with any neighbouring imir 
of threads; out if at certain regular inteamls a more 
extended hit oral movement is I'ommunicated to the 
guide bars that control the warp threads (say over 
two carriages instead of only one), then community 
is at once established and a web of not begins to' 
be fcjrmed, the description of net being dependent 
upon the charactiu* of the movement communicated 
to tlie warp threads. It lequires twm “motions” or 
in')V ments of the cat- 
riages to form one 
Cffi;q>lete twist, and by 
relcrence to fig. 1 it 
will be readily under- 
stood that it lias taken 
six to and fro move- 
ments of the. carriages 
to form the first three 
t\vi.sts repicsented in the 
upper jiurtion of tli 3 
draw ing ; it will also be 
realisi'd that so long as 
this limited amount of 
movement is continued, 
only twist ed jAllars 
would be formed, as 
prev iously menti oned ; 
but the seventh move- 
iiicnt shows the warp 
thread as having been 
moved to the right 
behind two bobbin 
threads; the eighth 
movement, to the left over one bobbin; the ninth 
movement, to the right under one bobbin ; the 
tenth movement, to the left over two bobbins; 
the eleventh movement, to the right under one 
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bobbin: the twelfth movement, to the left over 
. one bobbin, after which it is all repetition in the 
same order. Up to this point it has been assumed 
that the bobbin thread is a straight line, as repre- 
sented in the drawing ; and on paper this is perfectly 
correct, but it must be remembered that the bobbiii 
tlireads form a system of threads to themselves, 
each thread from an independent source; and flu* 
tension upon each thrwid is controlled *by a llcxihle 
spring, that impinges upon the bobbin : these 
springs are adjusted to give a uniform tcnsitui, as 
far as possible. Tlie warp tlireads (the other system) 
all come from a common source, and one controlling 
inflmmee affects tlicm collectively. This c(mi rolling 
iniluenco generally takes the form of a c(nd pa'..‘^ed 
around a collar on the end of the warp beam. To 
the end of this cord a weight or spring is aitaelied, 
though other mechanicnl devices are used. It will 
be obvious that slionld the weight or tension up<in 
the warp exceed that upon the bobbins, the exact 
j reverse of wliat is represented in tlu‘ drawing would 
*'QCCur — vh, the warp would pull straiglil ami the 
bobbin would lie across. Xcitlier of < lieso comiitious 
would contribute to success in m t making; it is the 
happy medium that is required— just sufficient tension 
upon the warp to cause bobbin aud warp to a«Iaf>t 
tjiemselvcs to each other, as shown iu Iho last three 
meshes rei)resented, wliich depict the birmation of 
Nl't, also known as M.M.ixns ami Tulle. 
There are three tlescriplions of twist lace machines, 
but one principle obtains in tlicm all. The princijde 
is that of a swinging jienduUim, all the inaelhnes 
being built to a certain diameter <ff circle, goneralh 
12 to 14 in. It is in the lower half of t lie circum- 
ference of this circle that the cairiuge.s, propeily 
controlled, swing, like so many pendulums, aud with 
similar rlnthni, at a speed of ahoiit 120 ^v/mgs oi 
“motions^ per minute. The macliinc invented by 
John Heathcote is be^^t adapted for making plain 
net, cither Brussels or ^rechlin. Owing to difficult ies 
originally encouiitenMl in firocuring carriages of 
sufficient thinness ho found it noeessary to phuce the 
carriages in two row's or tiers one behind tl e other, 
and though the principle was adopted in the first 
instance as an extremity, it was found .so oflicicMit 
for the making of traverse net that it has never been 
superseded, and 
still obtains in 
the m o .s t 
modern rn a - 
chines. Fig. 2 
shows the prin- 
ciple, the car- 
riage.s being 
actuated upon 
the rolli ng 
locker method. 

Though the 
double tier 
principle has 
not been departed from for plain net machinery, 
the original idea rjf a single tier maeinne wa.s never 
lost sight of, and in 1813 Jolm Lever invented 
his single tier machine, where there are as many 
carriages in one row as in two rows in the plain net 
machine, each carriage b<jiug i)roport.ionally thinner. 
Though in the first instance it was intended to make, 
and did make, plain net, it was soon found that its 
proper function was the making of fancy lace.s, nets, 
edgings, insertions, and millinery laces generally. 
Fig. 3, shows the essential principle of this machine. 
-The ^ird machine in use, though the same in 


principle, is really a development comprising some- 
of the features of both the above machines, advantage 
being taken of 

those th at would /^\ 

best add to its 
capacity for 
making lace cur- 
tain.'', where 
speed and fsicil- 
ities for pro- 
ducing breadth 
of tlesign arc 
the qualities 
cbit'flv required. 

— W.“ll. 

Lachrymatory {Arrhffol.) The name given to a 
small \ase or ))liiid, generally elongaieil in form, 
found in .aneient Homan tombs. 1'ho name implies 
tluat they wu're intondod fm* bidding tears, but it is 
more i>robable that llu'v were intended for other 
purposes. 

Lacing The nnit)n of the ends of leather 

belting by m(‘aiis of thongs of leather passed 
lliroiigh pierced Imirs. 

Lacing Cord {Laoe MuJiufac.) C’oiton cord or 
hr.aid made upon the “<l(dry’‘ or braiding machine, 
for lacing da^'quanls togetliei. 

Lacing Course (/ffnhi.) A coursf of bricks bond- 
ing the imgs or siici'es<<i'’e coiiises of an arch. 

Lacing In (.Uinr7.) Parsing the ends .d‘ llic bands 
or colds to whieli t’ue book sewi'd tlirongb liolo.-i 
madti in ttie bnards. When ]'as^e«l through, they 
are hammered vvel) inr(» tlie bnaols, tlms attarhing 
the boards to tlie I took. X v‘ IbVXirs, BOARDS, and 
Knock iN(.- Do lijo.v. 

Lac Insect (Xonl.') belonging to the 

sanu* tiilM* as the Uim hineal insert (r/.r.) ; tvriorates 
the bark <»f tcqueal causing a,n (ixudation of 

lO'-in ( Lac). Shkll-lac the n^sir. is u'-od in 
making vaini'-hes, sealing wax, and laoquer. 

Laemoid {Chna.) rroi)!ible c-on-^titution, 

»U:0 

ffeddish browm, shining, ariiorfihou.s gTain.? ; soluble 
, in aleohol, acet.io acid, and les^ soluble in ether and 
! in water; insolnhle in chloroform and benzene. To 
' ])repare it, resorcin find gi-s.), sndium nitrite (5grs. ), 

I and w’ater(5 c.e.)are irradiially heated to IKf ; when 
I the reaction is rner, the heating is continued at 115” 
to 12tP; ammonia Is given off, and the product 
becouie.s blue in coleiir ; wrater is added, then 
hydrochloric acid till the blue colour is changed 
to red. The yirccipitatti is filtered off and w'aslied 
with a little watt*r. an»l dried at 100°. In dilute 
solution in alcMihol {'■2 gr. in 1(^0 c.c.) it forms an 
important Indicator (y.r.) ; acids turn it red, 
alkali blue. Uirbonic acid affects it, also nitrous 
;icid, and sulphuretted hydrogen decolourises it. 
Salts of the alkaline earths do not affect it. Laemoid 
paper can be usofl to titrate carbonates and 
.suljihides, also chromates (nomial chromates turn 
it blue, free chromic acid red). 

Lacquer (21cc,) Tt is by no mcan% easy to dis- 
tinguish between a lacquer and a varnish ; in fact, 
the distinction is more conventional than real. A 
lacquer generally means a spirit varnish, and 
especially those in which shellac is the chief solid 
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tsugredient. The solvent in a '* spirit vamisb “ is not 
necessarily alcohol, bat the varnish must dry by 
evaporation, and not by oxidation and resinifioation, 
as in the cMe with the fatty varnishes. The solvents 
used in the manufacture of lacquers are spirits of 
wine, oil of turpentine, tar oil, petroleum, ether, and 
benzole, and mixtures of these. Like any other 
varnish, a lacquer may be coloured, and any resin 
soluble in a volatile solvent may be employed in its 
preparation. Those most use<l are shellac, amber, 
copal, dammar, sandaraeh, colophon}’, asphalt urn, 
indiarubl)er, and collodion. 


LactaJbttmin ( Cluim,) A constant constituent of 
all kinds of milk ; Vmt it is always present in small 
amount. It resembles in general serumalbnmin, but 
differs from this in rotatory power, temperature of 
coagulation, and in solubility, Said to have been 
crystallised. 


Lactams Compound'^; simjlar to the 

Lactones but havirn; the ring closed by an 

Imino groux) (NH) instead of oxy gen ; e.g. 


CH.CHoCILCO is v-blUvro lactam. 




They are formed b.v heating the y and 3 amino acids, 
and on boiling with alkalis {(\g. NaOH) they are 
converted to salts of the amino acid from wbi<‘li 
they are derived (compare lAactones). Certain 
I^actams exhibit Tautoiueiism, Issitin — tlic lactam 
of isutinic aci- 1 . 

CO 


CO . coon 

IsAtiilic Acid. 




;(’0 


(^o 


Nil 

iHiitiu. 




>c.on 


Tauiniiicric Form. 

CO 


The form Cg'n^; C . OH is called tlic Lactim form. 


N 


Laoteala (/^onlogg). The lymphatic vessels found 
in connee.tion with the intestine. They contain a 
milky fluiii ((hiYJ.K), an<l arc ••oiicorned in the 
absorption of fats from the digested ftiod. 


Lactic Acid (rhcm.\ Oil,. CHOU . COOII . (a-oxy- 
propioiiio mid). A syrux)y liquid, soluble in w.ater, 
alcohol, and et her. It readily loses water on heating, 
forming an anhydride, 

.CH, 

CTI.ClTOHCOO.CCll 


The latto on distillation yields a second anhydride 
called hictide, 


CH,CH< 


COOC < 
OOC 


CH 

a 


3 


a crystalline solid. Heated with dilute sulphuric 
acid at 130*^ it yields aldehyde and formic acid. It 
behaves at the same time as a secondary alcohol 
and as an acid, e,g. oxidation with potassium 


permanganate changes it to a ketonio acid — ^py^vlb 
acid CHgOOCOOH ; iiydrobromic acid changes^, it tb 
a-brompropionio acid ; hydriodic acid to propionic 
acid ; it forms two kinds of ethyl derivatives^ viz, 

CH.CHOC^HiCOOn CH,CH0 HCOOCgHj 

Aloohol Derivative. Aoid Derivative. 

It occurs in sour milk, in the gastric juice ifk * 
dyspepsia, in saifcrkraut, etc. It can be prepared 
synthetically from propionic acid by heating the 
latter with bromine at 130°, and boiling the product 
for a long time with much water — 

CH/JHaCOOH Cll,CnBrCOOH 

rropionic Acid. a-Bi'orn propionic Acid. 

ClIgCHOH.COOH 

also from aldehyde by allowing this compound to 
stand with prussic acid and hydrochloric acid — 

/on 

/ OH 

GHjO - GOGH 
II 

In quantity it is j^repared by inverting cane sugar 
with tartaric acid, adding sour milk, putrid cheese, 
and zinc oxide. I’he process is one of fermentation, 
and the zinc oxide is added to remove the free la 6 tic 
acid in the form of the zinc salt, because the ferment 
ceases action if the acid is allowed to accumulate. The 
zinc salt isrccrystalli^cd, decomx'io&ed by sulphuretted 
hydrogen, filtered, coucomt rated, and extracted with 
ether. J.actic acid contains a symmetric carbon 



atom, H — C — OH, and accordingly exi^s in three 

coon 

forms. The synthetic acid, an<l that obtained by 
I'ormcntatiou, are both optically inactive; this form 
can be resolved by making the strychnine salt and 
crystallising it, when thi* he\o-salt separates first. 
The doxtro acid nccui> in the juice of muscle and 
in meat extracts such as i debig's; it is called 
^AUC()LAGTIC3 acid. 

Lactim {Chem.) JjActaais. 

Lactometer. An instrument for determining the 
speeitic gravity oi tnilk. 

Lactones {Chem.) Anhydrides of oxy-acids which 
iiavo the oxy-groui) sei)aiatoil fiom the acid group 
by two or three carbon atoms. Tiic former are 
c:ille.d 7 -lactones anti the latter 6 -lactones ; e,g„ 
GHjjOH . OH, . CHj . COOH is called 7 -oxybutyric 
7 “ 

acid, and it readily loses water and forms butyro- 
lactonc Cllg . CH., . CIL . CO, which is a 7 -lactone. 



The lactones are liquids or solids, soluble in watfer» 
aloohol, ether, which on treatment with alkalis 
ie.g. NaOII) give the sotlium salts of the corre- 
sponding acid. With halogen acids most of them 
yield the haloid acid, e.g. CIL(HLCHjCO + HBr ss 

Xo/ 

Cn^BrCHgOHjCOOH. The lactones are form^ from 
the halogen acids by distillation or boiling with, 
water; from the corresponding ketonio acids by 

22 





reduction ; from dibasic acids by reduction of the 
j chloride oc anhydride. As lactones are only formed 
%y 7 - and $-oxy-acids, it is clear that in the case of 
a snb.-fance of unknoswn constitution which either 
behaves like a lactone, or can be converted into a 
lactone, something can be inferred as to its con- 
stitution Thus camphoric acid forms an anhydride 
which yields a lactone on reduction : 

Camphodc Acid Anhyilildu. I^actouo (Cunipholidc). 

6 o that in campholide we may infer a ring of four or 
five carbon atoms closed by oxygen, e,g. : 

^ CH, 

J- i 


Lactose or Milk Sugar {CJum,'), CjJLjOij. Forms 
white rhombic fTystuls cuni.'iining one molet-uJo 
water. Soluble in writer; insoluble in alcohol. Its 
solution is dextro-rotatory. Lactose reduces FehHn«*s 
solution, also ammoniacal silver ; on .crentle oxida- 
tion it gives a monocarbo.xylic aeid — lactobionie 
acid ; oxidised by nitric ariil, it gives a dicarbox^lie 
acid — itinrdc acid ; it yiehls a characteristic osazone 
(sm OsAZONKS); boiled with dilute siilphiiric acid, 
it gives dextrose and galactose; it forms an octt>- 
aectate. These facts show that it is a hexahydric 
alcohol and also an aldehydie. It is much less sweet 
than cane sugar. Lactose occurs in the milk of 
mammals: human milk contains about 5 per (‘(‘in. 
and cow's milk :i‘X per cent, on an average. L.iciose 
is pre[)arcd from milk by coagulating the ]troteid 
4 ad lition (>f a little slrorig acid) and evaporating the 
wliey to a syrup, w'hen crude lactose will eryslallise 
out on standing in a cold place; it is reery.-tallisc'd. 
It gan be ohtainesd very -pure by dissolving in wafer 
;^n(l"pre(;ipitating it with absoliitci alcohol. 

Lacunar (Arrhifrct.) A sunk compartment or 
panel in a ceiling, etc. 

Ladder Rack (^Vzj /7 Awy.) Mountain Rail- 
ways 

Ladies (Uuild.^ Roofing slates measuring ](> in. 
by S im 

Ladle (-1/(7.) An iron vepsel, generally lined with 
fin^elay, used for conveying nuditcli metal fumi the 
furnace to the moulds. Ai^o fin iron sj*oon u.-*ed ffu' 
holding molten lead or other n.ctid, e.ff. for fixing 
iron railings', etc. 

Lmvorotatory Compounds (-'oiiipound*^ 

which rotate the ijhme of pulaii-ati ui of a jdano 
polarised ray of light to thf? left. Sre PoLAitiSKi) 
Light. If the sub.stonee i.s a solid, it is oxaniincd 
in solution in a suitable inactive solvqnt. 
ASYMMETEIC ('AllBON Ato.M. 

LflBVulinic Acid (CUmh.) /^-a^etopropionic acid, 
CII 3 CO . . COOH. Wliite solid, crystal ii-^ing 

7 jS a * 

in scales; rnelLs at decomposes on distillation 
at the ordinary pressure, but distils uncliaiigcd at 
144° under 12 mm. pressure; very .Holuble in water, 
alcohol, and ether. It is obtained by boiling 
lasvulosc, or any sugar w!ii<jh yields huvulose on 
, hydrolysj.s, with dilutci sulphuric acid. Synthetically 
it ia^|>repared from etiiyl acetoacetate by acting on 


the Bodium derivative with ethyl monochloracctate, 
and boiling the product with baryta water : 


CH, 

CH, 

CH, 

CO 

1 

CO 

CJO 

c\u 

j 

CITXa 

j 

ch;oit,cooCjH5 

j 

COOCjHj 

j 

COOCJl^ 

COOCjH. 

Ethyl Acetosuccioate. 



CIT,. . CIL, . (’0011 

I-awiiJinic Acid. 

As a 7-ketoni('! acid, lajvulimc .acid lias the reactions 
of a ketone ; thus on reduction it yields («) with 
."odiiim :imalg.am 7-nxyvalei ic aeid (.\a — .salt) ; Kh) 
with hydriodic acid it yields norni.'il v.ilevic acid, 
\Vith Jiydrocyanic :uiid, hydnjxylamine, and jihenyl- 
hydrazine it bclia\es like other ketiincs; tlie 
phenylliydrazine derivative yifdds an iiidwlc deri- 
vative wlicn heated with zinc choridc: 


iJOOC . CIL, . (TL 


IICXX; . CIL 


a-Methylimlolr*. '^-Aeolic Acid. 

J converts Ije.vuimlc aedd into tuethylthiophene: 
IK' ( .CTI, 1J(^ - C.CR, 

Oil ^ j 

i "11 I /' 

Ilf - C.OJl nr - c.oil 

TanUniKMK «.f II\iho.\yjiiutbjlthioi)liene. 
uliuic 


111 ’ = c.cn, 

^ \ s 

}:t.*zbKOor» / 

lie ClI 

.Miul'j I'liiojtliom-. 

LsBYulose, Fructose, or Fruit Sugar {Chem,'), 
CJLOJI . (CJli )J I ),CO . ( 'H ,011. A wliite crystalline 
.solid (fine silky" needJe.s); melis at 1)5'"; readily 
.soluble in water; sweet taste, as sweet as cane sugar. 
It oeeur.s along with dextruse in all ripe fruit.s, also 
in hoiKiy. It can he prepared by inverting cane 
sugar by a dilute aeid Milfihurie acid), eooling 

to 0 ^ and adding Blaked linuj ; on shaking, the 
sparingly .soluble lime -comijound of hcvulose 
.separates out, leaving tlie more soluble dextiosc 
eomjzouud in sifiution. After filtering and pressing, 
tlie lime compound is cleerzinpo.scid by suspending it 
in water and i)a.ssing carbon dioxide through the 
lifpiid, when the calcium is separated as carbonate 
and Jjcvulose remains in solution. On ovajioration 
the licvulo.se remains as a syrup which cry^stallises 
witji difficulty. Lievulose isaKo obtained pnre from 
inuiin by liydrolysing the latter with water. It can 
be obtained from dextrose by converting the latter 
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into fcho osazonc, hydrolysing the latter with strong 
hydrochloric acid, and reducing the product : 


CHjfOH 

1 

CHjOH 


((jnoH), 


HCl 


I I 

CHO . CiX.NH.CJij 

lk‘ iN.NTT. CgHs 


CH,OH 

lit’ : JN ..MI . t’cHj 
Phcnylfslucosiizouc. 

CH..01I 

(i’HOH), 

1 

1 

n ((Jiioii), 

CO 

1 

1 

CO 

CHO 

j 

CII, on 

tilncoBond. 

Lievulotio. 


Hence Iflevuhjse can be synthesised. Scf Dextrose 
iznd OsAZONES. Lievulose i.'s la'vorotalory ; it.s 
dextrorolatory modilication w known and the 
racemic variety is the suithetic siij^ar a-acrose (.see 
Dextrose). As an alcoliol laivulose forms esters 
with acids or a' id anliyd rides, etc. ; cjj. aci^iicaiiJi}- 
dride and sodium acetate yield a penta-acelatc, 
while benzovl chloride ami caustic soda yield a 
pcntabenzvijile ; \sitli akvdiols an<l piseoiis bydro- 
(diloric acid it yields others; with metallic oxides 
it yields compomnis of the same typo as the 
iiK'thoxidos and ethnxidcs ; e.//., ('JJiDc^CaD 

As a ketvinii alcolioi’ it yields 
on reduclinn the hcxahydiie. ah’ohol mannitol, 
(nT.,011(CH0H),CIJ,0H ; on oxidation it yields 
triox> butyric and j^lycollic aci<l.s, Cdl Dll . CUOll 
('llOH .roOIT and C’llDlT , (’01)11 ; with hydro<?en 
bromide in presence of ether it yields a-brommetliyl- 
Xurfaraldchy<U‘, 

(’ll = OH - (’H..r>r 

i ><> 

CIT CII fllO 

With hydrocyanic acid, hydroxy lamine, and ])hrnyl- 
hydrazine it bclunc** as a ket-oru*. Tlie comj»ound 
with hvdrocvinic a<dd, ■ 

/OH I 

CILOn(CJl()ll),.(’\tN' 

^rn,OJi 

on hydrolysis and rodm^iion witli hydriodic acid 
yields methylno^malbut^l aietic acid, 

I 

- (: _ II 

i 

roDH 

\Vith excess of phrnylhydrav.ine he\idosc \ieldb the 
same phcnylgliicusazone as d(3xtro.se. Lxvnlosc re- 
duces Fehling's solution and amiiioriiacal silver, 
and ferments with yeast like dextrose, but Icss 
readily. 

Lag {Weaving'). A strip of wood containing peu 
forations into which ijclts arc insertcjl, and wlncli 
determine the hcald shafts to be lifted or lowereti. 

Lag and Lead (AVer/. A7;//;.) Jf a. varying electro- 
motive force act in any circuit, the ( urrent produced 
will not ill general be com]>letely in st(*p with the 
K.M.F. The maxiniUDi value of the current may be 
attained either before or after the maximura value 
of the E.M.F. Thus in the commonest case of a 
varying that of an alternating current, a 

difference of phase is produced between the current 
and the E.M.F. Let R be Uie resistance of the 


circuit, L its self-induction ^ capacity; 

and p = 2ir« where n is tlic frequency. ;^hen the; 
angle of lag, 0, is determined by the equauon 

tan 0 s = ^ 

iir 

If plj be greater than the difference of phase 

is positive and the current lags behind t'lie E.M.F., 

while if bo greater than ^;L, the difference of # 

phase is negative, or tlicrc is a Lead in phase. If 

there is neither lag nor lead, and the 

impedance (q.v.') is equal to R, and the current in 
tile circuit follows Olim’s Law. 


Lagen ( Arehceol.') A liquid meiisuro at one time 
in use in England, equal to about seven quarts. 

Lagging {Lhtg.) (1) The process of covering a 
boiler, tylimlcr, etc., with some non-conducting 
ni-uterial in order to prevent loss of heat. (2) I'he 
inaierial itself which is used in this process. (3) 
I’ieces of wood, etc., used in covering or building up 
large cylintiriral obj(iet'^, ^'.(7. wooden drums, patterns, 
the centring on which arches arc erected, etc. 

Lagging Back (Weariftg). The openition of 
reversing the jiattcrn chain with the object of 
removing defective picks, etc. 

Lagging of Tides ( Asiron,) At the time of neap 
tiile.N the iiiteival between the corresponding tides of 
Ml' cessive days is greater than the mean, and the 
tide is said to lag. 

Lagos Rubber. See Caoutchouc and Rubber. 

Lagre {Gla.ss Manvfac.') A sheet of glawss placed v 
upon the flattening st(»iie to prevent scratching in 
the Ilia nil faclurc of SiiKET GLASS. See Glass 
:MA.\’urACTi-RE. 

Laid Paper. Writing paper showing the wire ^ 
nuuXs, shglitly ribbed. ('/. Wk)VE PAPER. 

Lakes {Dyeing., Dtc.., etc,) The -word lake has 
two lucamiigs. For the dyer it means an insoluble 
• olour c< till pound formed on the fibre. It also means 
(f/) a pigment consi.sLing of an insoluble white solid 
or carrier ” dyed by some natural or artificial 
oiganicdyc; (/>) a coloiii*cd inccipitate got by pre- 
cipUaling siu'li dyes with metallic salts. We restrict 
ourselves to the e.on.sideratiou of lakes in the senses 
(//) and {h). The exact nature of the lakes we are 
concerned with is not accurately known, Ii no doubt 
varies, some of them probably being derinite chemii al 
compounds, others mixtuivs. The fact that acid dye.s 
will cianbiiu; with a metallic oxide as the latter is set 
free by an alkali (the apiilication of which fact to lake 
making we shall soon sec) would apptjnr to favour 
the idea that at least the lakes of aciii dyes partake 
of the nature of salts, and may I’nerefore be definite 
compc'unds. Lake piiginents for artist s were formerly 
m;ide by dyers from waste lac dy^e liquors (cochineal), 
and this is the origin of tlie name. A purple jngment 
was also prepared, says Pliny, from the scum of the 
baths in which 'J'yrian purple was dyed. An enormous 
number of lakes is now manufactured, and we can 
only licre give some brief account of the principles 
of their formation, illustrated by a few examples. 
There are, then, two distinct methods of producing a 
lake. One is to mix a dye solution with one of a 
metallic salt, and then to precipitate the metalp 
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whereupon a precip^thtion is formecl which entangles 
colouring matter aiid brings it down from solution 
in some way not well understood. If the metallic 
precipitate is white by itself, the colour of the lake 
may Be duo to the organic dye only ; but the case is 
clearly different if the metallic compound has an 
independent colour of its own. The other method 
is to use a carrier in the solid form, and to thniw 
down the organic dye upwn it with a suitable precipi- 
tant The chief CABRiEits used are china-clay, 
baiytea, starch, gypsum, chalk, talc, red lead, and 
hydrate of alumina. This last method is the one 
chiefly employed with the basic dyes, and in ils 
application the choice of a carrier is of very great 
importance, as any given dye has a carrier which will 
give greater brilliancy of hue and greater covering 
power than any other insoluble substance. The old 
madder lakes were exc<dlcrit examples of the first 
method. Madder infusion w-as mixed with alum and 
precipitated with carbonate of soda. The lak(‘ was 
'then filtered off and washed. Hrazil wood lake is 
made in the same, way, alum and 1 insalt being added 
to the decoction, and then ])recipUatcd with soda. 
Most modern lakes arc, however, made, by the second 
process, or by a combination of the two, in wi ich 
the carrier is thrown down separately, and tnen after 
washing is dyed with a .solution of the dye. An 
ALrZARi£;£ Lake can be pjejared by dihsolvitig 
100 lb. of alizarine )>cr cent, jiustc; in caustic 
soda, diluting largely, filtering if iiecc.ssary, and 
adding a solution of 50 lb, of alum and >1 lb. of 
chloride of calcium in 80 gallons of water. A 
coloured lime alumina lake i.s thrown down. The 
same lake can be prepare !, to give an in*- lance of 
the combination al>ove alluded to, by preeijutating 
8 ulph<ate of alumina to which a lililc chloride of 
calcium has immediately before been addotl, with 
.carbonate of soda. Tjic prccipilato of alumiiiic 
hydrate, and carlmnaK? of lime is then dyed >»> 
heating it witli alizarine paste mixed with 'lurkey 
red oil and a little tannin. Wai.l Tapeh I.akes 
are prepared from ba.*.ic dyes by tin owing them d(AVji 
upon a cai rier of blunc fixe (precipitated barium of 
sulphate), as no other carrier gives a lake with equal 
body. For La«1C Dyes in general, however, tl e 
carrier ino.st us<;d is kaolin or pctrcelaiii clay. In 
some ca.ses the carrier becomes <fyed sufhcitmtly wadi 
by being merely stirred up in the d;,c solution, hut 
in most cfi.'jes the action of a sepajute ]irecipuaiu 
of the dye is e.sscntial. Alum, either al me or 
reinforced Nvith carbonate of sofla or tannin, is 
used for the purpose, M.ari} lakes are made with 
tannin. A solution of alum, or of any .-suitable 
metallic salt, is taken, the currier i'l .stirred up in it 
with the dye solution, and the wliole is then precipi- 
tated with a solution of tannin. For ba-ie grecui 
dyes quercitron answers l>eltor than pure tannin, as 
it gives a lake of a better cohmr. The order of tlie 
operations may be varied. The carrier may be mixed 
first with the dyo solution an<l the luiinin, adding 
the metallic solution last. In either case chalk or 
carbonate of soda is used to complete the precipita- 
tion of the metal. These I’annin Lakes have a bad 
reputation with oil painters, as they artj said to be non- 
tlrying, but they answer veiy well for wall papers and 
water colour painting. As an instance of the u.se of 
a Coloured Cabbieb, the production of violet lakes 
by precipitating a red dye on to Pmssian blue may 
be mentioned. Azo Dyes are precipitated on a 
carrier with a salt of lead, calcium, or barium. Here 
the carrier may be used alone with the dye solution, 
or sodium aluminate or carbonate may be also added 


before the precipitation. The carrier is usually 
blanc fixe in paper staining and heavy spar for 
paint. Eosine Laices are much prized for their 
bright colours, and some of them (venuilionettfes) 
are used as substitutes for vermilion. Lead salts are 
used as preoipitants, and in some cases red lead is 
used as a carrier. One method of making the lake 
is mix a paste of hydrate of alumina with a 
‘.solution of eosine, and then to add a solution of lead 
nitrate. Various other cosine lakes of differing 
shades are made by precipitating the dye on a carrier 
of porcelain clay or starch, by alum;* or by using 
a carrier compound of a mixture of red lead and 
gypsum ; i>r by precipitating with salts of magnesium 
or zinc. Lakes be well washed after making, 
till all th.at can dissolve lui^ been, removed. They 
are .sold in powder, in paste, and also in blocks. 
There seems to b(t hardly any limit to the possible 
nurnlxir of lakes, and their manufacture ha.s become 
quite a fine art. 'J’hey are procurable in hundreds of 
dilTorent colours and sbadt's, prorluccd by vaiying 
the (lye, priiciiutani, and carrier, as well as the con- 
ditiiiiiH (»f Uiiiipcriitinv, degn^c of concentration of 
the solution, etc., under which Ihe dye is separated 
out in the .solid form. 

Lakes (frevL) Local expanses c-f inland waLjrs- 
whirl I me usually (‘aused by some sptK;ial conditions 
in one part of tlie (‘lianncl of a slroam.and are essen- 
tial iy qiiile teiiiporfiry in (character. 'J'hey are due to 
variou.v*s causes, amongst wldcli are ( 1 ) the formation 
of a barrier of sottie kind, which forcc.s the water 
back; ( 2 ) a local subsidence: (.’J) mechamcal 
crorioii of }>art of the river btd, such a^ is caused 
by glacial action ; (- 1 ) to the iilling, by water, of the 
crater.‘% of recently (‘xtiiict volcanoes, etc. 

Lalande'B Cell ( /v/tv Ncc Cells, ruiMAUY. 

Lamboys (Jrift.) A kind of st u*! skirt remdiing 
from the w;dst to tlie knee, .'onl soimtime,-. forming a 
part of l>ody armour of the Tiuior j.eriod. 

Lambrequin or Mantling ( I for, ) A small mantle 
attached to ti)(‘ helmet. Ji js (db-n arranged so a« 
to form a baekgiuund for the sldeid. and the whole 
forms the aehievcii.ent. 'L appears jagged at the 
edges, as the uclnal mantle woni by knights in battle 
btM'amt^ JTjurh cut .'ind to’ ti. 

Lamb's Tongue {JohuTif), A flat ogee moulding 

u-:lm 1 on sasiies. 

Lame {Silk Mamifat'.) See Heddle. 

Lamina, pi. Laminse. A thin laytu- or plate of 
metal, toek, tissiu*, boiu», et'-. 

Laminated Work (('arp. 'tnd Join.) Curved 
ribs or lAlior structures eoustructed of thin boards 
nailed together side by side. 

Lamination (7iW. ^>*< 7 ., etc,) Building up with 
flat stTijw or plates. Cores of transformers (jq.v,') 
and many other inm parts of f-Jectrical machinery 
j are lain inal (id in order to prevent the production of 
induced or Foucault Cukuentb (g-.r) in the metal. 
Tlic planes of division arc arranged to lie parallel to 
the lint^.s (jf magnetic forcij v;hich run through the 
iron, and at right angles to the direction in which 
finy induced currents W(juld tend to flow. By tlAis- 
meau.s the path of the magnetic lines is unbroken,, 
while that of the Foucault currents is interrupted 
and the currents are thereby reduced to a minimum. 

{Geol.) An arrangement of the structural 

planes of a mineral or a rock in such a manner 
that th(.*y' form thin parallel plates 'or laminte. Thus 
nearly all coal presents typical examples of lamina*' 
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tion, whioh i$ due to repeated alternations of thin 
sheets ‘of cherry coal, cannel coal, and mother of 
ooal,” 

XiaBi}>hlack« An impure form of carbon obtained 
by the incomplete combustion of substances such as 
tuipentine, tar, fractions of petroleum not useful for 
other purposes, .all of which are ricli in carbon. The 
process may be imitated by lurninj? up tbe liame of 
a.n ordinary paraffin oil lamp till it “sm< ikes'* 
strongly — that is, till the air supply is insufficient fur 
the complete combustion of the oil. J.finipblack 
consists of about 80 per cent, carbon, the other 
SOxjcrcent, being composed of nnebang^ d substance 
aiid^ products of its clecornposition by heat, in 
presence of the limited air su})[ily. Soot is the 
most familiar form, but its strong inv-wn tinge is 
fatal to its use as a pigment. The br<mn colora- 
tion is due to other products of partial ooinbuslkm, 
and for lampblack iiianufa<‘lnre combustibles are 
chosen which give, less of these intermediate* piM- 
ducta. Oils are generally employed, and the soot 
obtained is freed from the brown siibst^ariccs by treat- 
ment with acids and caustic alkalies, till nothing 
but <locp black pure carbon is left. Lariijiblack is 
the pigment of iTiiKTKiis’ Ink and of CHlNEaK or 
Indian Ink. 

Lampoon. A vii'ulcnt satire, in prose or yjoetry. 

Lanoashire Boiler ) iSVc lioi leks. 

Lanoe A weapon con.sisting of a wooden 

shaft, sliapod at the j 'art where it was held and ha^ing 
a pointed metal head, b'sed almost imi\C!‘-allY and 
in all ages, but especially by knights in the Middle 
Ages. Also a weapon used in the whale fishery for 
dc.spatching the whale. 

Lance Rest (.1 Auw.) Tn the jieriod wlien armour 
was worn The lance re.st eonsistetl of a bracket li;;td 
to the right side of the breast] ‘kite. Tire lanee now 
has a strap attached, tliroiij;h,\vhich the arm hs passed. 

Lancet (A reh The name of one of the periods 

into wliich Sharpe divid(*d Englisli (lothie Aichitec- 
turo. His divi.'‘ion is bused on tlic form of the 
window, and Lancet-shaped or a^*ute pointed 
windows are chanicf eristic of the first part of the 
Early Englisli period; the d.ites given by Sharpe 
being from 11 90 to 1245 a.d. /SW’ CX’Kvilinear and 
Eakly En<ilis}[. 

Lancet Arch {Build,) A pointi’d arch, having 
the radii of the segments longer than the .span, 

Lancewood. See Woods. 

Land and Sea Breezes {MetenroK') breezes blow- 
ing inland during the day and out to sea at night are 
oornmmily found at the sc'fi coast in hot countries ; 
the former is tcrmcfi a Hkeeze, the latter a 
Land Breeze. T’hey arc commonly explained by 
the land being the hotter dining the day; cool air 
rushes from the sea to comyionsate for the rare- 
faction thus ciin.scd ; at night, the land cools more 
quickly than the sea, an<i an air current in the 
reverse direction is thus caused. TLiis explanation 
is, however, incomplete. 

Lander {Mining), A man who empties a kibble 
as itoomes up to the surface. 

Landing {Build,) A horizontal platform at which 
.a flight of stairs starts or finishes. 

Landing Bar {IJiCfi Manufac,) A bar peculiar 
to Lever's machine, to which the ciitch bars are 
attached. The two combined hohl, .support, and at 
the 0am6 time forward the carriages through their 
required movement. 


Landolplila (JBttwuy), Climibiiig plants belongit^ 
to the Dicotyledon order Apoeynaoea^ jguad natiTOUt' 
of Africa. They are the source of part of the rt^ber 
(“ African rubber ") of commerce. 

Landscape {Art,) A picture representing some 
view nf natural inland scenery. 

Landslip {Oeol,) An accidental displacement of 
a mass of lock by which it has been transferred from 
the surface at one part, to that of a yiart near. 
Landslips are generally due to the undermining 
action of water in weakening the sujipoit which has 
previously kept an upper bed of rock in its place 
on a slope. A land.slip may occur on a scale of 
almost any magnitude. 

Langsam (JLmc). The German equivalent for 
Adagio {fj,v,) 

Langued {Jlcr.) When the tongue of an animal 
or bird appears, it is “ langued ” and the tincture 
given when tlifreving^froni that of the beast. 

Langue de Boeuf {Arnhit), A weapon of the 
halbcnl or partisan character, carried by bodyguards. 
'1 he broad blade was supposed to resemble the tongue 
of an ox, hence the name. 

Lanolins {CJirm,) A xiaJe yellow semi-solid; 
siipaiatos into water and an oil on warming. 'The 
oil is purified wool fat, and consists of fatty acid 
fstors of cholesterine (y.r.) and of an isomeric 
compound called isocholesierine. It is obtained 
from shccp’.s wool by washing the wool, then pressing 
it while hot, and treating the fat with alkalis to 
remove acids ; alkali is removed by washing with a 
dilute mineral acid. Used an ointment. 

Lantern. Ser Optical Lantern. 

Lantern Light {Carp, and Join.) A glazed light 
fixed on t-p of a roof, and having sashes at the sides 
and end.'> as well as the top. 

Lantern Objective. An achromatic lens or 
cornbinaiiou of knses, jiiaced at tlie proper distance 
in front of the slhfe or other object to be exhibited 
on the scrern ; it is the part of the optieal system 
whicii actually produces the image on the screen. 
Toe objective of an onlinary lantern is supported by 
I a tube projecting from tlie front of the lantern, and 
1 i.s provided with a rack and pinion V>y means of 
which it may i>e mo\cd backwards and forwa,rds in 
onier to focus the picture. 

Lantern Pinion ( Chchs), A pinion the leaves 
of which are cylindrical rods fitted betw'een two 
circular plates. Advantageously used in the going 
trains of turret clocks, ikw PiNiON. 

Lanthanum, I.a {Chem.) Atomic weight, 138. A 
rare metal belonging to the same group of elements 
as aluminium. Its compounds resemble those of 
aluminium, and they have similar formulae; unlike 
aluminium, it burns in hydrogen at 210®, and on 
heating it in nitrogen it forms a nitride. It occurs 
in the rare earths Cerite, Cadolinito, Yttrooerite. 
Some chemists arc of opinion that lanthanum is not a 
single eleiiiout. Lanthanum has a complex and 
charact eri sti c specir u ru . 

Laocoon (Sculf>.) The ffimous group in the 
Vatican representing the Trojan priest Laoooon and 
his two sons enveloped by scn»orits. Regarded as 
a masterpiece of anatomical knowledge and realistic 
expression. The group was discovered in Rome 
about 1506, and is attributed to sculptors of the 
Rhodian school. 
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Lap The distance that roof slates or 

tiles overlap the next course but one. 

— (^Eng.) (1) The distance to which plates in 
a Lap Joint (g'.P.) lie over each other. (2) A piece 
of soft metal or wood, coated with fine emcjry or 
some other powder, used in finishing off polished 
surfaces of hard metal. (3) The form given to a 
slide valve in order to cut off the steam at a given 
point. See Slide Valve. 

(^Textile Ma7iufac,') The fleece of wool as it 

is delivered from the condenser, or it may bo the 
narrow width of wool from the scribbler or inter- 
mediate, conveyed to a subsequent machine by what 
is known as the Scotch Feed. 

Lap DoYetail {JohieryX The form of dovetail 
used in drawer fronts; the joint is invisible from the 
front, but can be seen on the board forming the side 
of the drawer. 

^ Lapis Lazuli Sodium and aluminium ort ho- 

silicate and sodium sulphide, Na/NaSg . Al)Al..Si 
Cubic^ but rarely in crystals; more often inassj\<;. 
Blue. It is used as an ornamental stotm, and also 
constitutes, when powdered, the pigment ultramarine. 
From xSiberia, China, Hungary, etc. An artificial 
pigment, of ncnrly the -^ame composition, has now 
replaced the mineral as a pigment. 

LapithsB {Sciilj?.) A mythical Thessaliun race, 
represented on the mcto])es of the railheiion nhittle 
of the Lapithai and (’eiitaurs). Elcun Marbi.i:s. 

Lap Joint {Eng.) A joint between two plates, 
one of which lies over tlio other for a sliort <iistancc : 
the two are fixed together by rivot.s or bfdts. 

Laplace's Formula for the Velocity of Sound. 

See VELOCITY OP .SOCND. 

Laplace's Nebular Hypothesis (Astron,) An 
hypothesis which eoritcnds that tlie solar system 
has been formed from a \ast glowing mass of gas 
extending beyond the orbit of Xcpiune, which lias 
gr.adually contractor!, leaving behind rings, which 
have cventmilly formed the planets. 

Lapped Valve {Eng.) A slide valve with lap. 
See jSLiDE Valve. 

Lappets {Cotton Weaving). A cheap im*tbod of 
ornamenting cloth by moans of extra Mar]) or whip 
yarn. An imitation of embroidery. The mechanism 
is attached to the loom; there are two forms, viz. 
the Scotch or Cam, and the LANCAriHiKE or 
Lattice. 

Lapping {Linm Manufao.) When the cloth is 
bleached and fini.shed, it is cut to lengths and folded 
up in various Mays to .suit tho market for which it is 
intended. This is called lapping. 

Lap Welding {Eng.) Joining two pieces of 
wrought iron or steel by laying tlie end of one over 
the other and wehiing tljem together ; it is the most 
usual way of making a Melded joint in the forge, 
and is also employed in making wrought iron tube 
wh.ioh is wielded at the seam. 

Lap Winding {Elect. Eiig.) One of the methods 
of winding the armature of a dynamo in which all 
the windings lie on the oiitsMc of the core. Tfie 
elemei^ts or loops are so arranged as to overlap one 
anotlicr. See Winding op Armatures, 

Larch {Botany). The bark of the larch, Larix 
europaa (order, Coniferts), is used in tanning. See 
Woods a7id also Venice Turpentine. 


Largamente^ {Mu^ic). lu a broad, dignified 

mantuir. 

Large {jilusic). See Notes. 

Larghetto {Mnsh). A diminutive of Largo,. 
somcwiiaL broadly. 

Largo {Music). Broad, dignified. 

Larrying {Build.) Bedding the inside bricks of 
a thi(‘k wall in thin mortar. 

Larva (Binl.) A term applied to the embryo of 
certain aiiimal^, i.e. the oiganism in certain of the 
eaily stages of its life, alter it is freed from the 
ovum, but befon* it :ittain.s its adult form, e.g. a 
caterpillar is the bARVA of an insect. 

Lash {Silli Manujac.) See COUPLING. 

Latch. A contiivaiicc for fastening a door, etc. 
opened eitlier by hand or by means of a key. 

{Artm). Another name for the Orossbow 

iq.r.) 

Latching {Surveying). Set Dialling. 

Latent Heat (P/iya.) The quantity of heat 
ncci;>sa)*y to product' a change in the piiysieal slate 
of unit iuuns of a substance, witluuit pnMlucing any 
• ‘hange in teni]>eratuiv, e.g. 63<j calories are necessary 
to turn 1 gram of boiling water into steam at 100° ; 
therefore r>3t» is tlie latent heat for tho physh-al 
change' inv(d\e<l, i.5?, tlm vaporisation of watf'r. 

Lateral Canal {Civil Eng ) A canal running 
hetM'cen two yjoitUs in a river’s course, to provi<lo a 
j n:t\ itrablo i;}janricl where ifie i)ar: of the river itself 
I is unsuitable, owing to shoals, rapids, etc. ; or to cut 
I off a long bend in the river. 

I Latex (Botany). The milky saj) of laticiferous 
I tissue occur! ing in certain natural orders, ft i.s of 
economic iinportamu*, as it oontains gum resins, 
tallnin^, gums, ctr*. Stx also Kuurer. 

Lath. See Laths. 

Lathe {Eng.^ eta.) A lathe is a machine primarily 
intended for tlie y)rodiict ion of ^ ircular objects. The 
materuil to be sl)apcd is (‘a;i.sed to lovohe about a 
ghen axis, and a tool i.'Si lit Id in a suitable position so 
as to oi>erate continuously on tlie Mork es it revolves. 
The simplest form is ttie Dead CfiNTicK Lathe, 
in which tlic maicrial is supp'>rted betw’oen two 
Centres or pointed pieces of nu tal fixed in suit- 
able supi)orts. Iltdalory motion r.s communicaied 
•Urectly to tho material by means of a cord or belt. 
In the primitive Pole Latitl: a t^ord is MTapj)otl 
round the work; the loNver end is aita'jhed to a 
treadle, whicfi is pressed dowm by the foot, OJiU.sing 
the work to revolve in the required diret'tion. Tj o 
upper end is attached to one eud of a long pole, 
wlio.so other end is fixed, so that the pole l>ends 
during thcj downstioke, and when tlie pre.ssure of 
the foot is removed the iiole straightens and rai.ses 
the Cord w'itli tlui attaclicd trea<ilo. As the work 
nece.ssarily revolves in the reverse direction during 
this up.stroke, the tool is withdrawn until the next 
doMrn.stroke commences. Tin ^ primitive appliance is 
still in use in certain industries. The watchmaker’s 
Turn Is a small deail centre lathe, accurately con- 
structed of metal, and can be used for very exact 
and delicate work. In the ordinary form of lathe 
ffig. 1) the rotatory motion is imparted to the work 
by a revolving spindle or Mandrel which 19 sup- 
ported by a coned bearing at B and an adjusting 
scroM^ K in a fixed Headstock h, and driven by a 
belt passing over a Coned Pulley o keyed on to 
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the mantlreL The connection betw^n the work and 
the mandrel is obtained by some form of Chuck 
screwed on at D, which may entirely support the 



mateiial in certain cases, or may support one end, 
and at the same time impart a rotatory motion to it. 
In this cn.se the other end of the material is suj^ported 
by a pointed OuNTRii K, came* I by the IjOOsi-j Head- 
stock or J'OPPiOT Head p. Thi.s slides alonK the 
bed, but can be fixed in any p,iveii position by mt'ans 
of a bolt- <t, whi -h usually pa^-ses \erticMlly down- 
ward t’jrough the slot bi tweL.n the two cheeks or 
members ol Mio bod. The ccntri* is thczi piessod 
aj^ainsl the work l»y nicajis of the sliding Under 
K, which sn]»pnrts it ; motion is eommuiiiented to k 
by means t)r a s<Tew, on which is keyed the hand 
wheel L. 'When the centre V is s^Towed up so as to 
pr(‘.ss suflicuMitly liglniy against the w<*ik, the sliding 
cylinder K is clamized in position by means of a 
screw M. Tn hand turning the tool is st<‘a<lied by 
resting in on a T JIkst N;’this enn be lixed at any 
point along the bed by meaii> of a boit Q, and can 
be raised and lowered in its so- kt- 1, and ehimpe<l at 
any desired heinht by the set .sen w shown at o. 
The bed is u.‘'U.illy an iron casting whose cross 
stjction is of tlic lorni shown in 
fig. 2. A, A ate the tNvo main 
members, or claTks, united at 
the ends and stin'eni.‘d at inter- 
mediate proiits by webs, one of 
which is shown at B. T1)0 upper 
surface is made as truly pin no as 
po‘=!siblc, and provided witli two 
V-shaped edges. The j)op]»et and 
rests fit tljcsc V edges, arnl are 
kept in place V>y them. In Foot Lathf.S the ]uillcy 
is driven by a belt running <wer a heavy flywheel, 
whi(di is carried f»n a eiank shaft supported on 
bearings fixed to the standards (or legs), and rotated 
by mt'ans of a treadle ; in Fower Lathes a 
countershaft (</.r.) is usually lixeil immediately over 
the lathe, being driven by a belt fixnii the main 
shafting of the shop. In some modem work.shops, 
however, each lathe is driven by an electric motor, 
which may be ('onneeted directly to the hoadstock. 
Lathes intended for heavy metal work are usually 
provided with Back 
Gear ; this is shown in a 
diagrammatic form in 
fig.!?. A, A i.s the mandrel; 
a pinion B is rigidly fixed 
to the coned pulley c, 
and the two cun turn 
together loosely on the 
mandrel. A shaft D, D, 
parallel to the mandrel, 
carries a toothed wheel 
E and a second pinion F, 
both being keyed to the 


shaft, which can bo moved parallel to itself so as to 
bring B and £ into gear with each other or draw them 
apart. When B and £ are in gear, the pinion F,gearS 
with a second toothed wheel G, which is keyed to the 
mandrel. Thu.s the latter revolves at a rate much less 
than that of the pulley when the gear is in action. 
When, however, a high speed is required, the shaft 
D is drawn back by mechanism provided for the pur- 
pose, and the toothed wheel o is locked to the pulley 
c, so that the mandrel then revolves at the same 
rate as the coned pulley c. Metal turning tools are 
rarely held in the hand, except in the very lightest 
work, but are supported in a Blide Rest, which is 
attached to the bed uC the lathe ; by this means the 
tool is rigidly held, but can be given a linear motion, 
parallel to the axis of the bed, and a second linear 
motion at riglit angles, Slide Rest. In Screw 
Cutting Lathes the slido rest can be moved along 
the bed by means of a long square threaded screw 
parallel to the bed. This screw is caused to rotate 
by means of a train of wiieels connected to tl:e 
mandrel, so that the slide rest, and therefore the 
tool, move a given distance during each rotation of 
the work. 'I'liis distance depends upon the relative 
velocities of the mandrel and leading screw, and 
therefore upon the number of teeth in the gear 
wheels by which tlie two are <Jonnected. A set of 
gear whcils, or Change Wheels, as they are 
termed, forms part of a screw c,utting lathe, ami 
by choosing suitable combinations of these, prac- 
tically every thread required in ordinary work can 
be cut. In Self Acting Lathes motion can be 
communicated to the slide rest by means of a shaft, 
termed a Back Shaft, running along the back of 
the bed ; this is so connected as to give either a 
motion i ‘rallel to the axis of the bed for Sliding 
or a motion at right angles to this direction 
for Surfacing (<y.r.) The size of a lathe is usually 
denoted by the radius of the largest piece of work 
whicli it wdll take in : tliu.s a 5 in. lathe is one 
in Avhich a cylindei of 5 in. radius (10 in. diameter) 
can be turned. The lengtli of the bed bears no 
nec-essary ratio to this radius; but in many lathes 
the bed is ten to twelve times the height of the 
centres, e.^. a 5 in. lathe usually has a bed 4 ft. 
or 5 ft. long. In latlies for special purposes the 
length of the bed may be different. If a lathe be 
only intended for turning short objects of large 
diameter (c.y. wheel.*'), the bed may be greatly re- 
duced or be separated altugctherfi*om the hcad.stock, 
and become a mere support for the slide rest, the 
j>oiqict head being dispensed with altogether. Such 
a lathe is termed a Break Lathe. Very largo; 
break lathes arc now constructe<l for turning tiy- 
wHicels, the armatures of large dynamos, and simiiar 
objects up to 40 ft. in diameter. A small lathe is 
often provided with a Gap in the bed (fig^' 4). This 
allows a whctjl, etc., of 
consido;rably larger dia- 
meter than the ordinary 
work to be accom- 
modated in the lathe. 

When the gap is not 
required, it can bo 
filkMl up by a Gap J^ieue 
or Bridge, which i'. a 
casting similar in cross section to the bed Itself. 
Lathes for ornamental turning and certain other 
classes of work arc often provided with an Over- 
head Motion. This consists of a shaft fixed above 
the lathe and parallel to the l>ed, and from it milling 
cutters or drilling appliances held in the slide rest 
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can be driven. It is distinct from "^he^oountershaft 
of a power lathe» being frequently driven from the 
flywheel of the lathe itself, and being further pro- 
vided with some device for “ taking up the slack ” or 
tightening the belt by which the revolving tool is 
actuated, in order that the latter may be moved along 
the bed of the lathe while in rotation. 

Lathe iSilk JUmv/ac,) See Batten. 

Lathe Bed ) The horizontal structure carry- 
ing the headstocks, slide rest, etc. It may be a 
single bar of metal (Bae Lathk) or two parallel 
bars of hard wood, or a somewhat complicated 
Iron casting with a carefully planed upper surface 
whose edges are made cxHCtly i)arallel, in <tr(ier that 
the elide rest and back centre may be moved in an 
accurately straight path. 

Lathe Standards The legs or frames which 

support the bed of the lathe. 

Laths (thr/;., ett\) Thin strips of wood, used 
for various purpose.-, but e>j)ecially as a support, for 
plaster; they are fixed so that a sj)ac<j intervenes 
between each lath and the one alongside. The 
plaster is forced into these spaces, thus forming a 
Key, by means of whicli it is held in place. 

Latitude and Longitude, Celestial (^Asfron.') The 
angular distance of a srar fritm lije ecliptic; it i.s 
measured along a great circh' wdiich is at right 
angles to tlie ecliptic. The angular dhstauce of this 
great circle from the Fir-t Tolnt of Aries termed 
the celestial longitude uf the star. 

Terrestrial. Th.e latitude of a point is its 

angular distance from the ccjuator, measured along 
a meridian ig.r,) The longitude of a p lint on 
the earth is the angular distance between a meridian 
through the point and a fixed mci idian termed the 
prime meridian. Tiie meridian passing througli 
CaTeenwich is tlie <jne almost imivcTsally used as 
the prime meridian. 

Latitude, Libration in {Aiftron . ) Sec Libratjox. 

Latten {MetJ) A luotal resembling brass in 
apfiearance, formerly u-ed cxlonsivcly for inaking 
monumental brasses. See under Brasses, Monu-^ 

MENTAL. 

Lattice Girder {Eng A A built up girder, in which 
the central portion or \Veb is rejilaced by a 

aeries of diagonal bars forming a crossed or lattice 
work structure. 

Laudanum (^Chrm.) A solution ]>repared from 
opium by treatment with equal parts of fit) per ceiy.. 
alcohol and water, and then diluted j-o as to con- 
tain threequarters of one per cent, of the alkaloid 
morphine {g.v.) 

Lau^hintf Gas {Chem.') A common name for 
nitrous oxide. See Nitrogen Oxides, 

Laumontite {Min.') Hydrous silicate of aluminium 
and lime, Al^Og . 3>iO._, 4 CaO . SiOo + 4JIjjO. Mono- 
gymmetric. It is one of the Zeolites {g.v.)y and 
occurs in«veina in volcanic rocks as a result of the 
decomposition of some of their constituent minerals 
by percolating water. Colour, white to yellow. On 
exposure it elflorcsce.s. Dumbartonshire, Fifeshire, 
Benftew, Ireland, etc. 

Launder {Mining). A trough in which water is 
led from place to place, for washing ore, working 
waterwheels, etc. 


Lauth*# ( Ckem.) Thionihe— 

Black crystals with green colour wlmu by 

reflected light ; soluble in alcohol with violet colour. 
It is a base, and forms salts with aoidg, €.g, the 
hydrochloride — a green crystalline solid sparingly 
stiluble in <;'.»ld water, giving a violet solution. It is 
obtained by oxidising a solution of paraphenyleue 
diamine with ferric chloride in pnjsence of sul- 
phuretto»l liy<lrogeri ; also by oxidising its leucobase 
{nee Lr.uoo Compounds) witli ferric chloride. 

Lava ( (retd.) The product arising from the 
cooling of what wii.s originally n fluid ina.ss wdiich 
ha.s rist'ii, while at a high tcn\pi'ni!ure, to the surface 
of a volcano and has lluwed thence down its 8l«>pc.s. 
S(»iuc lava.s cool very quickly, and thus do not flow far 
from tltc vent, while others remain fluid much longer, 
and may flow to distances of as much as fifty miles 
heftu'c coming cpiite to a standstill. 

Lavatories in Workshops (Ilygirne). Pec. 7o, 
Factory aial VVurksno]) Act, HMd, requires that “in 
e\eiT factory or workshop whi^rc lead, arsenic, or 
any other })oisnnous substance is used, suitable 
washing conv<uiicnces mii‘'t be provided for the use 
f.f llie persons employed in any department where 
such sub.'^tanccs arc used.” 

Lavender. The lavender belongs to the natural 
order Libuitie (y.r.) The m*)st important piattt is 
Lavandula r^m, whic'n is largely cullivate<l at 
Mitcham, Canterbury, Araplliill, ami Hitcliiii. The 
fj.twer.s when distilled give true OIL OF LAVENDER, 
v-’lsich is ext(*nsively used in perfumery ami in 
medicine. It is rcm.'irkable that the best oil is 
jfrocuiMble from Kngh-h lavcmler only, though 
stjme maintain the supirioiify of the French oil; 
Vmt a eompaiison bc-tween the market prices will at 
once show till.' relative, e-timati. n i»i which English 
and other oils are lield. NriKE J AVDNDKRis Lavati- 
ditln syicn^ which yields an essential oil on distilla- 
tiiui. The o<lour of the oil i.-» far less esteemed tlian 
thar. of the (*iJ from Z. and resembles that of a 
mixture of the latter .)ii with rosemary oil. It is 
use<l to some extent in and other pcrfuMier>% 

l>uT not in medicine. The tiue favendcr oil, which 
is much dearer, fe sometimes aflulteratcd ivith 
sj'ike oil. 

Law. A Law in science is a statement of the 
results vhich foUt»w from the o}>enition of certain 
specific natural causes. A law may be deduced acou- 
raiciy from experiment calculation, or may •be 
inferred from observations of a sequence of events 
not eomjdetely under.st(.)od. 

Law Calf ( lihid.) Tlie calf skin used for binding 
law book.^ is genei ally undyed, i.e. white. Law calf 
is therefore wdiite calf. 

Lawn. A ligtit, plain ti^xturc linen fabric some- 
what like cambric, but more open, anrl having a more 
gauzy appearance. It ia used for dresses, hand- 
kerchiefs, etc. 

Law of Constant Heat Summation {Chem.) An 
application of a general law, which holds for all kinds 
of energy, to the thermal changes occurring during 
chemical reactions. This law, stated liy Hess in 
1840, is as follows : Let A be the amount of energy 
in any units possessed by a system before it under- 
goes a given change, and B the amount of enei^ 
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in terms of the same units, posseBsetl^by the system 
After the change ; then (A — B) is the same in what- 
ever way the system passed from its initial to its 
final state. This law is applied in thermal chemistry 
to find the heat of formation of substances when 
it cannot be done directly from the elements them- 
selves — that is to say, in the great majority of cases. 
Example : Formic acid contains tlie elements carbon, 
hydrogen, and oxygen ; but it cannot be made by the 
•direct tinion of the three. To find its heat of fopiria- 
tion the procedure is as follows : The formula of the 
acid is 011.^03: so a weight of the acid equal to its 
formula weight (12 + 2 + Ji2 » 40 grs.) may be b^imerl in 
oxygen to carbon dioxide and wat cr and the beat given 
out during the combustion measured. The result of 
this process is that 44grs.of eaibon dioxiiloand IS grs. 
of water are obtained, and when l)ave cooled 

to a certain temperature the heat given out is 
65,000 Ciilories. Now 12 grs. of cajl)on are burned 
to carbon dioxide, and tiie same temperature bfdiig 
reached, this process gives 00,060 calories. Finally 
2 grs, of hydrogen art; burned to water, ami this 
gives (>S, 300 calories. Tlio inilial system is 12 grs. 
of carlxm, 2 grs. of hyrlrogen, arnl 32 grs, of oxygen ; 
the final fi3'stern is 44 grs. of carbon dioxide and 
IH grs. of water. In t!ie first cri-c the final system 
was reached in two stagt*s. riz. : (i) Tlic inilial 
system was con\ert(vl to forn.io acid by some 
process we need not eonsifler and iie.olviiig an un- 
kiiown number of calorics x. (2) The formic acid 
w»as burned to give the final sysrom involving the 
production of 65,1*00 calories. In tl;c second »*ase 
the final system was reacbod by burning the. carbem 
and hydrogen to give the same final system as bef )rf 
and in this case felie number of calories evolved is 
(D6,fi()0+ 08,JifiO). By the. law tlie calories invrdvtnl 
in each case is the same. 'J'heiofore x + 65,300 == 
96,360 -f OS, 360 /. x ■" 39,120 ealovios. 

Law of Constant or Definite Proportions ( 6V/e7A.) 
Ate Laws or Chkmicaj. < ti.MuiAATioN. 

Law of Multiple Proportion (C/tem.) Sir J.aw.s 
OF Chemical Uomhjn \tiun. 

Law of Reciprocal Proportion {Chem,) Sea 
Laws of CTii;mic.\l CoMin.NATHiN. 

Laws of Chemical Combination {Chem.^ (1) Law 

OF DKEIXITK OB CON.STA^T I’KOFOBTIONS : This 
law states that in a given c.omi'ound the elements are 
united in pn’poriions wliicb are fixed and invariable. 
The truth of this law has been aN*>ailed by more than 
one famous — for cxamT-Je, by Herthollct 

(1790) and by Malic nac (1860;. On account ef the 
doubts raised by ]\!arjgnae as to the strict valid it >’ 
of tile law, Stas underlo.jk two rc'vcarchcs — riz, {a) 
on the oonstanc)^ of the composition of so-called 
stable oomi)oiinds ; an<l (Jt) on the invariability of 
the proportions by weight of the elements wliich go 
to form a chemical compound. In the first of 
these he showed that tlie rutir) between ammonium 
chloride and silver is exprcs.>cd b\’ a constant what- 
ever may be the metlu»d of formation of the am- 
monium chloride and of tlie silver chlnritle ; in the 
second research he showed that in silver chlorate, 
bromate, and iodate the rat io of silver to (jxygen was 
always constant. (2) Law op Klcipkch al f‘iio- 
POBTIONS: If one substance. A, unite wit It each of 
the substances B, C, l), etc., tlion if b, c, d, etc., 
unite with each other, they will do so in t he same 
proportions as they united with A, or in some simple 
multiple or submultiple of tliose proportions. This 
law was discovered in 1^92. It follows at once from 


Dalton’s Atomic Theory, so that its statement at^ t^e 
present time as a Law of Chemical Gonfhinat^ i« 
mainly of historical interest. (3) Law OF, 

TiPLE Pbopobtions: When one element unit^ 
with another in more than one proportion, the^ 
proiKjrtions stand in a simple ratio to each other; 
Dalton discovered this law about 1802, but it was 
formally announced by his friend Thomson in 1804» 
The compounds which led Dalton to formulate his 
important generalisation were few in number. 
He showed that nitric oxide combines with half 
its own volume of oxygen, and with double this 
volume, to form two other compounds; that a 
given weight of carbon combines with oxygen in 
two different proportions, ono double the other; 
that carbon combines with hj’drogen in two 
<Uff(ircnt proportinns, one double the other. Ac- 
cording to Jioscoe and Harden, Dalton had con- 
ceived the Atomic Theory first, and deduced tliis 
law as a necessary consequence of it. (4) Law OP 
(lASEOus Combination (Gay Lussac’s Law) : 
When gases combine together thej^ do so in volumes 
which stand in a simple ratio to each other and to 
that of the product of their combination. Exaraide : 
Cfiiiorine and hydrogen unite to form hydrogen 
chloride, and we have: vol. of chlorine; vol, of 
hydrogen:* vol. of hydn*gen chloride » 1 : 1 : 2. 
This law was published by Gay Lussac in 1808. 

Lay (PUateriuff). See Tkicking Up. 

(^Silk Mamf/ac.) See Batten. 

{Titpog,') The order in which type is arranged 

in the ea’-es. The coircct placing of the forme on the 
machine for printing. 

Lay CoPil^ (BokL') Bieces of cord forming loops 
on ihe ciu'-sbar of the sewing press. Tn sewing the 
sections of a book together, one end of each band ia 
attaclictl to a lay cord, wfiiich holds it in position. 
See Bands, Key {Bindi\ and Sewing Pbess under 
Bookbinding. 

Layers er Lay Away Pita (^Leather Manvfao,) 
Tlie j)its in vvliioh hides arc laid flat in tan liquor 
with jt layer of ground tanning material separating 
c,ach hide. Sole leather is often laid away in this 
manner for six to ten months. See alao LeATHEB 
Manufacture. 

Lay Figure (-4r/). A jointed wooden model of 
the human figure. I'he joints being articulated, the 
limbs may I c made to asMirne various positions. Used 
by arti>ts for arranging draperie,^, posing, etc. 

Laying Down Board {Foundry), See Bottom 
Board. 

Laying Out {Eny.) The marking of materials, 
etc., fc)r a piece of w ork to the full size. The term 
is api>licd .sjvecially to the marking of slicct metal for 
boiler making, coppersmiths’ work, etc. 

Laying Press {Bind.) See Lying Press. 

Laying Trowel {PJast.) A tool . resembling a 
Float having a rectangular steel blade with 

» handle fix(‘d to tlic ba(;k and parallel to th^ blade. 
Used for laying plaster on walls and ceilings. 

Lay Light (Build.) A horizontal window placed 
in a ceiling to light a room below. 

Lay Marks {Prifit . ) The marks or stops used as 
guides for laying the sheet in printing. 

Lay Panel {Carp, and Jinn^ A jianel with the 
grain running liorizontally. 
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Lay Shaft The shaft* used in ™ engines 

to transmit motion from the main shaft of the engine 
to the valve gear. 

Lea {Cotton Manufao^ A seventh part of a 
hank, 120 yards, sometimes termed a Wbap. 

{Linen Manvfac.') The same as “cut.” It 

consists of 120 threads 90 in. long, or 300 yards 
of yam. 

Leaching or Leeching, also ealUd Locking and 
Letohing {Leather Manvfac,') The process of ex- 
tracting the tannin from barks or other tanning 
materials. The ground materials are x^ut iido largo 
pits or vats called Leaches, and coveretl with water. 
After standing the requisite time the liquor is run 
off. The process (leeching) is repeated until the 
tannin is all extracted. 

Lead, Tb. {Chem.) Atomic weight, 206*9. A silvery 
white metal, when chemically pure, which quickly 
tarnishes in the air, owing to slight superficial oxida- 
tion. Melts at 327“; specific grsivity, 11*3415, or 
when pressed, 11*347. It is very soft, so that it 
marks paper, and can be made into wire aiul i^iping 
by pressure. Heated in air it forms the nnuioxido, 
then on long-continued careful heating rcil lead. 
Quite pure water has no action on lead, but if tlie 
water contains dissolved oxygen tlie sx)aringly soluble 
basic lead hydroxide is produced and some liydrogen 
peroxide is formed : hence a very x^nre vatvral water 
cannot Iks passed through Ica^l x«pcs if it is to be 
used for drinking XJurposes, the lead dissoiv«*d being 
sufficient to cause lead poisoning. This action <d’ 
water on lead is facilitated by the presence of 
nitrates, especially ammonium nitrate ; but the 
action is retarded and finally x'revcnted by car- 
bonates, sulphates, and X'jhos] ihat(‘s, the yt’pc- being 
coated by lead carbonate, etc., which arc insoluble 
in water. Dilute hydrocl\loric acid only attacks lead 
in presence of air, and then slightly ; but the boiling 
strong acid forms lead chloride and hydrogen. Hot 
and concentrated sulphuric acid dissolves lead owing 
to the formation of a soluble acid Mili^liate, CVmcrn- 
trated nitric acid docs not dissolve lead, probably 
because of the formation of a minute film of nitrate 
on the inotal, and the nitrate, being insoluble in 
nitric acid, stops further action ; warm dilute nitric 
acid dissolves lead readily. Lead is jirecipitated from 
solutions of its salts, c.g. from the acetate, by zinc ; 
in this case the metal is tleposited in a treelike form, 
termed the Lead Tkf-E. Pure lead can be obtainetl 1 y 
distilling ordinary lead in the vacuum produced by a 
good mercury pump in i)orcelain tubes, and the x>rocess 
can be watched by the Lontgen rays, which are 
transmitted by x^orcelain but not by lead vaxmiir. 
Lead occurs naturally as snlxjhide (chief ore), car- 
bonate, sulphate, chromate, and basic chloride ; 
these compounds are calk.-d respectively Galexa, 
Cebussite, Anglesitb, Cbocoisite, Matlockite 
(PbOPbCL), and Mendipite (21’1)0 . l^bCI*). Also of 
interest are two naturally ocf urring compounds of lead 
chloride, one with lead jffiosphatc. Pyromobi>hitb, 
PbClg. 31*b,(PQ^)j; and another with lead arsenate, 
Mimetite or Mimetesitb, PbCl2.3Pb,(AsO,)jj, 
which are pseudo-momorphous with Apatite {q.v.) 
Several methods are in use for the extraction of lead 
from its ore.s. The following is a brief outline of one 
of these: The ore is picked by hand, crushed, and 
washed to remove lighter earthy imymrities : it is now 
spread evenly over the hearth of a reverberatory 
furnace, in which it is heated to a low temperature 
while a current of air passes over it. In this opera- 
tion some lead is obtained and drawn off, but the 


chief result is nxidation of a part of the sulphide to 
oxide and sulj^ate, and esca|)e of sulphur dioxide.. 
The temperature of the furnace is now raised, and 
some quicklime added to the charge to give it a con- 
.sistcncy more favourable to the separation of more 
lead. This operation is twice repeated, the lime in 
these stages decomposing any lead silicate which 
may have formed, and the lead being produced by 
the mutual action of the lead sulphide, oidde, and 
sulphate: PbS + 2PbO =« 3rb + SO, 

PbS + PbSO, =* 2Pb + 2SO- 
The residue, called slag, still contains lead, and is 
treated for the recovery of its lead in small blast 
furnaces in which it is heated to a much higher tem- 
perature and with the addition of coke; this lead is 
not so pure as that from the reverberatory furnace, 
and has to be refined by melting it at as low a 
tcmi)tn*atiire as po.ssible, so that only the lead melts 
and the imxmrities lloat on the top and are removed, 
while any impurities which dissolve in the lead 
are removed by o.Kidation. Galena usually contains 
silver, and this metal passes into the lead in the 
X^roccss of extraction of lead. Silver was formerly 
removed by rATT]N.sON\s I’uocESS. In this process 
lead containing silver is molted and allowed to cool, 
with stirring, until soli di that ion begins ; the solution 
of silver in load, wlion it begins to solidify, first 
separates lo.ad containing little silver, vvliile tho Ic.ad 
rich in siher remain'' liquid. The poor lead is 
idac'cd in one vesMil, the rich lead in another, and 
ihc process is re) touted on a fresh charge. The 
Xuooess is repeated on the on the 

rich leivl until pn^dut^’ts containing r(‘spe(‘tively half 
an ounce to the ton and 501)- (»unccs to the ton arc 
obtained ; tlio former is tin u soUbas loud, the latter 
treated for its silver by cu)tc]lalioii (y.f».) Lead is 
now desilverised by tbe rAUKTiS’ lluxuiiss, in which 
the .argentiferous load i?' moiled and a x^roportion of 
zinc, tlopcnding on tht* am<mnt of silver in the lead, 
is added to it. Silver is far more soluble in zinc than 
in lead ; also when molten, zinc is m‘arly immiscible 
witli lead, hence Parkt's’ prof ess may be com[>ared 
to extracting a siir^tance from water by shaking it 
with a solvent w’hicli is iirnniscible with water and 
which di.''Sol\es the sub>tance. much better than 
water. When the ir»v>itcn mixture of the three 
metals has been well agitated by blowing dry 
steam through it, it is allowed to cool ; the zinc 
floats on tox-> with the silver dissolved in it, and is 
removed on solidification. The lead retains a little 
zinc, and has to be refined as described above. The 
silver is obtained free from zinc by distilling tlie 
argentiferous zinc when the latter pusses over, Tjcad 
is iKsed in making gas and water jupes, in roofing, 
in the cfmstruction of suljfliuric acid chambers, in 
accumulators, in shot m.alUng, and it enters into the 
conqjosition of some imx>ortant alloys, such as type 
metal, pewter, solder, and fusible metal. Kadio- 
ACTiVB Lead: Lead comjwunds obtained from pitch- 
blende and other minerals containing uranium and 
thorium are strongly radio-active, Acconling to 
Hofmann this activity is duo to a x^rimary active 
component, which is not uranium, thorium, radium, 
etc. Its activity can be dimini.shed, e.g. by adding 
bismuth nitrate, evaporating with hydrochloric acid, 
allowing to stand fourteen days, extracting with hot 
water, filtering, and jirecipitating the filtrate with 
sulphuretted hydrogen. The sulphide so obtained 
shows feeble a-radiation and no ^-radiation ; but in 
three to four weeks it jogains its original activity. 
The radio-active lead can be conceiitrated, and highly 
concentrated preparations show several peculiarities; 
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the sulphate becomes red on heating to 400^» the 
sulphide precipitated from dilute hy(&ochloric acid 
solution is grey brown, the chloride becomes rose 
coloured and the hydroxide yellow. Solutions of 
radio-active lead salts impart activity to other 
metals, as gold, silver, platinum. The feebly active 
lead sulphate from pitchblende (not concentrated 
radio-active lead sulphate) has its activity increased 
by exposure' to a strong kathode radiation.— W. H. H. 

Lead' {EUct. Eng.) See Lao and Lead. 

— (Min.) This clement is reputed to have 
occurred native at Alston Moor in CumV)crland, at 
Diifton Mines in Westmorland, near JJristol, in 
Ireland, in Moravia, and near Luke Superior. In 
any case, as a mineral it is very rare. The principal 
ores are galena, cerussite, anglesilo, and pyro- 
morjihite. There are many rarer ones. 

Lead, Action of Water upon (Uggiene). The 
waters wliich act most rajiidly on lead are: the 
purest and softest, as rain, distilled, and such moor- 
land water as contains a free aoid (humie, ulmic, or 
sulphuric); also those contaiTiing organic matter, 
nitrates, nitrites, chh>rides, great excess of carbonic 
arid or of oxygen. Hard writers containing carbon- 
ates, particularly carhonate of lime, have the least 
effect upon lead. No water should be used for 
drinking that contains one-tonth of a grain of lead 
in the gallon ; any trace indical-es danger. 

Lead Burning (Plumb.) The formation of a 
moio or less honiogeucous joint between two pieces 
of lead by fusing their e<lges t<jgether with a hot 
hamc. A hydrogen flame, supplied with air (less 
coujmouly with oxygen) under pres.sure. i.*' used. As 
lU) solder is iLsed, the joint rose inblos a Weld (q.r.) 
It is used in ordinary building work and in chemical 
indn.strie.s in which corrosive liquids or fumes would 
rapidly destroy a soldered joint, e.g. in the leaden 
ca'^iugs of sulphuric acid chambers. 

Lead Burning Machine (Plumb.) A vessel in 
the form (»f a cylimU'r eiu*asod wdth wood, for 
generating iiydrogcii gas used in lead burning (q^v.) 

Lead Compounds (Ckcm.) Lead forms two series 
of conipoutKls: in the one scries of corajiounds the 
metal is divalent, and in the oth(*T it is tctravaleiit. 
To the divalent series belong all the common lead 
salts, the oxide from which these suits are derived 
being the monoxide TbO ; to the tetravalent series 
tnilong a few unstable .salts, the oxide from which 
these salts are derived being tlie dh)xide TbOj. 
Osvldrg: Tlie Suboxide JM)./) is obtaiiuvi by careful 
heating of lead oxahilc out of air ; it is a grey black 
powder, easily dee(>iup>sed into metallic lead and 
lead iponoxidc. The Monoxide PbO is prepared 
in large quantities by lead heated in air. When the 
temperature is insutficient to melt the oxide, the 
latter is of a dull yellow colour ; but when the tem- 
perature is high enough to melt the oxide, the latter 
a.s.sumo.s the crystalline form on cooling, and has a 
brighter and a retldcr colour — the former variety is 
called Ma.s«icot, and the Latter LiTnABQE. This 
oxide may also bo obtained by heating the carbonate 
or nitrate. It is very sparingly sffluble in water, has 
an alkaline reaction, and readily forms salts with 
acids ; it is easily reduced to the metal by heating 
in hydrogen or carbon monoxide, or on heating in 
tlie inner blowpipe flame, or by heating it with 
carbon. It dissolves in a solution of sugar. This 


oxide is very important technically: it is used in 
glazing earthenware; in making drying oils, as it 
accelerates the absorption of oxygen, on which the 
“ drying '* depends ; in making flint glass ; and in 
making lead plaster. Ked Lead (triplumblo 
tetroxide), Tb^O^ is obtained by prolonged heating' 
of the monoxide in air at a suitable temperature 
It is best regarded as lead orthoplumbate — 


OrCliopluiubic Add. 

It has a bright red colour, becomes black on heating, 
and decomposes into the monoxide and oxygen. 
Sulphuric and hydrochloric acids decompose it,, 
yielding the sulpliate and chloride and oxygen and 
chlorine respectively ; nitric acid yields lead dioxide 
and lead nitrate, because lead dioxide is not decom- 
l)osed b}’ this acid. Red lead is used as a paint and 
in making flint glass. The Dioxide (peroxide, or 
puce-colourefi oxide of lead) PhO,^ is ctbtained by 
the electrolysis of .soluble lead salts or of lead 
sulphate suspended in dilute .sulphuric acid — 

J'bSO, + SO/ ^ Tn*CSO,). 
rb(SO/g r 2H,() = +TbO* 

It i.« also obtained by the action oPnitric acid on red 
lead — 


^o> 


Pb 


'•O 




+ 2H,0 


Pb 


.OH 

N^OH 

\ 0 H 


+ 2PbO « Pb 


[ 


Pb.PbO, + 4 HNO 3 = Il.PbO, + 2rb(N03),- 
n,PbO^ = VhO., + 211,0 


and by the action of oxidising agents on lead mon- 
I oxide or salts. Usually it is a dark brown 
j ]H)wder, but a naturally occurring variety (Plattneri te ) 
is crystalline, as al.so is the electrolytic product 
when slowly deposited. On heating, it gives the 
monoxide and oxygen. The ease with which it 
yields oxygen causes it to act as a pow^ei'ful oxidising 
agent, e.g, 

TiPbOj -I- 2MnS0, + GHNO, eUMnO. + 2PbS0. + 

SPbCNO,), + 2H,,0 

I With sulphur dioxide it combines energetically to 
f(»rm lea<l sulphate, and witii nitrogen peroxide to- 
form ie.ad nitrate. Strong acids (except nitric) give 
I teti*a valent lead double salts with the dioxide, while 
aqueous acids give divalent lead sails, e.g. 


PbO., -h 61IC1 = HoPbCL + 2 H 2 O 
PbO; + 4IIC1 = PbCl, + Cl, -t- 2H,0 

The dioxide has also weak acid properties, forming 
plumbatcs with alkaline hydroxides, e.g. 

K,rbO, . 311^0 


Divalent Lead Salts , Lead Chlobidb, PbCl,, 
is a white crystalline solid sparingly soluble in 
cold water, much more soluble in liot water. It 
forms a number of basic ^alts, some of vvhich are 
used as paints, e.g. PbClj,3PbO is Tubneu’s Yellow 
Lead chloride is obtained by adding hydrochloric 
acid to hot dilute s(flutions of the nitiuto or 
acetate, or by dissolving lead oxide in hot hydro- 
chloric acid and allowing it to crystallise. LB.f\l> 
Sulphate, PbSO^, is a white solid very sparingly 
soluble *iif water (1:22,800), and less soluble in 
dilute sulphuric acid (1:30,500); readily soluble 
in caustic soda ot ammonium acetate. It is 
obtained by adding a solution of a sulphate to 
a solution of lead nitrate or acetate; it can. 
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he crystallised from strong sulphuric acid. Lbad 
,NiTaA.T£, Pb(NOg)j, is -wihite crystalline solid, 
readily soluble in water (50 parts in 100 at 12°), 
nnd decomposes on heating : rb(N03)j « PbO + 
SNOg + 0. It is obtained by dissolving lead, lead 
oxide, or lead carbonate in dilute nitric acid ; tlic 
salt is insoluble in strong nitric acid. Sometimes 
used as a weak oxidising agent, as it is slightly 
hydrolysed by water. Lead Sulphide, PhS, is a 
black solid insoluble in water. Jliluto nitric acid 
dissolves it on warming, forming the nitrate, and 
liberating sulphur ; strouger acid oxidises it to 
sulphate. It combines wiLli lead chloride to form a 
red chlorosnlphide, PbCl^iiPbS. Compare Turner’s 
Yellow. It may be obtained by heating sulph\ir 
ami lead together, or by ]iassing sulphuretted 
hydrogen into a solution of a lead salt. Lead 
Carbonate, PbCO,,. a white solid, iuKohible in 
water, obtained by adding ammonium carbonate to 
a solution of lead acetate. The basic carbonate, 
rb(0H).^.2PbC03, commonly called White Lead, 
is a white solid having a liuely granular struct nn', 
the grains, which are circular or oval, varying in 
diamt'tcT from ’OUOl to ’OiHlOl of an inch. Whitn 
lead is miido (3) by exposing lead moulded in the 
form of gratings or lattices, lonnc'd Wickets, and 
supi)ortcd in vessels containing <lilut(‘ acetic acid, to 
the action of fermenting tannery bark j the dccom- 
po.singbark evolves lieat, and gives edf carbon dioxide, 
so that the changes that oci'ur art* probably as 
foll<>ws: Lead actdatc is formed, then t!ie basic 
acetate, and finally the basic carbonate (I>utch 
or Stack method). (2, By acting upon lead oxide 
in prc.sence of a solution of lead acciatc (practically 
basic lead acetate) with carbon dioxide. White lead 
js very hirgc-dy used as a base in making yvainis, anvl 
also as a paint itself. A mixture of white leatt with 
barium sulphate is also used as a paint under various 
names, as Tenice or IlAHituncr WnriE. Lead 
Chromate, PbCrO^, is a yell 'W solid obtame<l by 
adding a solution of potassium chromate or di- 
chromate to a solution of lead acetate ; it is 
crystalline when the solutions are slowly mixed 
(by diffusion) ; amorphous otherwise. It ia insoluble 
in water, but soluble in nitric acid and in caustic 
soda. Is u.scd as a paint under the name Chrome 
y ELLOW. When treated with caustic s»xla in the cold, 
it yields a basic chromate, PbO.PbCrO,, which 
has a red colour, and is used as a paint under 11 le 
name Chrome Red. Lead Acetate, J’btCJTp^).,, 
also called Sugar op Lead, from its sweet taste, 
is a white solid C3rystallising with three molec ules of 
water ; very snIubUi in water, less soluble in alcoh<tl, 
poisonous. It is prepared by dissolving litliargt', 
PbO, in the theoretical quantity of dilute acetic a< id. 
It is used in medicine, and also largely as a reagent 
and in the prepajation of other lead comf*oumls. 
On heating its solution with one molecular pro- 
portion of litharge, it yield.s a soluble basic acetate, 
PbO . rbCC2lL02)o, which is use«l in medicine under 
the name of Goufard extract. Lead I'LAi»TEB is lead 
olcate, Ph(CjgTTaj,0 ,>2, and is made by licating litharge 
with olive oil and water at K)C)°. Lead salts of 
, organic atsids are easily decomposed by sulphuretted 
hydrogen into lead sulphide and the free acid; on 
this ac3count lead saltw of organic acids are often 
prepared as a step in the preparation CjJ tlic pure 
acids, Por an example see Formic Acid. Tefra- 
mUnt Lead SalU: I.EAD Tetrachloride (Plumbic 
Chloride), i*bCl„ is an unstable yellow liquid, which 
readily decomposes into the dichloride and clilorinG; 
excess of water converts It into the dioxide 


yCl yOn 

+ 4H,0-Pb^^^ + 4H01 
\ci "OH 

^OH 

Pb< Pb<^ +2H,0 

^OH 

It is obtained by adding the dioxide to cold con- 
centrated hy^lrochloric acid, and treating the'holutioa 
with ammonium chloride, when the yellow ajnmonium 
lead chloride (NHj)2pbC’lg, separates out; and this salt, 
on treatment. v\ith conciMitraled sulplniric acid, yields 
the liquid tetrachloride. Lead Lisulphate (Pliimbio 
Sulphate), Pb(SO,)2, is a white powder obtained by 
clectrolvsis of strong .sulphuric acid in u glass vcf.ssel 
coutaining a sheet of lead to serve as anode, and a 
porous pot iiKo, containing strong sulphuric acid and 
a load w'orm to serve as kathode, and to carry a 
current of water for cooling purposes. The di- 
sulphate which is deposited at the anode is Cf)llected 
and exposed on i^orous plates in a desiccator over 
strong sulphuric a(;id. T t is not quite fiurc. Sparing ly 
soluble in coiicciiirale.] sulphuric acid. Decomposed 
by water like tlie tctrac: loridc. Lead XETRAUETATtl, 
IM)(C‘2n forms white monocUnic. ]>risrna melting 
at and sidiihle in gludal acetic acid and in 

chloroform containing a little glacial a.ioth3 acid. It 
is immediately decomposed In winter into the dioxide 
and acetic aedd; hydrogt n chloride gives the tetni- 
chloride and acetic acid. The Tktracetate is 
prepared V»y gradually adding red lead to hot glacial 
acetic acid to saturation, lilitTing while hot, allowing 
to crj’stallisc, then n‘cr\’.st}illisin{r from glacial acetie 
acid." Lead 'Tetramethyl, khl^-'nj)^, i« a colourh ss 
liquid having a slight smell like jaspberriea ; b(;ils at 
110°. With i(x1ino it, fories h'ad triinethy) iodide, 
}M')(rn3)aI. Lead letranieth^l is obtained by the 
aetion of zinc methyl on lead chloride — 

2 PbCl, + 2Zn((hlI.j,=: I'bCni^). + 27unVL + Pb 

Lead Teimethyl Hydiioxjdk, is 

obtained as a Jow niching ^olid by distilling lead 
trimethyl iodide with caustic potash; it behaves 
like a strong alkali. Similar etliyl compounds are 
known.— W. Tl. JI. 

Lead, DesilveriBation of ( C/tem,) See Lead. 

Leader. A lea/ling article in a ncwspai)er, being 
an expression of editorial oi)inion on some subiect. 
Generally set in rather large tyj[jc. 

(Jlinin^). (1) A small vein which seems to 

indicate the proximity of larger veins of a metal. 
(2) A stream which by its colour indicates the 
presence of mintrrals. 

(^yw/ ) A lioR d(As or dashes cast on one 

eni of a particular body, and intem.led to guide the 
eye, thus , 

Leaderette. An editorial paragraph in a uews- 
.paper, jirintcd in the same type as a leader (a.v,) 

Lead Glass or Flint Glass. See Glass Manu- 
facture, 

Leadhillite (Mhi.) A very rare basic sulphate 
and cfirbonate of lead. Found at Ijeadhills in 
Lanarkshire and iu tlie Caldbeck Fell mines. It 
occurs in small monosymmetric crystals with a 
perfect basal cleavage ; the lameUse are dexible. 
It is of a pearly white colour. 

Leading Axle The axle oanying the front 

wheels of a locomotive engine, etc. 
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Leading Edge That edge of the blade of 

a screw propeller which cats the water first. 

Leading Note (MtMie*), The technical name for 
the sevemh degree of the scale, so called from its 
tendency to lead upward to the tonic, below which 
it is only a semitone. 

Leading Oift {Typog,) Widening the spaces 
between lines by means of leads ($.v.) 

Ljsadittg Screw A scrciw with an accur- 

ately cut square thrbad, which moves the hlide rest 
on a SCKEW Cutting Lathe iq.v.) See also Lathe. 

Leading Springs {JSnrj.) The front springs of a 
locomotive, etc., i.e. those immcvliatcly over the 
leading axle. These springs have to sustain a large 
amount of vibration and shock, ami are tlicrelbre 
made of considerable stnmgth, being usually built 
up of twelve to sixteen curved stool plates. 

Lead Joint A socket jdint in iron piiung 

filled with moltiui lead, wliich is driven farther in 
when it has solidified, in order to till up any irregu- 
larities. 

Lead of a Slide Valve ( JCtig.) See Slide Valve. 

Lead of BruBhes {Slerf. Eug,) The brushes of 
a djmamo (^/.r.) do not touch tlic commutator ut 
the extremities of a di.'imeler which is symmetrical 
with regard to the y>n]e pieces, hut have a forward 
displacement, termed a Lead. See Dynamo, figs. 2, 
3, and 4. A displacement in the icvcrsc diniction is 
torme<l a Backward J.ead ; it- is used in continuous 
current motors. 

Leads {Tg/wg.) h^rips of lend or other inclal 
of different t. i*. knoN.'-cs :ind length, used for effccu* 
ing .spaces bel\vc( n linos of l.vj'e. 

Lead Tack {Phiwh.) Sr rAi K.s. 

Lead Tree (Cheoi,) See Levd. 

Leaf Wood, ^riio term often applied to the 
timber from the ordinary decidnous trees, ie. those 
other than the j)ine‘s and tirs. 

Leakage, Magnetic (Ele't, Eng.') The pa>.sage 
of magnetic lines of force through a space or object 
in which they <lo not serxe ii u>efnl ]>urposc ; e.g. in 
a dynamo or motor certain lines may pass from one 
pole piece to another through the air or rhnaigii the 
frame or the luiseplatc, in.stead ol x)a.«aing through 
tlie armature. 

Leaning Thread {Eng.) vV screw thread of wliich 
the two sides (seen in cioss section) arc not ini'lincd 
at the same angle an cxainph* ni*iy often l>e found 
on a bolt which has to sushiin a thrust in one 
direction only. 

Lean-to Roof {Build.) A roof with one slope 
only, as in a buihiing placed agaimst a I’igh wall. 
The tops of the rafters arc nailcil to a plate or bar 
of wood fixed Uy the wall. 

Leaping Weir {f'ivil Eng.) A weir placed just 
in front of tlie intake of an aqueduct, ami so con- 
structed that when the .stream is in fiood, tho power- 
ful curreut.will cause the water to shoot right over 
the opening of the aqueduct, wdiile in normal cc«n- 
ditions the water falls gently over the w'cir and 
enters the opening. Flood water, which is usually 
tnrbid and muddy, is thus prevented, to a very large 
extent, from entering tho aqueduct. 

Leap Teare {Astron.) Years in which an extra 
day is added to the month of February to bring the 
C^endar into conformity with the time of the earth’s 
revolatioa round the sun. 


Lear {Glass Mamtfac.), An annealing oven. 8^ 
Glass Manufactubb. ^ 

Lear Boards {Carp.) The boards nailed 
rafters in valleys {g.v.) and gutters to dregs the lead 
upon. 

Lease, Lese, or Leese ( Textile Mamifac.) In warp-, 
ing, the crossing of the warp tlircads alternately at- 
the head end of the warp, and in groups of several 
threads at the footing end, in order to keep the 
threads straight when beaming and during weaving.. 

“ Lease ” or “ Cross ” Rods {Silk Mtmufao.) 
T%vo rods placed horizontally through the warp 
between tho harne.'<8 and the cane) roll, the warp 
threads being alternately above the one rod and 
under the other, the cross or divishm thus formed 
keeping the thread.s in their proper order, enabling 
tho enterer and twister to play them out in succes- 
sion and facilitating the tracing and mending of those' 
broken. 

Leat {Mining, etr.) A watercour.se, usually one 
cxcavatcfl in the ground, as distinguished from a 
launder {g.x\) 

Leather Manufacture. Tho manufacture of 

leathcT may be described as the conversion of raw 
hitlc or skin into an iiuputrcscible substance, for 
I certain puiposos supple and soft ; for other purposes 
firm and hard. This is effected by three main pro- 
(1) By impregnation of the hido or skin with 
a sniution of “ tannic acid” (tanned leather). (2) By 
trealmeht of the hide or skin with mineral ^xlik 
(tawed or mineral Icatlasr). (:i) By treatment with 
ojN and fats (cdiamois or buff leather). In some 
cases combinations of any two or c»f all three ])ro* 
ces'^cs ar<; c'rq^oyed, producing Dongola or combi- 
nation tanned uralUer. Tanning — Sole Leatueb: 
The raw material for thih purpose consists of the 
heavy hides of the ox aiid cow. These are obtained 
from practitially all over the world, being preserved 
for transit hy sun drying, “curing” with chemical 
])reserv.*tixes, f*r by heiivy salting. In process of 
manufacturo they are fitst 8oake<l in several changes 
of water ti> remuxe the cure, and to bring them back 
to a soft condition. They are then placed in pits 
containing a solution oTf milk of lime, to which is 
oftoii added caustic soda or alkaline sulphides. The 
hides are frequently lifted from the pits, and the 
soluth’uis strcugUifUed. After from six to .twelve 
da) s, according to thickness, the hides are fiwoUeu 
and the hair is loosened; tiiey are then drawn on to 
a sloping beam, anti the hair pusliod off with a blunt 
knife. After the liair has been thoroughly removed, 
they are rinsed in. water to remove excess of lime, 
ag.ain draxvn on to the beam, fiosh sido upwards, and 
liio fat and flesh left by the butcher is shaved off by 
mcatis of a sharp fleshing knife. After again soaking, 
they are “rounded” by cutting off tho boHy and 
shoulder portions; the remaining portion, tho “butt,” 
is generally about 5 ft. square. Prexious to eutering 
the tan liquors, this raw butt is placed in water 
containing a weak acid to remove the lime, after 
which it is susjiended in weak tan liquor and moved 
forward into successive pits containing tan liquor of 
greater strength. When ex'enly coloured, the butta 
are no longer suspended in «t.ho liquors, but Bre laid 
flat in them and “ handled ” frequently from pit to 
pit. Wh^ about half tanned the butts (goods) are 
put into still stronger liquors, and between each butt 
a layer of tanning material is sprinkled. This pro- 
cess’ is known us “ laying away,’* the goods being laid 
in these liquors for periods varying from fourteen 
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«day6 to three monthR. When thoroughly tanned, the 
whole period occupied varying from two to twelve 
months, according to thickness of the hide and the 
material used, the leather is removed from the pits, 
allowed to drip, and slowly dried until semi-dry, at 
which stage the leather is scoured and cleaned by 
hand or machine. This scouring removes dirt and 
all particles of tanning material, and flattens out the 
surface of the leather, making it smooth. A light 
coating of oil is applied ; it is further dried and 
rolled under a heavy roller to give it firmness and 
solidity. After still further drying, a second rolling 
may be given when necessary, and the leather i.s then 
hung up in a heated shed until quite dry, when It is 
polished wdth a flannel cloth m brush. This com- 
pletes the process. Tanning Mateuials : Up to 
.about fifty years ago praeliijally the only tanning 
material used was <mk bark, but gradually other 
tanning materials of greater strength have been 
introduced. Among the most important are valonia 
.(the acorn cup of tlic Turkish oak), inyrobalans (the 
fruit of an Indian tree), mimosa or wattlo bark (from 
Australia and Natal), algarobilla and divi-divi (tlie 
fruit of two Indian trees), sumach (the leaf of a 
shrub growing chiefly in Sicily), and, more recently, 
mangrove bark. A still more important dovclo]>ment 
in leather manufacture has been the introduction of 
Itrong tanning extracts of cbesiuut, oak, quebracho, 
and hemlock. Oak extract is chiefly manufactured 
in Plungary from oakwood. The wood is cut into 
fine shreds and soaked in hot w^ater, and the liquor, 
after decolori Ration, is concentrated in vacuum pans 
to a required density, and sold in ca.sks. Chestnut 
•extract is manufactured by si ri' liar means in France 
and Corsica, quebracho extract in the Argentine, and 
hemlock extract in Canada and the United States, 
The introduction of tlio.^^e materials has enabled the 
tanner to consideiably .sliorten the proce.ss of leather 
manufacture. Previous to their introduction, when 
•oak bark was the only tanning material obtainable, 
the manufacture of sole leather required from one to 
two years, as oak bark contains hut little tannic acid 
or “ tannin,” this being the active princii)le of a 
tanning, material. With the introductiim of the 
newer materials, however, whu;h contain from thiee 
to seven times as mmih tannin a.-, oak hark, much 
stronger .solutions or liquors can bo u.-ed, with tlic 
result that the j)rocess may be completed in from 
three to nine iriunlhs. Leaching: Previous to 
making liquors from the tanning mat(;rials, thc'.e are 
ground or crushed in the mills, and then placed in 
large vats or f)it.s and leached ^ by maceration with 
water. The “leac;hes” aic gencially arranged side 
by side and material put into each, water Ixdng then 
run into one leach, arid, afier standing a few hours, 
being drawn off into the next leach by meams of a 
pump. The liquor, on passing through each succes- 
sive pit, gains in sLren^h, until liquors are obtained 
containing as much as 10 per cent, of tannic acid. 
Into these liquors, strengthened with extract, are 
placed leathers of which the tanning is almost 
finished, and, as the strength is absorbed by the 
leather passing through, the liquors gradually work 
down through the tariyard until, on reaching the 
suspenders or early stage of tanning, the strength of 
a liquor is exhausted, and it is discarded as ii.seless. 
Sole Leatheb, as the term implies, is used for the 
.soles of boots, shoes, and &lipf)er.s. The thicker 
ortion, cut from the butt or back, is used for heavy 
oots; that cut from the shoulder is somewhat 
thinner, and is used for light summer shoes and 
boots; and that cut from the belly is used for 


slippers and sandals. Hide shoulders Iknd bellies 
.undergo a like process of tanning to that described ; 
but being thinner than butts, the tanning is com- 
pleted more quickly. Uffeb and Bbbbsino 
Leathebs: The hides and skins used for these 
leathers are the lighter and thinner ones. These 
undergo practically the same preparatory process of 
soaking, liming, unhairing, and fleshing as the heavy 
hides. But a softer and more supple leather is 
required, and this is obtained by tanning the goods 
in weak liquor^ handling them frequently, and using 
tanning materials which are in their nature soft and 
not strongly astringent. Wh«i the process of tan- 
ning, similar to that already described, is completed, 
the leather, after dripping, is partially dried, lightly 
oiled, and, without scouring, cleansing, or rolling, is 
dided out. It is then ready for the process of 
“CuREYiNG AND DRESSING.” This process may bo 
generally described as impregnating the leather vrith 
oils aiicl greases, and usually is as follows : The 
leather from the tanner is first softened by steeiung 
in warm water ; it is then worked over on both sides 
with brushes and stone knives t/O remove soluble 
taiinin.s, dirt, and particle.s of tanning material, and 
aftei wards bleaelied by steeping in warm liquors 
containing sumach or other suitable bleaching agent. 
After dripping, the le;ither is hiing up to bring it 
into a suitable condition fen’ stretching, which is done 
b3' laying it on a slate or stone table, and drawing it 
out from centre to edges means of a brass or stone 
knife. The leather is now oiled on the upixir or 
grain surface, and a coating of oil and tallow (dubbin) 
is brushed well in on the uiuler or flesh side ; it is 
then hung in a cool shiiti, when the moisture in the 
leather giadually dries out, its place being taken by 
the oil and tallow. This prc^ccss raaj^ be repeated 
accoidiiig to the amount ot grease which it is desir- 
able to iiicorporaUi into the leather, this dej»ending 
upon the purpose for which the lea4;her is to be used. 
If for Belting, the leather is heavily stnfted with 
grease; for light Ktbap.s an<i Hakness, less is 
applied; if it is for the ri*PE»^ri UP JiooTS and 
{SHOES, onlj" a light coating is necessary. The 
leallier, having received the requi>ite stulting, is 
slightly oiled, hung in a room for three (ir four days, 
anti then laitl in pile fi r the grease in it 4:o set. 
Excess of grease is now n.raoved from the surface 
by means of a blunt “ slicking ” or smoothing tool, 
and the leather is again stretcluMl anti polished; it is 
then ready fo. cutting into belting or straps. When 
the leatJier is retiuired to bo finished black tor harness 
or for bootwork, it is blackened either by means of 
a solution of logwood and iron or by brushing with 
an aniline dye. S(;me leathers are finished flesh side 
outwards, m which case they are “waxed” with 
successive coatings of a mixture of larnpbhtck and oil, 
the leather being dried between each coat, and finally 
polhslied by rubbing overw'ith a rounded glass tool. 
Fancy Leathers : These leathers are manufactured 
from the skins of slieep, goats, eaJves, and seal& 
The skins arrive in this country' in a similar condition 
to the hides of oxen and cows, already referred to. 
Calf Leather: The skins, after the preliminary 
process of soaking, liming, unhairing, and flushing, 
are “ pucred ” by steeping in a fermenting solution 
of cxc'rement, and afterwards cleansed by drenching 
in a solution of fermenting bran. This dissolves out 
some of the interfibular substance and softens the 
skin. The tanning is carried out in a series of vats 
or pits, commencing with weak liquors and finishing 
wiUi strong, the skins being handled frequently from 
one pit to^ another. The liquors are made chiefly 
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irom oak bark. The leather when tanned is scoured 
«ncl cleansed similarly to sole leather, but is usually 
shaved on the ilesh side to make the whole skin 
of one thickness. Previous to drying it is oiled, 
and when dry it is sponged over with a solution 
of soap and mucil^e; it is then redried and 
polished by brushing. If for shoework, the 
leather, after tanning and scouring, is dyed the 
requisite shade by immersion in a solution of aniline 
dye-stuflE, rinsed to remove excess of dye, lightly 
dressed with oil and tallow, dried (excess of grease 
being removed as with curried leather), and polished 
by brushing; it is then ready for the shoe factory, 
JIOEOCCOS : The preliminary preparation of goat 
skins for tanning is in general the same as that of 
calf. This being ooinplcted, the goods arc tanned in 
solutions of sumach ; tiiis tanning material imparts 
to the leather a light cream colour. Sumach being a 
rapidly penetrating material, the tannage rcquii-es 
frtmi two to six days only. When tanned, the skins 
are “struck out** to remove excess of tan liquor, nailed 
on frames, and dried ; whtiii dry, tlie skins are soaked 
back, scoured, shaved to c\cn thickness, and dyed in 
paddles or trays with a solution (if aniline dye. When 
the requisite sluide lias been obtained, the skins are 
struck out to remove excess of dye, dried, dampc'd 
slightly, iui'l grained by liarid to bring up tlie natural 
grain of tlie skin. A seasoning solution, consisting 
of blood, milk, or a suitable iiuicilage, Is tlion rubbed 
on the surface, and the skiu^ are glazed by machine, 
and sometimes re-grained and re-glazed : they are 
afterwfirds sorted into sizi's in tlm waroliouse. Tliis 
leather is used for upholstery, bookbinding, pocket 
books, and other fancy work,* SiiPJKr: The wool is 
the most valuable part of a slieop’s clothing, being 
usually worth from i\uir to six times as much as the 
skin. To remove the wool tlie ilesh sides of the skins 
are painted with a strong paste of lime or sodium 
sulphide, and the skins then hud fiesh to flesh ; in 
aiioiit twenty- four b.oujs the liee<‘e can be removed by 
hand. After the xvool is i emoved the pelt s are treated 
similarly to goat and calf, tanned in bark or sumach 
liquors, dyed and finished in a similar manner to 
moroccos to make lioAXS or Pasilb, which are used 
for the cheaper class of sliiiper work, upholstery, and 
linings for boots. Many sheep .''kins are s]>lit, after 
liming, by jiassing the skin between two rollers which 
press it against a revo]\iijg knife. This the 

skin evenly, producing a tidii grain split and a heavier 
flesh split. The grain sjilit is tanned out in sumach, 
and is knoAvn as a Skivuu. After dicing and liiiish- 
ing it is used for bookbinding and <<tber fancy work, 
the- flesh split being used for manufacturing Chamois 
Leather. Keal Skin : Tlie.'-c skins being full of 
grease or oil are, after soaking, blubbered. This 
consi.sts of rotating the skins in tepid water in a 
laq?o revolving drum to Ikpicfy the lat, and working 
tin*! skins over several time.s on a .s]o]>ing beam with 
a blunt knife. By this nieim.s tlu' grease i.s pres.sed 
out of the skill, after which it is limed and tanned in 
a .similar manner to morocco and calf. Seal leather 
is used for portmanteaux, dre.-'sing cases, purses, and 
other fancy work. Oil and Buff Leathers : This 
heading iui^ludes chamois leather, buck-skin, suede 
glove leather, and leather for military accoutrements. 
Chamois leather is made from the flc.sh split of the 
sheep skin {«ee under Sheep above ') ; su^le glove 
leather from the flesh split of goat, lamb, and deer 
skin ; bufi leather from heavy hides from which the 
grain surface has been removed by the bufling knife. 
For oil dressing the skins must be heavily charged 
with lime. After sprinkling with cod oil, they ore 


placed in machines known as stocking mills* in 
which they are constantly beaten and turned, and as 
the oil is absorbed fresh* oil is sprinkled on the skin. 
During the process the skins heat, owing to the 
decomposition of the oil, and care must be taken 
that they do not overheat and bum. After the 
requisite amount of oil has been beaten into the 
skins they are laid in piles to heat and for the oil to 
oxidise ; when they have finished heating, the excess 
of oil is pressed out, the leather is then washed in an 
alkaline solution to remove all trace of oily matter, 
wa.sIiod in water, bleached until the colour changes 
fr(im brown to light yellow, softened by staking, and 
trimmed ; the surface is then smoothed by pressing 
with a revolving emery wlieel, which completes the 
process. Tawed Leathers : The term is applied 
to leather dressed for gloves ; the skins used consist 
of lamb, kid, and deer. The preliminary processes 
of soaking, liming, pucring, and drenching having 
been carried out, the skins are then placed in large 
revolving drums and rotated together with a tawing 
paste made of alum, salt, flour, and yolk of egg mixed 
into a thin paste. This paste penetrates the skin, 
and on completion the skins have been transformed 
into a white, tough leather. They are then dried and 
allowed to lie in stock for some weeks, to age. This 
asroiiig process makes the skins softer and tougher. 
They are tlicn .slightly damped with clean water, ana 
are stretched over a staking knife. This staking 
process is repeated until tlie skins are sufficiently 
soft, after which they may receive a second drumming 
in a tawing paste in order to still more toughen the 
leather, the drying and staking being again repealed. 
They are fluffed on a fine emery wheel on the flesh 
side until of even thickness throughout; they are 
tlum dyed co the grain surface by brushing the skins 
over with a solution of any suitable dye-stuff, the 
alum acting as a mordant and fixing the dye. When 
dry they lire .«‘pongod over with a mixture of white of 
egg, milk, and water, and ironed with a fairly hot 
iron to gla/e. This makes the .skin ready for the 
glover. <^’11 ROME Leather : The practical manu- 
facture of chrome tanned leather dates from 1S81, 
but mineral halt.s, chiefly tliose of iron and aluminium, 
bail been u.sed fur a considt'rable time in the manu- 
facture of leatlier. Modern clin^me leather, both 
light leather for the uppers of boots and heavy 
leather for harues.s and btdiing work, is made by 
irnpiegnating the skin (after the preliminary liming, 
unhairing, and fleshing liave been completed) with a 
solution of chrome sail. The skins are generally 
placed in a pit or drum containing a solution of 
bichromate of potash, to which is added sufficient 
hydrochloric acid to set free the chromic acid. The 
chromic acid is at once absorbed by the skin, gi\ ing 
it a deep yellow colour ; the skins are then removed 
from this solution and are placed in a second solution 
containing sulphurous acitl or a sulphurous acitl salt. 
This second bath reduces the chromic acid to 
chromic oxide and other complicated cln*ome salts. 
The leather, on emerging from this bath, is of a 
greeny white shade. After wa.shing free from acid, 
the skins are shaved to even substance and placed in 
a re\ Giving drum and drummed in a weak emulsion 
of soap and oil. After this fat-liqu(;ring, the leather 
may be dyed with any aniline dyes, and after striking 
out, slowiy dried. Before the leather is quite dry it 
is stretched and softened by staking, after which it 
is glazed, dried, and flni.shed. Heavy bides for belting 
and harness work ate usually tanned by a one-bath 
process. This consists of a solution of a basic 
chrome salt ; the bides, like in ordinary tanning* 
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<S>minence in a weaJc liquor and gradually, day 
by day, move into stronger liquors. By this pro- 
cess the heaviest hides ihay be tanned in from 
six to eight days. The process is frequently 
accelerated by tanning in a revolving drum, or 
by any suitable means of keeping the hides or 
liquor in constant movement. Chrome leather has 
made enormous strides since its introduction, and 
practically 60 per cent, of the uppers of boots 
are now being made of chrome leather. It 
has completely replaced the French calf and calf 
kid.— J. O. P. 

Leatllers Cup Leatheks, (!tc. iq.v.), used 

in the packing of hydraulic presses. Set' Hydkaulic 
l^ESS. 


LebeB {AreheBol,) A large vessel, generally of 
metal, used by the Greeks and Bomaus for culinary 
and other purposes, t\g, for catcliing the water which 
was poured over the hands and feet after meals. 


Lebhaft {Music), The German equivalent for 
Vivace iq,v.) 

Leblanc Process {Cluim,) Alkali. 

Lecithins {CJiem.) Compounds of glycerine with 
fatty acids, phosphoric acid, and choline, e.g. 


# 


CH,,OOC . 


cnooc . 

CHjO . ro . KocnjCii, . n(Cii,xoh 


is a lecithin containing stearic and palmitic acids. 
They are wavy crystalline solids, soluble in ether or 
ether chloroform. They are hydrnly.^ed by (liluto 
sulphuric acid or by baryta wator to choline, fatty 
acid, and glycerine i)hos})hoiic acid. Ihey form 
double salts with phitinic chloride and cadmium 
chloride, and the latter has been shown to be dextro- 
rotatory. The lecithins occur in lirain and nerve 
tissue, in the blood, very largely in yolk of egg, 
and in growing vegetable cells. I’hc lecithin from 
yolk of egg can be obtained by extraction with 
ether alcohol, distillation of extract, treatment of 
residue with alcohol, filtration, addition of alcoliolic 
H^PtClg, when the platinum double salt is obtained 
as a precipitate. The double salt is treated 
with sulpUuretled hydrogen to remove platinum, 
filtered, and evajmrated. Lecithin from yolk of 
egg is now used in medicine : it increases the 
number of red and wliite corpuscles, and is used 
in tuberculosis, 

Leclanche Cell {Elect.) See Cells, riiiaiAUY. 

Lecteni* A reading desk, especially that from 
which the lessons are read in a church. 


LeCytlnu {Pot.) An ancient Greek vase with a 
narrow or constricted neck. 

Lodged and Braced Door. The .same as a 
Ledoed Door, with the addition of braces or pieces 
of wood running diagonally acr(»s.s between the 
opposite ends of two successive ledges. 

Lodged Door {Carp and Jam.) A door con- 
structed of parallel boards or battens, placed verti- 
cally, and held together by horizontal rails or 
to which they are nailed. 

' Ledger LlnoB {Music). Bhort lines drawn above 
and below the stave for those notes which exceed 





the compass of the stave. Ledger lines are always 
counted outwards from the stave, e,g. 



The first ledger line below the treble stave is the 
same note, C, as the first ledger line above the bass 
stave. 


Ledgers {JJuild.) The horizontal poles of a 
scaitold on which the Putlogs (</.v.) rest. 

Leeching {Leather Mamifac.) See Leaching. 

Left Hand Thread {Eng.) A screw thread which 
runs rounil the screw in the opposite direction to the 
usual one; if the screw be viewed in vertical tdevation, 
the thread a])pears to run upward as it is followed 
from riglit to left. 

Legatissimo (Music). Very smoothly : as connected 
as poi'.sible. 


Legato Bmootlily, connected;, abbrevia- 

tion icg., shtAvn in niusit: by a curved line over or 

under the notes : <jr 


Legend (Ouwv). Tiio letters or words appearing 
on a coin or medal. 


Legend Line {Tgpog.) The line or line.s placed 
under an iJUistraricm in a bo«.fk or pcriotlical to 
signify to f*je reader tho nature of Iho illustration. 

Leggiero (.l/?mV). Lightly; abbnwiation, 

Legume ( Dotamg), A dchNccut fruit setting free 
its .seeds by tlio .separation of two valves (c.y. Pea, 
Bean). The c:*arartertsn(; fruit of tho order JLcgu- 
viinostr, 

Legumin or Vegetable Casein. A proteid very 
mucli resembling casein in milk. It is present 
chi oily in the seeds (4* beans and peas, and criists 
largely in combination wit h sul]>liur and phosphorus. 

Leguminosie. One of the most iin])ortaut and 
widespread of Dicol\k’<!on orders. The jjcas, besujs, 
eloAcr, vetches, lentils, onund nuts, and many tjthers 
form valuable fo^Kland K.ddor plants, while tropical 
forms yield timber, fibres, d.yes, gums, rosins, and oils', 

Leicester Reds. See I^iricks. 

Leish {Silk Manufttc.) See Coupling. 

Leit Motif {Music), A musical theme to illustrate 
certain oharat’ters or ideas in a It recurs on 

each occasinri tlu-.-.e characters or ideas are brought 
forwanh E'<pocial use was niaile of the Leit motif 
by Wagner iu his (jpvras. 

Lemon. See Citrus. 

Lemon Chrome (Eec.) A jjalc yellow pigment Coni^ 
sisting of lead chromate, mixed' with lead sulphato. 

Lemon Grass Oil. An oil used in medicine and in 
perfumery ; is distilled from tlie entire graSlB, 
Androjfogon cifralus (order, Graniimm), 

Lemon Juice (Hygiene). Valuable on account of 
its antl-.scorbutic power ; its use has practically 
eradicated scurvy from our navy and mercantile 
marine. The Merchant Shipping Act, 1867, requires 
that after ten days at sea each person shall receive 
an ounce of lemon or lime juice daily. Both lemon 
and lime juice contain citric acid (the principal con* 
stituent), some malic acid, proteid, and sugar. 

Lenard Rays (Elect.) See Radiation. 
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Leno (^Cotton Mamtfae.') A combination weave for 
light fabrics {p.g, veils, curtains), consisting of a plain 
and figure weave and seme form of gauze structure. 

Leno Brocade {Cotton Manufao,') A brocade 
figure on a gauze ground. 

Lens {Light), A single lens is a portion of a 
refracting medium, bounded by two co-axial si>iicrical 
surfaces of equal or different radii. One of these 
surfaces may be plane, i.e, its radius is infinite. St*e 
CONCAVB, CONVllX, MENISCUS LENS, Tbc term 

Lens is also applied to a combination of lenses 
suitably mounted for imrpuHos of photography, etc. 
As the rays most active in forming the plH)t ographic 
image are situate at the violet end of the spectrum, 
while those which affect the eye most stJ*ongly cor- 
resi>otid to the yellow and yellowish green, it is 
necessary, in order to oVrtaiii a prc»perly focussed 
image, that the lens be corrected for chromatic 
abtjrration, the violet and yellow rays being brought 
to a focus at the same point. 

, Achpomatic. A combination of two (or 

more) singhj lenses, usually in contact, which pro- 
duces deviation without disperMon (y.r.) It is more 
correctly termed an Achiiomatic Combination, ami 
in the commonest cases {r.g. the object glass of a 
telescope or a so-called single photographic lens) con- 
sists of a c'onvergcnt or tionvcx lens of crown gl.a.ss, 
ceinoiited by means of Canada Balsam to a divergent 
or concave lerus of flint glass. 

LenticalaP Mining^ ^dc.) Lens-sha])ed ; 

applied to fiat masses of on*, etc. ; tliiiining out at the 
edges. 

Lentil {Botany). Len^^ escnlenta (order, Lcgtht,,- 
inoarr). A food plant from Western Asia, culii\a.ted 
from :uicient times loi the sake of its nutritious se<‘ds. j 

Lento (MuHtr). Slow. The movement is .slower ! 
than that indicated by Adagio. ‘ 

Lenz’s Law {Efect.) When currents are induced 
in any conductor by the motion of the conductor 
or a neighbouring magnet, or by anotlier conduetor in 
wdiich a current is flowing, the «lirectioii of the 
induct'd current is sin h as to tend to stop the motion 
by wdiich it is produced. 

Leonids {Astron,) The swarm of meteorites which 
pur-uo their ixith round the sun in a ixudod of about 
thirty-three years, hut which every year, about 
November 15, meets t.he earth in her orbit, and gives 
us the phenomenon of a sliooi ing star dis]>lay. The 
main part of this swarm meets the earth c\ery thirty- I 
three years. I'he main sh(*Avers oceurn'd in I 

1805-7, and a not very brilliant shower in lOOl. 

Leopard, Lupard, or Lybbardea An- 

ciently “a lion jjassaul guaniant” was blazoned 
“ leopanl.” The lions on the shiedd of England arc 
thus blazoned, and are not, as some have supposed, 
leopards. When a leopard’s head ai)pears without 
any pnrt nf the neck, it is blazoned a “ leopard’s face.” 

Lepidine {Clwvi.) (y-Methylquinoline) 



A oolourless liquid ; boils at 257*^ ; smells like quino- 


fine ; soluble in alcohol and benzene. It occurs in 
coal tar ; has been synthesised by condensing acetone, 
with formaldehyde (in the form of methylai) by 
hydrogen chloride, adding aniline, and heating with 
concentrated sulphuric acid. 


CfT, CH. 

1 + H.CHO « I 

CO .CTT, co.ciij.capH 

OIL 


c.n4< 


n 


NH, 


IIO.C 


HO . CH, 


c 




cn 

I 

^CTL 


-h 2H,0 


CH 3 

,0 


•CTT 


"Nlf 




Nil 


4- 0 = C,H, 


CH. 

C 

^ CH 

I H,0 

.CH 


N 


It is formed (amongst other products) by distilling 
rinclionine with caustic potash. On oxidation 
with chro.oic acid it yields 7 -quinolinecarboxylic 
acid ; with potassium permanganate it yields 1:2:3 
pyridinetricarboxylicachl (carbocinchomeronic acid). 

COOH 




y-Quinolinocar- 
boxylic Aoid. 


N 

COOH 


llOOC 

IIOOC 



N 


1:2:3 Pyridine- 
car box> lie Acid. 


Lepidolite {lifhi.) A basic fluosilicate of potas- 
sium, lithium, and aluminium. Monosyramctric, 
It is one of the ^licA group (^.r.) From Corn'wall, 
Kinmsssliire, Ireland. Moravia, Saxony, eft*. ^ 

Lose {Textile Manufac.) Sec Lease. 

Letching {Leather Manofac.) St‘e Leachino. 

Letterpress* J Vint ing impressed by type, as dis* 
tinguished from printing done from jilates or litho- 
graphs. 

Letting Down {Eng.) Softening hardened steel 
b}^ heating it up to .a deliuito temperature. See 
Tempbuing. 

Leucine {Cheni.) .CHjOHNHa . COOH. 

White shilling crystalline leaves with fatty feel ; 
soluble in 48 parts of water at 12®, and in 8 (X) p^s of 
alcohol. Ihipidly heated, it yields isoamylaminb ; but 
on carefully healing it can be sublimed unchanged. 
Nitrous acid reiilaces the amino group by OH. Ferric 
chloride gives a red colour with a solution of leucine* 
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It furms a characteristic copper salt. The leucine 
obtained |roni albuminoids by the action of acids is 
optically active; that obtained by the acjtion of baryta 
water is inactive. Leucine is found in many parts 
o| the body, and i^is a constant <lecomposition pro- 
duct of albuminoids, e,g. on digestion, putrefaction, 
treatment with acids or alkalisr The best source, is 
the cervical ligament of the ox. It is obtained from 
this as follows ; The ligament is boiled with acetic 
acid and water till free from connective tis.sue ; 
then with 1 pirt of sulphuric acid containing 3 
parts of water for throe hours ; poured into sufficient 
milk of llrne to neutralise the hu]}»!:uric acid ; diluted 
with water, filtered, and washed. Tlio filtrate is now 
boiled with milk of lime, again filtered, and neutralised. 
On concentration the leucine crystallises out. It is 
purified by boiling with animal f‘harc*oal and rc- 
crystallisinc. Leucine has been synthesized from 
isobntyricaldehyde and hippuric acid, wldch yield 
a-benzoylamino-jS-isopropylacrylie acid arihydridi‘ : 




cup + n„C , N : C . Oil . 

COOIT 



CO - () 


The acid corresponding to t.ie above anby<liide, •■'ii 
heating with excess of concentrated ammonia, yields 
benzoic acid, isovaleric acid, and leucine. T^eucine 
contains an asymmetric carbon atom, so that it cun 
exist in the dextrorotatory, the Ijevorotatory, and 
the racemic forms. Naturally occurring leucine is 
laevorotatory ; the synthetic leucine is rfw.einic,. 'J’o 
split the racemic form it is converted into the 
benzoyl derivative by the Tlanmann-Scliotteii roacti<»n 
(g.T,) This derivative, being much more st: < aigly acid 
than leucine itself, can be united to an optically active- 
alkaloid, such as strychnine or brnci..<',,Mi ! thedextro 
and laavo salts scparatfMl by crystallisaticju. They 
yield the correspond i)yg leucines on decomposition 
with an alkali. Leucine ( Ihyl ester is prepared b\ 
pa.5sing hydrogen chloride into leucine in alcohoi, 
decomposing the hydcochloride by an alkali, adding 
potassium carbonate, and extracting with ether. 
As this compound distils unchanged, it ran be usod to 
purify leucine. On being heated, the ester forms a 
piperazine derivative ciilled Icucinimide, which is 
3 : 8— di-isobutyl— 2 : S—diketopipcraziiie : 
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a white crystalline solid, soluble in alcohol and 
melting at 27(5°. 


Leucite (J/ifn.) An aluminium pota.^sjum silicate, 
KjO . Al^Og . dSiOg. Alumina « C3 *6, .sil LcarsnS, potash =» 
21 ’5. Cubic at 600® C., though at lower temperatures it 
fibows double refraction and other anomalous pro- 


perties. White to yellow grey. It is an important 
constituent of many of the more recent lavas, 
especially those of basic or sub-l:}asic composition. 
It is allied in composition to some of the felspars, and 
is therefore often referred to as a felspathoid. It is 
of very rare occurrence in any lavas of earlier date 
than the later Tertiary period. 


Leuoo Compounds Colourless or only 

faintly coloured substance.s, which on oxidation 
yield dyes, and only differ from their oxidation 
j)roducts by containing two or more hydrogen atoms 
in the molecule than the dye, e.g. 




IlNv 

IN. 

\ CJI3'' - NH, 
DiaimdothKKli))heiiylaiuiuo. 

Lciic Cfmij^onnd of Lauth's 
Violet (y..-.) 


lie C - C,,H,NH.( 4 ) 

\ c.n..cn,(3)NH,(4) 


Para CO’tiiamidodipheuyl- 
motatolyliiiethane Lducaailine. 
TLe Jjouco ConifKmncl of 
Kofianiliuo (^.v.) 


Lottcomaines (Chem.) A name given ^ an ill 
dtdined class of substances obtained from meat 
exirncls. They arc crystalline solids which produce 
vomiting, diarrhusa, and stupor. The commonest 
member of tlic rlas.s is called xani hocrcati nine, and 
II li.as the formula — j'ellow leaves, bitter 

ta.ste, basic in cbai actor; show.s the. amphoteric 
reaction (that is, turns l/luc litmus red ; and red 
litmus blue). The constitution of the leucomaimjs 
is unknown. 


Level {JMd, ot(\) Hpirit iIkvkl. 


(Ciril JJiff/.) An open channel along which 

water flows, dr.c/, the Betlford level. 

(Minhyj), An cscav.ition, usually horizontal, 

ak*ng the coui.se of a vein of ore. 


{Surveghnj). An instrument for determining 

thc5 relative heights of two })oinls. Usually con.«ists 
of .a t**lesco}>e ca]>ablij of ac(‘.arato horizontal adjust- 
rmmt which is used in conjunction with a graduated 
Ht.iff. I he latter is held .Trlically on each of a series 
of stations, and.obscrvcfl th**oaght]ie telescope. The 
irn.'tge of certain points in tlie graduation of the 
staff will coincide with the horizontal crosswire in 
the eyepiece, and the distance between these 
various points will be the difference of level of the 
star i on z. 


Levelling Surveying^ etc.) (1) Making a 

surface iHjrizontal. (2) flaking a surface plane or 
flat. The latter is not a strictly correct use of the 
term, but it i.s commonly employed. (3) In survey- 
ing, the determination of the relative height of 
various stationN. 


Level Bnrface. A level surface may be defined 
a.s one parallel to the .surface of a fluid at rest, 
one w'. ich is everywhere at right angles to the direc- 
tion along which gravity acts. 

Lover {Maclianic.<). A rigid bar turning about a 
fixed point termed the FuLCUUM. A force is applied 
(usually transversely) at one point, and by means of 
the rigidity of the material is used to overctjme a 
second force or resistance applied at a second point. 
Tiie first force is u.sually termed the PoWBS, the 
second tlie Weight ; both terms are objectionable. 

Lever Box (JSng.) The frame or box in which is 
fixed the axis of the levers used in controlling the 
motion of a crane. 
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Lever EBoapement ( WateUea), A detached 
«soapemont in which the pallets, instead of being on 
the balance stafE, are mounted on a separate arbor 
carrying a lever, by the fork of which impulse is 
cortiraunicated to the balance, and unlocking per- 
formed. See also ItUBY liiN, Escapement, 

Lever Jack A small lifting jack, consist- 

ing of a support carrying the fulcrum of a simple 
lever, the short arm being applied to the weiglitto 
be raised, and the longer arm being moved by hand. 

— or Looker Jack {Lace ManyfacJ) An inter- 
ceptor, used in lace curtain manufacture, that is 
brought into and out of action by the positive move- 
ment of a Locker bar. 

Lever Safety Valve {Ling.) The form of safety 
valve C^.r.) used on m(jst stationary boilers, in which 
the valve is kept down by a loaded lever, hinged at 
one end to the casting which carries the valv(* scat, j 

Lever’s Machine {Lacc Manufac.') One of the | 
principal machines cmijloyed in the making of twist ( 
lace; invented by John Lover in J813. • 

Lewis or Lewisson (Build.) A device attached to 
a hoi^ting chain for lifting blocks cit' stone. 

Leyden Jar {Meet;) One of the earliest forms of 
electrical ( ujoxser. 1 1 con>ists of a wi<l e mouthed 
gbiss bottle or jar, the inside and outside of which 
are covered with tinfoil up to .a (;ertniii distance | 
from the top: these coatings form the two j»latos ! 
of tlie condenser, and can be chai-god up to a high 1 
difTcrenoo of potential by an electrical machine; I 
wL(n (Usoliargcd by mouicntorils connecting the 1 
coatings, a powerful spark may be u^uained. To ! 
facilibile charging and (!is<*liargiiig, t ie i»incr coat | 
is connected to a niclal rod r»rojec.tiiv loun ibc | 
mouth or opening of the jar, and tfinnnot(.d by a 
metal sphere. The inner coating is now often 
formed by a metal lining, or cvem i»y a suitable 
fpiantity of some c(»uducting litpiid, suc-h as sulphiiiic 
acid. 

LI {("'him,) The symbol for J.iTHirM {q.r.) 

Lias {Gcol.) The lowest subdivision «ii the 
Jurassic %stcm. In Western Europe tlic,'-e i or are 
chiefty of marine origin, and c»'nsist **f alternate 
bods of clay anti more nr less argillaceous liniestene, 
with some subonliuate sandstones. Several well 
detined zones, each characterised by the occurrence 
within it of some pai't iciilar species of Anjmonitc, 
form a remarkable feature of these rocks. 

Libenthenite (JA'/t.) A basic phosphate of copper, 
4CaO . TjOg . 11,0. Orthoiliombic ; in dark green 
crystals and ' massive. Cornwall, Hungary, the 
Urals, etc. 

Libration (Astrou.) Variations in the inclination 
of the moon s axis wldcli runsc its poles alternately 
to incline towards and recede from the earth are 
called Librations in latitude, labrations in Longi- 
tude are displacements at right angles to the above, 
'duo to variations in the moon's angular velocity 
round the Earth. 

Licb Gate or Lych Gate {Architect.) A gate at 
tiie entrance to a cluircliyard under I ho roof of 
which the first portion of the Burial Herx ice can be 
j*ead. 

Lickev In {Ccftton Alanufac.) A saw toothed 
covered cylinder at one end of a carding engine, 
about S) in, in diameter, which takes the cotton from 
the scutcher lap as it is fed, and transmits it to the 


wire filleted large cylinder for carding ; jsoinetij^iiCfl 
termed Takes In.** ^ 

Liebermantt’B Reaction (Chem:) There are Me 
totally distinct reactions knoiBli by this iiaxue|^ 
(a) In ordinary chemistry it refers to the JC^itrosQ 
licaction. When a nitrosaminc {%ce Mitboso Com** 
POUNDS) or a nitrite is added to phenol in conoen* 
trated sulidinric acid, the liquid diluted, and an 
alkali added, a beautiful blue to violet coloration 
results. (5) In Physiological Chemistry it refers to 
a colour reaction for albumins. When a pure albu- 
min is boiled with concentrated hydrochloric acid, a 
deep blue coloration is produced. The blue colours 
are not relate^ chemically in the two reactions ; in 
the latter it is probably chlorraethylfurfuraldehyde 
which is the cause of the colour. 

Lieblich Gedact {^dustio). Small scale gedact 

Cl/.w.) 

Lierne Rib {Architect^ A rib used in Decorated 
(lothic arcJiitectnre as an ojnamental feature in the 
rib and panel va\dts. It lies in tlie vaulting surface 
between tlic ridge ribs ami the ribs springing from 
Iho ijnposts, and divides tbe vaulting surface into 
panels. See KiB AND Panel Vault. 

Licpiie Vaulting {Architect^ Vaulting contain* 

ing Idoriie Uibs (y.».) 

Lievrite {Mhi.) An iron calcium silicate, 
n ,( ) . CaO . iPeO . KOjOj, . I SiO^. Ortljorhombic ; also 
m.'isrive ; black. From Elba, the Harz, Saxony, Nor- 
way, the United States, etc. 

Life {Buff.) The period during which an object 
may bo k(‘pi in actuiil iK^e, or, in the case of objects 
only used intermit I cnlly, the number of separate 
times it may be used. 

Lifebuoy SignaK St^e Holmes’ Signal. 

Lift. An appliance for raising weights through a 
'Vertical ^'li-'tanee, c.g. from floor to floor in a building ; 
it may be actuated by band or by machinery of 
some tics ription, acting by means of ropes or cables, 
or ruuy be directly connecied to the ram of a 
hydr.iulio pre^s having a cylinder of length 
Mifiicicnt to raise the weight the required distance. 

{Foinulrij), The upi)er ptjrtion of a mould, 

which is raised to enable tbe pattern to be with- 
drawn after it has been moulded. 

Lift BridgeB {Civil Bug.) A bridge with a road- 
way whicli can be raised bodily from its supports. 
It is a some- 
what unusual 
type ; the largest 
is in Chicago, 
where a roadway 
of 5G ft. width is 
carried over a 
span of I.'IO ft., 
and can bo raised 
to a height of 
l.=>r) ft. by steel 
cables running 
in vertical steel 
tt>wcrs at each 
end of the 
bridge. 

IAfteT(Foundm 
ry). A moulder’s 
tool used for ex- 
tracting loose X4CH Gatb. 
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sand from a mould; the term is applied also to 
iron books fixed so as to support the sand in the 
upper or Lift portion of the mould. 

Lifting (1) The process of removing 

the upper part of the mould or of withdrawing the 
pattern itself. (2) The bursting of the top of a 
mould through the pressure of the fluid metal. 

Llftiiig Blocks. ruLLET Blocks (q.v,) 

Lifting Plate (^Foundry^, Iron plates let into and 
fastened to a pattern ; they have tapped boles into 
which iron rods or handles teraied Lifting IJods or 
Bcbeiws can be fixed to aid the withdrawal of the 
pattern. 

Lifting Screws (Ftmndry'), Sir Lifting Plate. 

Lifting Shutters {Carjt. and Jinn.) Window 
shutters hung on cords like sashes. 

Lifting Straps or Irons (^Fmmdry). Strips of 
thin iron attached to a ijattem to serve as handles in 
withdrawing it from the sand. 

Lift Pump. The ordinary suction pump for rais> 
ing water a distance not exceeding 30 to 32 ft. ; as a 
rule, 25 ft. is regarded as the limit. Tlie lift pump in 
its simplest form consisi.s of a cylinder fittecl to a 
tube placed in a reservoir of water. A valve o] zon- 
ing upwards covers the o|7euing of tlic tutie at its 
junction with the cnliniler. In the cylinder is 
placed a piston worked by means of a lever — the 
pump handle. The piston is also fitted with a valve 
opening upwards. VV’hen the piston is raised its 
valve, owing to atmospheric pro.ssure, rcmain> clos('4, 
the lower valve opens, and air (or watei ) is sncke<l 
into the cylinder. When the pi.ston descends, its 
valve opens, and the lower valve closes. As tlic 
atmospheric pressure on the surface of tlic water in 
the reservoir is con‘'tani, it drives up the water into 
the tube; each stroke causes a further ri.se in the, 
water level, until ultimately it reaches the spout and 
escapes, also Pumps. 

Lift Valve {FnyJ) A disc or cup just fitting the 
valve opening or seat ; it ri.ses vertically, and so 
forms a passage round its erlge. The valves of gas 
engines, most pumps, etc., are usually lift valves. 

Ligature Tyj)e consisting of tw^o or 

more letters joined together and cast on one body, 
e,y, if, fi, ffi, fl, ffl. 

Light. Thai portion of the radiant energy tranv- 
mitte<l by wave motion through tlm ether (y.?\)whieii 
produces the sensation of sight when it falls on the 
retina of the ey'c, or wdiich is capable of jirrxlucing 
an image by its aetion on :i photographic ]>late. See 
also Intensity, Jxtf.ufuuexce, Poimbisation, 
Kbflbotion, Kefkactton of Light, 

dBuild.) (1) A general name for any kind of 

window. (2) The name gi\en to eaerh pcrpenflicular 
space or division of a window' that i.s separated by 
mullions. 

Light Garburetted Hydrogen {Chem.) See 
Methane. 

Lighthouse ( Oiril Eng.) The term lighthouse is 
usually applied to a Wty permanent structure 
erected on a rocky or solid foundation in the vicinity 
of some dangerous point of the sea coast. It is 
provided wdth a powerful light at the top, and the 
necessary accommodation for a staff of men, and 
frequently with bells, syrens, and other signalling 
apparatus. 


Lightning {Meteofrol.) When the air betwetm two 
clouds charged with electricity, or between a charged 
cloud and the earth, is subject to an electrical strain, 
and the strain cannot be resisted, a disruptive eleo* 
irical discharge occurs, and lightning is the result. 

Lightning Aprester {Elect, Eyig.) A device for 
])rotectiiig clecLrioal apparatus from the effects of 
iightning. In most forms a conductor connected to 
earth is placed in close proximity to conductors 
which are included in the circuit ; the atmospheric 
discharge occurs across the air gap so formed, rather 
than along the main wires of the circuit. In many 
cases this discharge would start a dangerous arc 
across the gap ; lienco most arresters have some 
automatic device for extinguishing it. The earthed 
conductor sonuitirnes posse.sscrs a series of projecting 
points, forming a Comb Arkester. 

Lightning Conductor {MrUorol.) A broad ribbon 
of copper running from the earth to a point or set of 
points projecting above the summit of a Imilding. 
The Imisc sliould bo connecto<] to a large mass of 
metal er some other conducting suijstanco buried in 
the earth. 

Light Petroleum (Fknn.) Ligroik (q.v.) 

Light Railway {('ivil Eny.) Local or branch lines 
constructed in a cheaper manner l,han ordinary rail- 
ways, and often running along or beside an ordinary 
road. 

Light Ratio {Astron.) The absolute scale atloptcd 
for star magnitudes (</.«?.) 

Light Running ( (1) Machinery is said to be 
“light running*’ when the Irh'tion a1 llie bearings 
is iv.duced to a minimnni. (2) The term is also 
a]>plied to mnehinory wht'ii the load or w’ork done i.s 
much below its u'-ual value. 

Lights (Paiutiiig^ etc.) Those part.s of a picture 
where the light appears to l>e most brilliant; any' 
j illuminatufl surface or object as represented in a 
. pi('tnre. iVee ChiakoscuRo. 

I Lightship Eny.) A strongly built ves.sel 

I ari(;lu)re<l near ^h()als or rocks, and carry ing a powerful 
i light, thus serving as a lighthouse. It is coii.structed 
so as to roll as little as possible in rough weather, in 
order that the light may he steady. 

Light Year ( Istron.) The unit of distance adopted 
in .stating the di.slames of stars, since the diameter 
of tlic earth's orbit is too small to serve as a unit. 
The length of this unit is about sixty-tliree thousand 
time.s tile distance of tlic cjirth from the sun. 

Lignin or Lignine {Botany). The constituent of the 
cell wall.-- of t he elements of wood and ba.st fibres. It 
is probably a mixture of .several compounds. 

lAgfkMe {Geol.) A variety of coal in which tlie 
vegetable tissues have lost only a small part of tlieir 
component oxygen ami hydrogen, the process of 
conversion being incomplete, under Coal, 

Lignum Yita. See Woods. 

Ligroin {('hem.) ' Tlie fraction of American petro- 
leum which comes over on distillation between about 
90® and 120'". It consists chietly of parafllu hydro- 
carbons containing from 6 to 8 carbon atoms ; and it 
is useil chiefly as a solvent for organic substances. 

Liliacea {Botany). One of the largest Mono- 
cotyledon orders, cosmopolitan in distribution, and 
varied in haliit. It includes the Onion, Shallot,, 
(larlic, and Asparagus among food plants ; others yield 
fibres, resins, and drugs, while the purely ornamental 
members of the order are very numerous. 
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Limb iAstron,') The edge of the disc of the moon, 
.Bun, or a planet. 

Limbos {Arch^Bol.') Ihe rim of a orator or ^ine- 
oup. 

Lime {Botany). A variety of the citron ( Citi'us 
mfdiva ; var. acida ; order, Ihitar&oi)^ producing tlie 
well known fruit and beverage. See Citbus mid also 
Woods. 

{Htem.) A popular name for calcium oxide. 

Calcium Compounds. It is also used in com- 
bination, as in the popular names Culokide of 
Lime (bleaching powder, Milk of Lime (cal- 
cium hydroxide in water), Quick Limts (calcium 
oxide), Slaked Lime (c^alcium hy<lroxide), and 
SurEBPHOapHATE OP LiME (a mixture of calcium 
acifl phosphate and calcium sulphate). 

Lime Blast {Lvother Manufae.) A stjiin on leather 
due to the lime on the skin or hide having become 
carbonated, owing to exposure; to tlie air or to 
washing in hard water. Forms dark cloudy stains on 
finished leaiher. 

Lime Blue (Dec.) This is an almost obsolete 
pigment. Its colour is due; not t-o lime, hut to copper. 
The lime is really a iiliing. I’he manufacture con- 
sists esseutiully in ]j*ocipiiating snlpliate of copper 
sf»]ution Avith ammonia, adding more ammonia so as 
to rodissolvc the blue ].>recipitato of cufuic hydrate, 
and then gently heating with milk of lime. A pre- 
cipitate consisting of a inixt ure of ealciiiin sulpl.ate 
iind hydrat.e<l cop])cr oxide is gradually formed ; 
this is tiltcred oil, waslied, and diied at a low tem- 
perature. The ammonia may be gencratc<l by tliC 
lime, and to do this sal-arnirumiac i.s first added o 
the sul] 'hale of oo[iper. "More milk of lime is then 
required, as calcium chloride is foriTic<l as well as 
Bidpliato, and lakes no part in the formation of the 
pigment, being w.ishcd away in the liltratjen. Caic 
must be taken that only very moderate Ju at is used 
in making lime blue ; high temperatures blacken it. I 
Taiuc blue has the faidtsof all copper i)igments — ?♦/-. 
being XK)i.soiious and tiirninsr black <m exposure to 
th<* air nf towns. L-ltramarino is often passed off as 
lime blue. 

Lime Light. Scf Oxvitydbouen Flame. | 

LimeBtoncB (^rMi/.) lh»ck.s, usu.dly of nrganico- j 
cbemical origin, w hich consist essentially of cai bonate j 
of lime in a solid state, fonm:d chieffy in the sea, but 
in some cases also in fresh water. Tl)cir origin is due 
in large measure to the vital action of animals or of 
plants, which conv(Tt solutions of other lime com- 
]>oiJiids, especially the siil]>hate, into tlie carbonate, 
this being eventually left in the solid form. The 
waste products ak'^o of these organisms, living or 
d(fad, sot up chemical reactions upon ilie lime salts 
in solution around them, and thus cause preci]Htates 
of carbonate of lime, which arc added to the organi- 
cally formed conslitiienls, and serve, to form the 
compound under consideration. 

Lime Water ( Clmn . ) Sre Faluhtm (Jom pounds. 

Liming {Leaihrr Mannfac.) To reimne the hair 
from skins and hides, they are soaked from one to 
three weeks in a mixture of Inm* and wjiter. Iliis 
liming swells the skins, and enablcKS the hair to be 
removed by luind or machine. Sec aho Leathek 
Manufacture. 

Limit of Elasticity. See Elastic Limit. 

Limma (*S5p#/?/<Z). The ratio of two notes of 
frequency, 1<5 and 36, Le. the inti5vval } J. 

Limoges Enamels. See umler Enamels. 


Limonene ( Chem.) See Tebfenbb, 

Limonite (Min.) A hydrate of iron, 2 FejjO« . 3H.^0. 
It occurs in mammillated forms having a radiating 
structure, or more often in crusts and amorphous 
masses. Light yellow to blaak. Streak always 
brownish yellow. As clay ironstone it is muoh used 
as an ore. Of very wide distribution. 

Linalool {Chem.) (Dimethyl — 2 : 6 — octadien — 
2 ; 7-01-6) (CH 3 )., C : OH . OH, . CH^ . COHOH,. 
Oil : CIL^. For the name see Komenclatueb. A 
colourless liquid smelling of May blossom ; boils at 
114°— 19S® ; it contains one asymmetric carbon atom» 
and itsdextro, laevo, and inactive forms are all known. 
Dilute sulphuric acid converts it into terpinhydrate, 
while glacial acetic acid and sulpliuric acid convert 
it into terpincol. On oxidation it yields methyl- 
heptenone and then Imvulinic acid (f^.r.) Lktalool 
occurs in many sweet smelling oils, e.(/. free in oil of 
lavender, oil of linalocs (from white cedar ot Cayenne), 
coriander oil, etc. ; and a.s acetate in oil of lavender, 
oil of l>ergaraotte, etc. It is best obtained by fractional 
distillation of oil of linaloes. Used in perfumery. See 
aka Terpenbs, 

Linarite (Min.) Basic lead and copper sulphate, 
l"bO . CuO . SO 3 . ILO. Mono.sym metric, ft occurs in 
crystals of a characteristic blue colour, as the result 
of tlie decomposition of other lead ores. A rare 
mineral. From Cumberland. Leadbills, Spain, etc. 

Linch Pin. A pin put through a transverse hole 
in rile axle of a vehicle to prevent the wheel coming 
off. 

Line. (1) A mathematical conception^ having 
length and diretition, but no breadth or thickness, 
( 2 ) A nautical term for the Equator (y.r.) (3) A 
unit of measurement equal to ^ of an inch; now 
raiely used. 

(Art), Contour, outline, method of rendering 

fonu. in pi. the word .signifies Desi(;n ; the dis- 
tinctive features in a de^-ign or in tlie composition 
of a picture, apart from the cohjiiiing. 

(Linen Mtmufac.) The best portion of the 

flax after it is hackUul or combed. Hometinies the 
}>oint.s and root ends are cut off, leaving only the 
centre portion, wliich is the most valuable. It is then 
callcit “ Cut Line.” 

Linea Elastica (D//y.<f.) Elastioa. 

Line and 'Pins (Build.) A long line attached to 
iron pins. Used for keeping the courses in a brick 
wall stiaight. 

Linear Velocity. The velocity or .speed with which 
a botly moves along a path 
whether straiglit or curved, fis 
distinguished from Angulab 
Velocity (q.v.) 

Lino Engraving. Sec under 
Eng HAVING. 

Linen Fold (Arehitrct.') An 
<;rnament used on pancl.-N, and 
re.sembling the foliis (;f linen. 

It was introduced late in the 
Fcrpendicular style. See Dohse. 

Linen Manufacture. Linen 
is made fnun the fibmns inner 
bark of the Linuni 
wuntf whence it takes its name. 

The cmimoii name of iho plant 
is “Flax,” from the Dutch Lmim Poiu. 
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Tiasch or ^rman^ Flacks, It probably the oldest 
textile fabric in cxUtenoe, and was much estoeSned bj 
the ancient Egyptians, who were skilled in its manu- 
facture thousands of years betoie the Christian era. 
l>rawings representing the various processes of 
manuftuiture are to be found depicted on their 
tombs, and it was regarded as an emblem of purity 
because it was not eaten by moths, did not rend 
^ easily, neither was it furnished by any animal 
subjedi unto death, as silk and wool were. The 
plant has wide range, and may be found in the 
DU^ning plains of Egypt as well as in the frigid 
Kussian climate; but a temr^erate climate is most 
suited to the growth of a good fibre. Tlie phmt is 
now largely cultivated, bt)tli for its fibre and seed, 
in Holland, Belgium, Franco, and Ireland, also in 
Russia, where large quantities of a coarser descrip- 
tion are grown. The best flax comes from Courtrai, 
where the* water of the lyvcr T.ys is particularly 
suited to retting it. A moist temperate climate 
favours its growth, and when properly grown it is a 
very pretty crop, with its long slender stalks about 
2} or 3 ft, long, terminating with bunches of 
delicate blue flowers. Wlicn it is considered ripe 
enough, it has to be carefully pulled and tied up in 
bunches. It is then rippled to clear the seed t»ff, 
and may be either dried and stacked, as on the Ct»n- 
tinent. or at once steeped, as is done in this couutiy. 
The steeping or “retting” of the flax consists of 
placing it in large dams of stagnant water, where 
the gummy matters binding the fibres together and 
to the stem of the plant ferment, and are dissolved 
away. This allows the fibrous portion to be easily 
stripped from the stern. The time required to effect 
this varies considerably with the temperature, but 
about ten or twelve days will usually be sufficient. 
As soon as fermentation ceases, the retting process 
should be carefully watched, as it is very important, 
in order to avoid waste in the subsequent processes, 
that the flax should be just sufficiently retted and 
not overddhe. When sufficiently .steeped, it is taken 
out of the steep hole and allowed to drain, and 
afterwards spread on grass fields to dry and get the 
sun and atmos])Iiere, which completes' the steeping 
process, and enables the fibres to be more readily 
separated. This process i.s called “gra.ssing” or 
“ crofting,^ and usually occupies from six to ten days 
accofding to the weather, fine weather with occasional 
showers being the best. When .sufficiently grassed 
and dry, it is gathered up and bound into sheaves. 

>It may then be stacked or taken to the scutch mill 
for “ scutching,” Scutching con.sists of beating out 
the bone, or stem of the plant and leaving the fibres. 
Tliis is u.sually done by Imlding the flax in handfuls 
over upright pieces of flat iron, close to which strong 
wooden blades fastened on a shaft are rapidly 
revolved. The handfuls of flax arc turned till they 
are ^uite clean, with only the fibre remaining. 
Many methods have been tried with the view of 
euperseding retting and scutching, which are very 
prnnitive processes, but they have not been very 
successful. When scutched, the fifix is sent 1o the 
marketR, where it is purchased for the spinning 
mills. The flax has now to be manufactured into 
yarn and cloth, and the first process is to comb the 
liaxfin order to free it from all short and twisted 
fibres and .separate all bunches of fibres that may be 
sticking together. The combs consist of a number 
of pins fix^, in a block of wood, and the flax is 
drawn in handfuls over these till it is quite straight 
and clean. The combs vary in fineness ; the fir.st, 
called a rougheris tool, is strong, with the pins set 


wide apart, and the trork is called “roughing.*^ 
The finer hackling used also to bo done by hand, bui 
is now done by machinei^ The bunches of flax^ 
suspended by one end. are combed by steel comW 
fastened on an endless chaiu beginning with medium 
coarse combs, and passing on over finer ones till it 
is finished. When one end of the flax is combed,, 
it is turned, and the other enU combed likewise. 
Sometimes this completes the hackling, but more 
frequently it undergoes a still finer process of hand 
hackling over very fine combs. Tliis is called sorting, 
as the men who comb the flax separate it int.o 
parcels of tlifferent degrees of fineness. Bometimea 
the flax is used the full lengl.li of the fibre, sometimes 
it is cut across. When dressed, the flax is called 
“line,” and if cut it is called “cut line.” Tha 
combings from the line and the ends cut off it fidl go 
as tow, and are carde<l and span for tow yams. The 
line is now roruly to be prepared for spinning. 
Bpixning Mills are usually divided into “ dressing,”" 
“preparing,” “spinning,” and “reeling” depart- 
ments. Tlic preparing inclmles the various pr(.»- 
ccsscs necessary to make the flax into a “rove” 
ready for spinning. The first thing to be arranged 
is the mixture of flax to be used to make a yarn of 
the quality reepurod. It i.R then taken to the spread 
boards, where it is spread out in small parcels over- 
lapping each other and drawn forward on revolving 
bands to a sot of rollers, which press the parcels of 
flax together, and form them into a flat tape 
siiffi^'ientlv fiim to hold togethe r. At the same time 
that the llax is being drawn forwards a numlKir of 
small combs called “gills” arc mode to rij^e up 
through it, and on the other side of these a second 
set of rollers, rovobing more quickly than the first 
ones, draw out the band of flax through the gills 
. and make it a finer and nioi‘c uniform tai;>e than it 
I otherwise would be. This t.a])e of flax i.s called a 
“.Rliver.” The sliver Is now very much thicker 
than wouM be required for spinning into yam, and 
also if spun in this way would make a very irregular 
thre.ad, tlic iiiick.s and thius being caused oy over- 
lapping the small p»arccls of flax when spreading 
them out, and l>y reason of these parcels not being 
exactly alike in tlii(’knc.ss. A thread mode by 
twisting this first sliver wouhl b(‘ \cry irregular iu 
thickness, and to overcome this difficulty several 
! silvers are next run together (called doubling), 
and are then drawn out greatly in length, the 
I operation being repeuted until the resulting sliver 
is pretty w-ell equalised in thickne.S8. At the 
[ last drawing aiirl doulding it gets a .slight twist, 
and is wound on large bobbins in a frame called a 
I “roving frame.” Tliis completes the “preparing” 

' process, and the rove is ready to be spun. Flax 
Vaen is spurf on two systems, which are much alike 
iu principle, though they vary considerably iu 
detail. In both, the spinning is done on the throstle 
or fly frame, the principal difference being that iu 
one ca.se the rove is .spun dry, whereas in the other 
it passes through water of varying degrees of heat 
before it reaches the drawing rollers, according to 
I the quality of yarn to l)e .spun. It then paasea 
I on to the spindles and flyers, where it gets the 
requisite amount of twist, and is wound on a bobbin* 

1 The f>roccss is the same when the rove is spun dry» 
j but wlKiu spun wet the fibres of flax are more easily 
[ <lrawn on each other, and the machinery must bef 
arranged to suit the requirements of both cases. 
When the bobbins are full, they are cleared off 
and empty ones put on the spindles by little girls 
called “doffers.” When wet spun, sometimes tha 
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yam U dried on the bobbins and used in this 
Stato for making cloth, but more frequently the 
bobbins are sent to the reeling rooms to be reeled 
into hanks. The reels are large cylindrical frames, 
90 in. in circumference, and 6 or 8 ft. long, 
fixed to revolve in a horizontal position, and a 
number of threads from bobbins set on pins at 
certain distances apart are attac;hed to these, and 
the turning of the reels winds the yarn on them 
from thq bobbins. Every 120 •revolutions winds 
800 yards of yarn from each bobbin round the reels, 
and this is one “cut,” and is separated or marked from 
the next one by twisting a piece of twine round it. 
When twelve of these cuts arc wound on the reels, 
they are full, as twelve cuts make one hank, and this 
is the way the yarn is put up. The hanks are now 
taken off t ho reels and sent to the drying loft, where 
they are dried on ix)le.s. After this they are m.ude 
up into bunches of 3, 6, 9, or 12 bundh's, each 
bundle containing 60,000 yards of yam, or JG haiilis 
and 8 cuts ; sometimes, how'ever, there are only 10 cuts 
put to a hhnk, and then 20 of these hanks are required 
to make a bundle. It is by the bundle the yarn is sold. 
The fineness of wet spun linen yarn is reckoned 
by the ifumber of cuts tlu,re are in 1 lb., but the 
fineness of dry spun yarn is usiully reckoned the 
weight, of the “spindle" or “spnngle*’ of 4 hanks; 
thus if a spindle of yarn weigl.ed 2 lb, it would be 
called 2 lb. yai ii. Wea v : J .ineii yarn is frequently 
woven in t.)e raw or “green” state and blea'died 
afterwards; but as Ihcrt) is a great loss of weight 
from bleaching, the yarn for heavy cloths must be 
rodueed in some way hef'ore they arc woven. This is 
usually iU5comidish<*d by boiling in alkalis, wl ich 
makes a reduction of 10 to IT) per<xmt. The weaving 
of linen is conducted much in the .fiaino w'ay as 
cotton weaving, but the yarn will not bear friction 
so -well, though it is niueh sti onger. It ha*' very little 
elasti' ity, so that it requin‘s strong machinery and 
all friction reduced a.s much ns p(;s.',ible. S metimes 
the yarn is u-sed from tlie sj'jiimer’s bobbins, but 
frequently in tlie hank state. Jt has to be wound 
on spools atid warpe<l on btjams in tlie u^ual w^ay, 
and then may be run from these on to the w'ca\or*8 
beam if strong yarn and in the grt^en slate, otIierwd.se 
it must be drtissed. - Dressing ” is brushing the yarn 
over with some sort of a glutinous mixture, such as 
Hour paste, to strengthen it, and lay all the loose 
fibres on its surface. {Sizing or boiling in starch, as 
is prfictised in the cotton trade, does not do for 
linen yarn. The drcs.siiig is applied cold, and all the 
threads of yarn kept sepaiatc ainl not allowed to 
stick together. The yarn i.s run on to the wreaver’s 
beam in the dressing macl inc. The cloth is then 
woven, the greater portion of it being made into plain 
texture, though twills, fancy textures for towellings, 
and damasks for table linens also constitute a con- 
siderable part. A great quantity of unions are also 
made, as they are cheaper tlian pure linen, but are 
not equal to it in quality or st rength. These are often 
termed “ linen,” and sold as su . h. When wo\ en, the 
linen is either finished in the brown or loom state, or 
it may be bleached and dyed. It docs not take dyes 
so well as many other fibres, and the (jolours, especially 
rich ones, look rather poor on it ; but some shades of 
colour suit very well No fabric bleaches to sudi 
a rich pure white, and this, with its durability, 
if properly made, are its premier qualities. The 
linen trade in this country has its principal scats in 
and around Belfast in Ireland, and Dumfermline 
in Scotland. Originally Dublin used to be thi 
centre of the Irish linen trade, but the trade worked 


.northwards, and Dub|in has but little of it left. All 
cloth made from fijax dr linen yarn is, broadljr speakh^^ 
linen ; but speaking definitely or in technical tHrms; 
only cloth of a plain texture, or with the warp imd 
weft threads pa«=sing over and under each otiher 
alternately, is called linen. — ^T. F. B. 

Linen ScrolL See Linen Fold. 

Line of Action. The mathematical line (^.v.) along' 
which a force is exerted. 

Line of Continuation (Music). A horizontal line 

following the figures in a figured bass to indicate tfkat 
the preceding harmony i.s to be continued for so long 
as the line of continuation is placed. 

Liner (Dec.) A sable brush having a square tqp 
and hair about 2 in. long, used by coach anct 
carriage painters for drawing lines on various parts 
of coaches. Tfie term is also applied to a tool used 
by 1 louse painters, made of hoghair bristles set in 
tin ferrules, and usually called Fitchbs. When 
made with a bevelled edge they are intended for 
drawing straight lines in decoration, and are then 
termed liners. 

(Dnf/.) A tubular piece of metal placed 

inside a bearing, cylinder of an engine, etc., to 
compensate for the wearing away of the original 
surface. 

Line Shafting Tlie principal shafting running 
through a factory, from whicli the subsidiary shafts 
(countershafts, etc.) are driven. 

Lines of Force. If a small electrically charged 
body purfcctly free to move in any direction be 
placed m an electric field, it will move along a 
cmlinuous definite path, wliicb is usually a curved 
line. The tangent to the curve drawn from any 
point on the curve is the direction along which the 
electric force is acting at that ijoiut, and the whole 
line is tcrmetl a Line of Fouch. In a maguetio 
field similar lines of force may be dratyn for the 
direction along w'hich a single magnt'tic pole tends 
to move. The main propcrtie.s of lines of force are 
as f.dlows : (.1) They run frcim a positive charge (or 
pole) to a negative one, always starting from one 
kind of charge (or pole) and finis.hing at another. 
(2) They (;on verge or approach each other (though 
they never cut nor touoli^ in tlic parts of the, field 
where tlie force is stronger, and diverge where the 
force is weaker. The number of lines in any part of 
the field may be taken as proportional to the force at 
that place. (3) The actual number of lines is not 
finite, since we may imagine a line running through 
evciy^ pnint in the space occupied by a magnetic 
ficUl ; but we may adopt any ct'nveiiicnt convention 
conne(;ting the number of lines and the actual 
electric or magnetic force at any point. This is 
settled by the units employed. The accepted system 
implies that both unit polo and unit charge corre- 
spond to 47r^ lines of force, inagnotio and electric 
respectively. From this it follows that the electrical 
force at a point in air is equal to the number of 
electrical lines of force passing through a unit area 
surrounding the point, and at right angles to the 
lines, the same relation being true also for a magnetic 
field. If the medium is not air, its SPECIFIO^IN- 
DircTiVK Capacity (yt?.) or Pebmeability 
has also to be taken into account. (4) The lines are 
everywhere at right an^es to the EquipotbiitIAL 
SCBPACES; hence electrical lines of force ending on 
or starting from a conductor always out its surface 
at right angles. (6) The arrangement of the Unes is 
affected by the nature of the medium through which 
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they run. If a portion of material which has a 
higher Spbcipic Inditctive CTapacity than the 
surrounding matei*ial be introduced into an eleotrio 
field, lines of force crowd into it from other parts of 
the field; similarly the magnetic lines crowd into 
mateml of higher Permeability (fi'.v.), such as 
iron, when placed in the field. 

Lingoes {Si lit 3fa7Uifac,') lioad drawn out to a 
form ot' wire or cable, cut into lengths of 7 to 10 in., 
varying in weight from 12 to 80 to the pound, and 
attached as weights to the lower ends of couplings 
carrying the Mails in Fkjubed Harness O/.f.) 

Lining, Harking, Setting Out (Enff.) Marking 
on a casting, et<\, tlie principal points, centres, ami 
lines from which the dimensions of the finished work 
are to be measured. 


Lining Paper A white paper for hanging 

on walls and ceilings, as a foundation f(jr the pattern 
paper. 

Lining Papers {Bind,) Sec End Papers. 

Linings (Join,) A general name in jtdnery for tlie 
internal work, finishings, etc., in a building. 
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{Mof.y ffr.) A coating of various refractory 

materiaL'^, such as firt'clay, which is placed over the 
inner surface of furnaces foundry ladles, etc., to 
prevent their destruction by fluid metal. 

Link {Enff,) (1) Any connecting piece in a 
machine. (2) The slotted bar connecr^cd to the end.s 
of the ecceiitiic rods in LiNTc Motion {q.v.) 

{SiffVCf/inff). See M'UKJHTS AND MEASURES. 

Linking Up (Emj.) Ste IjInk Motion. 

Link Motion (-t/i//.) 'Ihe reversing device nsctl 
for working the .dide \alve in locoiuntivc.^*, inaiims 
engines, etc. The valve rod A, one end of whicli is 
attached to 
t U e slide 
valve, termin- 
ates at its 
other end in 
a block B, 
wliich slides 
in a slotted 
Link cd. To 
the ends of 
this link are 
connected the rods E andF. to the ends of which an' 
fixed the Eccentrics h and k (q.v.) The Imk cd 
<‘an be raised or lowcrc.d by a system of levers 
attached to the link, so that cither the upper 
eccentric rod E or the lower one f is in line with 
the valve rod A. Either eccentric can thus be 
made to drive the valve lod, the other one merely 
producing an oscillatory inotioii of the link whitui 
does not affect the valve rod ; and if the> two ec- 
centrics are so fixed tliat they drive the valve in 
opposite directions (relatively to tlie stroke of the 
piston), then the engine can bo reversed by raising or 
lowering the link, so that eitner e or F is in line with 
the rod A. In thepo.sition sliown, termed Mid (jEar, 
the valve remains at rest ; by setting the link in an 
intermediate position, with the block B l>ctweon the 
middle and end of the link, the time of cut-off, and 
therefore the exiransion of the steam, can be varied; 
this is known as Linking Up or Notching Up. In 
Gooch’s Link Motion the link is fixed, and n is 
connected to the valve rod by a hinged connecting 
rod : in this form the link cd is curved in tli(i 
opi>osite direction. Jn Allen's J.ink Motion a 
lunged valve rod is also used ; when reversing, the 


link and the connecting rod are each moved in 
opposite directions: in this case the Jink CD is 
straight. 

Linotype Composing Haehine. See under Type 

Betting Machines. 

Linseed. The seed of the flax plant ; much need 
for feeding cattle and for making linseed oil, linseed 
meal, etc. 

Linseed Oil etc,) The oil chiefly used by 

painter.s and decorators. See OILS. 

Linstock (Arms). A pike, generally with branch- 
ing arms on either side, shaped to hold the lighttHl 
match for firing the cannon; it also served the 
cannoneer as a weajion of defence. The lhi.slock vras 
u.‘ied first in the sixteenth century; it sometimes 
merely of a staff with a jiointed end, for 
sticking” in a deck or in the ground, the other end 
being fashioiieil to Imld the match. 

Lint. A name frequent lyapjdied to flax or the flax 
plant : alsti linen scraped into a soft substance, used 
for drc.ssing wounds. 

Lintel (JiniUl.) The horizontal member of wood 
or stonii forming the top or hcml over a door or 
window' opening, and supporting the masonry or 
brickw'ork above. 

Lion (Her.) The lion ranks first among the 
animals used in heraldry, and apiiears on many 
Ui»yal shield.-'. It is blazoned in numerous attitudes, 
eacl: bearing a particular appidlation. The teeth 
and claws aic call'd their ‘‘arms”; they arc gene- 
mlly anncvl gules unless otherwise .sjicciJicd. 

Lioncels {Her.) When more than thn.'c lions are 
borne on one .‘shield the} am called “ lioncels.” 

Lion Combattant (//cr.) Tw (* rampant lions placed 
facing cuch other ; when back to back they are 
Addorsed, 

Lion Couchant (Her.) At rest or lying. Tlie four 
leg- -irel<'l.fd out on the ground head erect, facing 
<lcxti‘r.s. 

Lion Coward ( Her.) A.« jiassant reguardant, but 
with tail between his Icg.s. The orc.st of Arthur 
Tudor J’riiU5c of Wales vas a lion coward. 

Lion, Demi Rampant. The forequarters of a lion 
with the u[»i»er jioriion of its tail. 

Lion Dormant (Her.) Asleei>, head resting on or 
between forepaw.s, which arc extended on the ground. 

Lion Passant (Her.) The position of the lion 
when walking tviwurds the dexter. Three paw.s on 
t'le ground, tiie fi/urth (dexter forepaw) raised ; the 
tail curved over the back, and liead looking straight 
in front. 

Lion Passant Guardant (Her.) Similar position 
of body to pas.sant, but w'lth head facing spectator or 
affronte. See J.eopard. Old armorists term the 
above a Leopard. 

Lion Passant Reguardant (Her.) The same as 
puFsaut, but w'lth the head turned, looking back 
towards the .sinister. 

Lion Queue Fonrehee {Her.) Having two tail.s 
or double queued. 

Lion Rampant (Her.) Stands erect on his hind- 
legs, with one of his forelegs elevated above the 
other; the tail is also elevated and the head in 
profile. The red lion in the royal arms of Scotland 
is a lion rampant. 
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Lion Rampant Gnardant (ZT^r.) Similar to ram- 
pant, only the head placed affronts — i,e, with the 
face towards the spectator. 

Lion Rampant Reguardant (2Ier.) The same 
position as rampant, but with the head turned back 
or dontournd— t.tf. looking beliind him. 

Lion Salient {Her,) In the act of leaping or about 
to spring, hindlegs together on ground, forelegs 
together extended. 

Lion Sejant {Uvr.) A lion sitting on his haunches, 
head erect, facing dexter. 

Lion Statant {Her.) Standing on the four feet, 
the bead in profile looking towards dexter ; tail 
extended. Tlic crest of the I)uke of Northumberland 
is a lion staLaut. 

Lion Statant Guardant {Her,) TLic same as 
statant, but with head affionte ; lail extended, as in 
the well known crest of tlie Howards. 

luVp {^ng,y etc.) (1) The bent mouth of a ladle, 
etc. (2) A point or other part of the cutting edge of 
various tools. 

Liparite ( OiW.) A semi-crystalline r<>ck of the 
typo eiJiitted as lava from ilie priucijjal volcano of 
the Lipari islands. It nun es in chemical composi- 
tion with that of the granites, and, like that rook, 
normally contains alkali felspar (usually Orthoclase) 
and sofno free quartz. It*, highly cellular (or frothy) 
varieties form PuMiCi:, while its com pact vitreous 
varieties are distinguished as Owsiijtan. Idagioclase 
felspars, and one or more of the ferro-magncsi.an 
silicates, such as Biotit<‘ or Ih^rnblende. may also be 
]'»resent, but in small proportion to the rest. 

Lipase {Chem.) An enzyme which occurs in fresh 
pancreati<'. piice, in castor-oil '<ee<l.s, linseed. ])oppie>, 
etc. It has the property of resolving fats into 
glycerine and fatty acid, also of hydrolysing many 
other esters. Its action has been shown to tui re- 
versihh* ; it can bring about the r<nmiori of the 
alcoitol and acid to reproduce the ester. 

Liquefaction of Gases {Phy^i.) All the gases, 
wdlh the possible except ion of certain newly dis- 
covered ami very rare, elements, can now be liquelied. 
The essential feature of the rnethoda in use ct»nsi>ts 
in subjecting the gas to a sullieienlly low tem[iera- 
tnre. Carbon dioxide, which can easily be liquelied 
by pressure alone at oidinary temperatures, since its 
critical temperature (y.v.) is 31° (\, is commonly used 
to furnish one step in the production itf e<»ld. Hy 
allowing the liquid (10^ to evaporate rapidly, solid 
CO« can be obtained, which, when mixed wdtb 
ordinary ether forms a liquid whose tcmiierature 

falls to — 77“ C. If a vessel full of ethylene (</.c.) be 
immersed in this liquid, the gas become.*^ lifiuefied, 
and the liquid ethvlenc, on being allowed to 
evaporate, falls to a tcinperatui c of about — 150“ 0. 
To obtain the .still lower temperatures necessary for 
the liquefaction of oxygen am I nitrogen, a “regenera- 
tive ” method is employed. The gas is <'ompressed in 
a receiver which is strongly cooled ; a stream of this 
gas is allowed to flow through a coiled tube 
surrounded by a jacket, the outside of w^hich is 
maintained at a low temperature. At the end of 
the spiral is a airtall outlet, the size of w hieh can be 
regulated by a valve. As the gas escapes fi\>ni tins 
orifice it expands, and in so doing beconujs cooled. 
It then flows up through the jacket, and still further 
cools the apfiral tube. Thus the stream of gas flowing 
through the spiral becomes colder and colder, until 
at last it is cooled down to its point of liquefaction. 


and drops of the Ijquid collect in a vessel placed 
beneath the outlet at the end of the spiral. Still 
lower temperatures may be obtained by atilising'''ihe 
rapid evaporation of gases liquefied by this method, 
and hydrogen may be liquefied and even solidified. 
It is believed that if liquid Helium {q.v,) could be 
produced in quantity, a temperature within 6®0. of 
the absolute zero could be attained. 

Liquid. A liquid is a Fluid {q.v,) which is dis- 
tinguished from a gas by the fact that it occupies 
a definite volume, whatever be the size of the 
vessel in wdiich it is contained, and it always pos- 
sesses a definite surface, which is horizontal when 
at rest. 

Liquid Driers {Deo.) See Driers. 

Liquids, Elasticity of {Phys.) Liquids show 
Volume Klas'J’Icjity only {q.v.): tiiat is, they do not 
oiler resistance to forces tending to change their 
shape. See Elasticity op Volume. 

Liquorice {Botany). A demulcent drug derived 
from the fresh or dried rhizome of the plant 
(Tlyeyrrhiza glahra (order, Leynnimoisa'). 

Liriodendron {Botany). L. iuHqnferay the tulip 
tree, belongs to tlie Magnoliaecfr, It is a native 
of North ‘America, and is of value for its wood. 
See Woods. 

Liroconite {Mhi.) A hydrous basic aluminium 
and coppfjr arsenate of very complex composition, 
^lonosv mmetric. Of a beautiful blue green colour. 
Fri»m (’ornwall, Hungary. 

Lisiere {Silk Jifanu/ao ) Sec LIZIER. 

Lissajou's Figures (Somtd). Figures produced 
by a •^po1 o: light, alter reflciction from two mirrors 
which arc describing simi>le Ijarmonic vibrations 
along tw^o paths at rigi}t angles to one another. The 
mirrois are usually fixed to the tips of two large 
tuning forks, and th(' spot of light is cither a.llowed 
to fall on a hcrecn or observed through an eye-piece, 

Listel {Architect,) See FlLLET. 

Listing (Textiles), See Selvedcjb. 

Litharge {Chentu and Her.) A common name 
for lead monoxide. See Lead COMPOUNDS and 
Dmi:RS. 

Lithia Mica {Mm,) A synonym for Lepidolitb, 
(»/'»• ) 

Lithium, lA{CheM.) Atomic weight, 7. A silvery 
white metal ; melts at 180°. It is the lightest solid 
known (sp. gr. '59) ; bums with bright white flame 
on being heated above its melting point in air; 
water converts it into the hydroxide, but much less 
(Miergetically than in the case of sc»dium or potas- 
smm. Lithium has a characteristic spectrum con- 
sisting of one line in the red, and one weak line in 
tlie yellow; by means of its spectrum a quan- 
lily of lil Ilium less than milligramme 

can be detected. On account of the extreme 
delicficy of this test it has been shown that lithium 
is a widely di'^tribnted element — thus, it occurs in 
seawater, in many mineral .springs, in the ashes of 
many plants, e.g. in tobacco ash. Tlie chief minerals 
containing it are tripl.yline (i/.r ), potalitc 
lepidolite"(/7.r.). and spodumene {q.v.) The metal is 
obtained from its chloride by electrolysis either of 
the fused chloride or oi its solution in pyridine, 
using a carbon anode and an iron or platinum 
cathode. Lithium belongs to the same - group of 
elements as sodium and potassium (Group I. of the 
Periodic System). Its salts bear a general resemblance 
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to lihoso of oodiom and potasslq^, the mofe notable 
diSerehoes being as follows : its ohloride is strongly 
deliqnedcent^ its salphate does not form an alum, its 
oart^nate and phos]^at6 are far less soluble in water. * 
. Lithium salts (carbonate and citrate) are used in 
medicine for gout, because lithium biuiate is a fairly 
soluble salt. 

Lithography. The art or process of drawing or 
wriUng on a special kind of stone, or transferring 
drawings, designs, or writing to such stone, for the 
purpose of reproduction in ink. The process was 
discovered by Aloys Senefelder at Munich about 
1798. Lithographic stones consist of a compact 
homogeneous slaty limestone, presenting a very 
smooui surface when polished. Suitable stones arc 
obtainable from many countries, but the best come 
’ from Bavaria, the country where the discovery of the 
process was made. When the design has been pro- 
duced upon the stone with special ink or clialk (or 
transferred to the stone), the surface of the stone is 
etched by means of a mixture containing about two 
parts of nitric acid, tlie ink or chalk design being 
unaffected by the etching medium. The result is 
that the design is elevated above the surface of tlie 
stone to an almost imperceptible degree. Tlie next 
process before printing is the removal, by means of a 
solvent, of the whole of tlic material employed to 
effect the design. The stone is then wetted. Tlie 
design is unaffected by the water and is capable of 
receiving printing ink fri>m the roller, when^as the 
etched ijortion wlien damp will not take up the ink. 
The desired impression can then be obtained by 
passing ttie stone through the press, Chromo- 
JJTHOGBAPHY requires the employment of as many 
different stones as tiiere are various tints or colon r.>, 
one stone being printed from after another upon the 
same sheet, the whole of the printings when com- 
pleted fitting and blending together and giving tlie 
required result. Much success in colour printing 
lias recently been obtained by Algrapiiy, a proces.s 
in which aluminium is substituted for the litho- 
gi'aphic stone. 

Lithopone QJDer., He.') The name given to a white 
pigment of Continental manufacture, of which Orr’s 
Zinc White {q.v.) is the prototj-pe. Also spelled 
Lithophonis. 

Litmus ) Bounded or cubical blue granules 

consisting cliiefly of ciialk and gypsum, and contain- 
ing only a little of the real colouring matter. 'Ihe 
colouring matter occurs in various lichens (Iloccella 
tinctoria) which grow in Norway, Sweden, the Canary 
Islands, and on the shores of the Mediterranean Sea. 
The lichens are dried, yjowdered, and allowed to 
ferment for several weeks in presence of urine or 
ammonia. Luring the fermentation a substance, 
Oboik, is formed, among many others. The oroin, in 
presence of air and ammonia, forms Orcktn, winch 
yields litmus by further fermentation in presence 
of ammonia. The colonring matter so obtained 
is mixed with chalk and gypsum. Litmus is 
a mixture of substances, the true colouring agent 
being a substance called Akoltthmin, of unknow'n 
constitution. Azolithmin is a dark brown amor- 
phous solid, sparingly soluble in water, insoluble 
in alcohol, soluble with blue colour in alkalis, in- 
soluble in strong acids. Jt can be prepared from 
commercial litmus by extraction with cold water, 
acidifying with hydrochloric acid, and evaporating 
with sand to dryness. The dry powder is sprcaci 
upon large filters, and washed successively wilh hot 
and cold water, and again dried. The dry powder is 


now wa^ed with hot water cantatuing a Utile' 
ammonia. The eolutfon, which now contains the. 
asolithmin, is neutralised, and it is ready for use. 
The azoUtbmin can be obtained from it by diluting 
and acidifying with sulpbiirio acid, when the colour- 
ing substance is precipitated. Cloc^ litmus solution 
is a very sensitive indicator for acids and alkalis ; 
but alkaline carbonate must be titrated boiling, so 
that carbon dioxide, which reacts acid to litmus, 
does not remain in solution. Litmus solution kept 
in closed bottles changes in colour, owing to the 
action of aniprobic bacteria; it regains its colour 
on access of air, or will retain it in a closed bottle 
if a little thymol is added. Litmus jjapers are pre- 
pared by soaking iin glazed paper in litmus solution, 
rendered just alkaline for blue papers and just acid 
for red papers, and afterwards drying. 

Litre. See WiiiGHTs and Measures. 

Little Masters (Art), The term applied to a 
group of* German artl'ts of the sixteenth and seven- 
teenth centuries, so called from the smallness of the 
prints they executed. 'I’hcy were chiefly influenced 
by Diirer, aud incliuled amongst their number 
AJdegrever, Burgkrnair, and Altdoifer. 

Littoral Conditions (^reol.) The geographical 
conditions which occur in the zone extending from 
high water mark outwards to a depth of a few 
fathoms. It is generally understood to refef to the 
marginal zones of the sea ; but it is not infrequently 
applied also to the marginal zones of lakes. The 
Littoral zone is usually regarded as tlie belt over 
which marine life is most fully developed, and it 
also coincides with the chief zone of marine 
cro^ion. 

Littoral Leposits (Oenl.) Bock materials which 
have been funned or have accumulated close to the 
sl;orc lino, in coutradistiiiction to PELAGlO or 
Thalassuj dejMJsits formed under conditions of 
decr>cr water. Tticy are uaually cither sands and 
gravels, or else ih.eir compacted efpiivalents, sand- 
.stone and oongh »merau*s. Tht y arc gonerally ebarao- 
tvrised by containing the \ostiges of shore animals 
and plants. 

Lituus (Archfpol.) The staff or wand, with one 
end curling rouii'l, used by Homan augurs. Ibe 
prototype of the bishop’s crozier. 

Live (EleH. Enq.) A conductor is said to be live 
or alive when current is flowing in it, or when it is 
at a high potential. 

(Eng.) A moving part of a machine is some- 
times termed live or alive in contradistinction to tJie 
fixed parts. 

Live Load ( Eng.) A weight or load on a struc- 
ture which varies cither as regards amount or position. 

Live Ring (Eng.) A circular channel under a 
Turntable wdiich are a number of rollers, 

called 1.1 VE Hollers, which support the weight of 
tlie table, and thus form a kind of large roller 
bearing; a similar device is used with large 
revedving cranes. 

Live Steam (Eng.) Steam which has not been 
expanded, as disLingeished from €^.xhaust steam. 

Lixiviation (Chein.) Q'he process of extracting, 
by a suitable solvent, the soluble product of a 
chemical change which has been effected in a sub- 
stance or mixture of substances by heating to a high 
temperature. The solution obtained is often called a 
Lye. For an example sec the Leblanc Process, 
Alkali. 
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UsIeiPt Utlmu or Bd|e (iS^A Jfom/ixo.) The 
selvedge of a oloth« usually made either groa or twlU, 
aud warped on a bobbin separate from warp roll. 
It is frequently striped In a special airaugement of 
colours, by which oertaip qualities and mikes of 
cloth are known. 

Load JSng ) TJie output, in watts, required 

from a dynamo or other eloc tiual plant oi machinery, 
the ekctiioal power whieh the plant is roqumd 
to fnrnish to the circuit which it supplies 

— » {Mng) (1) The weight suppoited by a 
stiucture (2) The power furnished b} an cngim, 
etc , under an\ gnen circumsl inc( s 

Load Curve Lnq ) A (im ^ showing the 

tot'll power furnished at c'vh piiio<l oi instant 
Ihioughoiit the da}. 

Loading. A t( rm signif\ mg the idd tion of c hina 
(la> and other minor i Is to jmlp in oidtr to produce a 
papei suitable for pimting illustiatious, /.<. an Atti 
P 

Loadstone. Lodfstom 

Loam {livUd ) A mixture of '^ind and d i} 

(lotnidn/) A mixtuK of hand, <Ua, ind 

«>ome maltnal ol a fii ions n itiiK , use I for rnil ing 
( ics or forming moiil Is h> tlf use of iloiin bui<l 
Ol striking boirO, iii^tc nl of by tlic usi of a pittcin 
(>< ision db a 1. i\M l*AriiKN is mnjt and usid 
instead ol an M<bnai\ w< oden pattern, thl^ jno 
ciss IS us\ vl 111 tin lase nt Ingiobjtds of ciicnlu 
Mttnn ami the pittun is ioruu I in much the sane 
wa} as a core 

Loam Board (round? tj) A bon 1 ulnsetdgt !•» 
cut to tlu Mint ui or mtlinc of ^ nm c I'.tinKt it is 
used loi ionningacun IjunmoiiUl oi loini] ittiiu, 
in lieu of U'-mg ii^ooiUn pittiin A sinij»l< cihu 
dll al casting , laige iron i)i]>ing, etc ( in b( in mlh I 
in this wa\ the < >u being loiiiu \ siuiiuth md 
inserted in th< ( rdmin wn A lo iin i mid itciuius 
to be diie<l aitiliciall} bi fon the met il is p( un d. 

Loam Brick A 1 lo k ot dm 1 loim 

u«ed in building uji tin Isigir poiti ms of a loam 
mould 

Loam Mill (/' vndi v) A kind ol mortar mill 
used in the loundn toi Hiding an<l iiiixin^ loam 

Loam Mould (^Ftundty) Stt I^oam and Loam 
Boauo 

Loam Pattern (/(»?/ ( Lovii. 

Lochrian ( V/cn/c ) Mom s 

Locker. A snong box, (hc-.t, or c rapirtment 
setun d b\ alotk, a smill cupbiard, cspeciilly one 
uiicU 1 A sc at 

Locker Back ) j&r Moumain Rail 

WWB 

Lock Kut (JMg) A tl in mixiliar} nut scicwed 
oil I lie top of an oidinar} nut to proicnt the lattci 
from working loose. 

Look Rail (Joint ry) Jlie rail of a door on which 
the loe k Is fixed I ^ualh the middle rail 


Locks (C%nl JjfKj ) A dcin o ust foi transfciiing 


a vessel between 
two parts of a 
stream, canal, o> 
harbour, at diffei- 
ent le\eK Iwo 
look gates, A aud 
B, enclose a space 
n, whose bottom is 



Locks 


on a level with the lower part of the dhkhixAi To 
pass a vessel from 0 to D, it is first admitted by' 
openiug the gate A, the water being made level ill it 
and c by a sluice in A. The gate A and the slmoe 
are closed, and a slnicc in b opened until the water 
in B is level with that in i>, when the vessel can 
ixisb into the njiper chinnel Locks arc always 
used when there is an ad< quite supply of water m 
the u];pci part of the channel 

Lock Saw (Catp , ett ) Soe Keyhole saw 

Loco iFriff ) A common abbicviation for IjOOO* 
MOIUL 

— ( l/wvic ) In the pitch as wnntten, used after 
hy*> or svft b issa, to show tn it the written pitch is to 
be ic'^umtcl 

, Loco Plant, Loco Weed (Ifofany) A 

leguminous p]int(i ptdc'.tf found in 

tin west iiid soulh-\v( 1 of the 1 nited States. When 
t itc n b} c ittlb it causes looo di^ean, an affection of 
the bi nil. 

Locomobile (^Motor Cars) A lume given to a 
bght t > iss « f stt iin ( ars oi \mciiciD make. 

Locomotive (J-o/) I snails .i railway engine, 
ils jupliKi to tl u tion ♦ ngmes (/j ?* ), i citain lolnl^ 
ot motoi ( rr (tsjjtcnlh sttain o us), and to clectnc 
molois moTinlc I on an inicpcndint ichiclo for 
clrnwiii., clcitjie tiains 

Locomotive Boiler (Eng ) See Boillbs 

Locomotive Crane ( Enq ) A pow ci cr me capable 
of 111 lining tl tig i lim oi lails piopclUd by its own 

Clinic # 

Loculus, Loculi (A? ) A small chamber 
Ol i< t i» an lent tnubs ioi the reception of a 
boh Ol 111 111 11 Sft ( u \COMB 

Lodes (dtil and Mnufir/) Onginalh a Coimsh 
miiiLis t im foi mmtial veins coutaimng one oi 
nine ot ih( oies of thi mitals, lud n >\\ use cl in that 
•■tnst. ciitrdl\ The loKs usinll} i icnpy tlio inlei- 
vt ning sp loe betwc < n the oj jmsilt walls o “obecks ” 
ff I lissuie. In nc irl\ all caws this iissuie coiisti- 
iutes pari of i f lult oi disloc ition, of the countiv 
lock on otic sK^c leluiie to Hut on the othei Tlit* 
OHS, md Ihcir aci mipanMUg ginguo or ‘^iidcr,” 
usuiUy occur m a kij iricgulii^and spondic 
nuniiei thiuugliout tn height and*ltngthot the 
1 )des, md t tir extent in a longitudinal dmetion 
genei ill} much txc ( ds tlut from below upwaids. 

Lodestone or Loadstone (Fltcry The natural 
magiut, consisting of the oxide ot iron, oi 

At v(iN t IITL (qi ) T liL w 01 1 1 idestouc moans ** h ad- 
ing stmt,* from its power ot acting as a coinjass 
nt itlK and “ lo uhtoric is an im oir^ 1 1 spelling 

Lodgings (//yc//£ /it) Stt Uoisls llt in Lodg- 
ings 

Loess (Ckol) A gtologuall} rectnt deposit of 
loam, t>rturung ovtr wide iit is m snmt T>.iits of 
Luropi, and on a still more oxti nsiie stale in China. 
In the 1 liter countiy tht 1 1 1 ss appt ais 1 > bca clepo«>il 
which his aiiscn flora tin 1 continued deposition 
of dust transpoitod liom tit st it r*.^! ms b} the wind. 
It IS consideied bx manv ])trsons tl at thi Eiropoan 
laiess IS due, in like m innoi, to dusi deposited under 
stcp|H» conditions. The bji k earths of the soiith- 
eist A Lnglmd aie siqipon d b'^Tniany to have been 
loimctl in this way , but the fact that they contain 
large bonldcis, and show evidence of cxnmpling, such 
as ih pioduccHl by fioating icc, &oems> to render that 
MOW untenable. 
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Log. A L'b'OABTTHM 

( Carp., A largfe piece of timber, either 

in it.8 original shape or roughly dressed by ihe axe, 
but not sawn, 

Log'ai*ithm. A Common Logarithm of a number 
is the index of the power to wliich the numbtn* 10 
must raised to give the number ; thus 10 must be 
cubed or raised to tlio power 3, to give 1,000 ; hcn(;(‘ 
the common logaritb.m of 1,000 is 3. The number 
10 is called the Base of llic rommun logarithms. 
Natural or N APT ETHAN Logarithms are calculated 
to a different base, the series denoted in matliomatical 
books by v. The sum of ibis series is 2*71 S2S . . . 
The njitural logarithm of a number can be found by 
muliiplying the common logarithm (taken from tables 
of logarithms) by 2‘3'J2 jS. 

Loggia (Arc/tjY'V*^) An arcade on the facade of 
a building, forming a gallery open to the air on 
one side. 

Logotype {.Tyjwff.') Two or more letters in tlicir 
normal form, or Mimciimes a word, cast <m one body. 
Cf. Ligature ( Typoff.) 

Logwood (Jifltany). The dye substance TI-EMA- 
TOXYLIN (♦/.»’.) is i'Muiid in t!ie hcarrwood of the 
stem of JltPmafoyylon pcchiftnnvt {Lcyumhw^te'), 
Sea aUo vndrr Dyrs AND IhEJNG. 

Long (Mi/xir). Str y OT I :s. 

Long and Short Work {Architect.') The name 
given to the ashlar quoins 
used in^tbe rubble walling of 
Anglo-Saxon work. The quoins 
were formed of flat and upright 
courses alternately. See Block 
AND «TART. 

Long Column (S'ny.) A 
column of material whoso 
length is more than iweiity 
times its diameter. Such a 
column gives way by bending, 
whereas a short one gives way 
only by crushing. 

Longitude, Celestial i 

{A.Htr(m.) Latitude AND Longitude, (‘eleh- 
TIAL. 

, Libraiion in {A.sfron.) See Libratjon. 

Longitudinal Elevation. A ^de \iow of a 
structure. 

Longitudinal Section. A view siiowiug a section 
through an o'oject from rd to end. 

Long Letters i'Cypoff.) betters extending above 
or below the alignment -ff the brnall IctUr.s, e.y. 
h, f, g, h. 

Long Primer {Typng,) 'J’ypo of a size between 
small pica and bourgeois. See I’t pe. 

Longwall System {Mining). Sec Mining. 

Loofah {Botany). 'Die loofah, u>ed as a natural 
flesh brush, consists of the vascular network of ilie 
fruit of a pJa.nt of the cucember family, lAijfa 
eegyptica (order, Cneurhitdcvai). 

Loom. The machine used for combining and inter- 
lacing the warp auchweft threads so as to form cloth. 
Each loom is fitted up to suit ihe particular clas.s of 
work required — that is, cither with a tappet, dobby, or 
Jacquard shedding motion. A loom with one .shuttle 
box at each end of the sley is called a plain or stripe 


loom, and would only admit of ono colour or thick- 
ness of weft being inserted with the warp. This 
combination would be called a plain or a stripe cloth» 
according to the weave. Some looms are fitted up 
with more than one shuttle box at the end of sley, 
and arc termed multiple box or check looms. These 
are capable of producing various coloured patterns in 
the cloth, known as check dloths. A loom is lightly 
or heavily constructed to suit the class of work which 
it ib require*! to produce. The hand loom is very 
svhlom used in the cotten trade, except for pattern 
woa\ing and experimental purposes. Power looms 
are worked in facAorie.s pj iucipally by steam motive 
power, and for goo*l working a steady motion is 
requisite. The ])Ower loi>m is automatio so far as 
reganls its essential movements for the production 
of cloth, whi«‘h arc : (1) Opening the bhed or making 
a tlivlsion in the warp threads for the shuttle 
to pass through; (2) picking tlirough the shultle, 
which carries the weft ; (.3) beating up the weft. 
The first ib aceoinplished by the shedding motion; 
the second by the picking motions, wliich are of two 
kinds — («) overpiekb, {h) underpieks ; Ihti third 
by the crank ami sley each time a pick of weft i.s 
inserted liy the shuttle. Auxiliary mot inns in the 
101 tn of taking up and weft stop motions are also 
attached, tlie.se being absolutely necessary for the 
pioduotion of perL'Ct cloth. Th(' taking up moti*>n 
automatically regulates the eJtiseness of the welt 
throad.s or picks as the clotii is w'ovcn, and to a 
certain extent determines the quality. The weft 
stop motion imnmdiately stops the loom if the weft 
in the shuttle breaks or becomes exhausted before 
the weaver perceives it. "J’h<* ret'ogniscd prae.tice in 
the trade ar tin* present time in England is for a 
wf'aver to atteml Irom four to six looms, the duties 
being to replenish the wx f t in the shultle as it 
becomes exhausted during weaving, piece up bruken 
warp threiuls, and attend to other minor details. 
Efforts are now being marie by some munufardurors 
to get. \vea\crs to attend from -ix lo eight looms by 
attaching a warp t)irea<l str»p muiion to each. Witli 
this system a weaver must (h.pcml on the cfiicieiicy of 
th** stop motion to produce pci feet cloth. Several 
forms of automatic s!iutiiing or shuttle changing 
mt»tion.s are now b«,ing irh-d for plain work. No 
re.sLiltb of a de finite (diaraeicr lane yet been arrived 
at in England, although a large number are in 
openition in America. The new motion allo\\b a 
weaver to attend from twelve to twenty looms. A 
coiisideiablc amount of skill is lakon fT*>m the weaver 
and i»ut intrj the loom ruec}iani‘'m. The following 
are the chief automatic w'eft supply looms on the 
market : ( l)Northrop,(2) f laltersley, (3)Harriman,(4) 
baker Kiji, (o) Uowburn. J>i>5t;iilpiHON OFORDINAiipr 
I’oWKK Loom.- -The warp beam c is placed in brackets 
bcliiml the loom. All the warp threads are pas'-ed 
<»vcr bacjk rest rail D ina broad .sheet and split uji by 
hiascj rods E, vvhi<di servei to keep the threads in their 
[)roper order, before they pass thiough the eyes in 
healds 1 and 2. For a plain weave the threads would 
be drawn alternately tlirou«:jh the eyes on healds 
J and 2, and again passed tlirough the reed F, two 
tlircad.s in a dent or split, which is held in po.sition 
by sley G and hsiidrail H, they in turn being 
secure*! to sley sword l, working on rocking railM as 
a fulcrum. \Vh(;n tlic wari> is in process of inter- 
lacing with the'wtdt, the cloth will be formed at K 
and pass over the breast beam N round feed roller P, 
and on bo cloth r*jller R. 3’he whole stretch of warp 
from c to N i.s kept at suitable ten.sion by chains and 
weights round the warp beam c. An oscillating 
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motion is imparted to the sley by means of connecting a “ shed *• is formed, and wlien full r 'pen the shuttle^ 
rod 8 from crank T, which is on the main driving x carrying the weft is shot or “picked * through^ 
filiaft of the loom. Immediately below the crank By the time the shuttle has passed through the 



Tio. 1. 


shaft is fixed tappet shaft v, on which are placed tlio 
plain tapjiets oi A and A*. This shnU (»nl' 

makes one revolution for wo of tlie crank sliaft, 
consequently the i:tpp<*t.s ci iie in <*niit:irf ANith t’uur 
own lovers b and n' nllernatciy. The simple 
oiKtraiion of weaving is j tfiinm'd ns fujlows- As 
the tapfjcts A and A' levnh they ui»triUc (*n leM'is 



Fici. S. 

B and and by this means raise and depress healds 1 
and 2 alternately, e.g, the depression of lever b and 
heald No. 1 is the means of raising heakl 2 through 
top roller W. All threads drawn through the eyes of 
bealds No. 1 are raised, and all threads dnuvn through 
the eyes of bealds No. 2 are depressed. By this means 



and reached the bo\' on the other side of sley, tie 
loom crank will have moved the sley to its most 
forward position, ami hy means of the rood the weft 
will bo forced to the fell " of the cloth at K. Before 



the return passage of the shuttle the healds are 
reversed, owing to tapjiet A* being brought in contact 
with lever b'; tiien the shuttle is again picked 


through, and the weft afterwards beaten up as before. 
The fact of all odd tlireads being lifted when even 
tlireads are down, and mcti versa, each time a “ pick ” 
of weft is inserted, enables a woven cloth to be pro- 
dnced^which is vciy firm and strong, considering the 
amount of material which may be put into it. The 
ordinary method of “ darning” gives one an idea of 
.a plaip weave, a diagram in plan being here given at 
lig. 2 and a section at fig. 3* AVhen the warji threads 
are requited to be put cloacv together in the reed, and 
a different mcthoil of int-crlaciJig is required, such as 
4ii twill weave, more shafts of liealds are ncciessaiy. 
This involves the use of difl’crcntly constructed 
tappets, which are mostly worked from counter 
shafts, actuated from the tajjpet shaft v or l»y s^^fcial 
gearing froiii the crank shaft at one end of the loom. 
A three end t will would r<'quire a three leaf tappet, 
a four end twill would rc‘(iuiro a four leaf tiippot, and 
so on. Fig, 4 shows enlarged weave plan of a four 
end twill, produced by a four leaf twill tapjKit, 
working four healds in succession for two picks ujj 
and two down. Fig. 5 is .sootional view showing one 
pick of weft intersecting wdtli warj) threads. Small 
figured weaves are usually produced by means of 
the dobby machine, the tappets Ix'ing di.spensed 
withi When the juitterns to boiuoduced are beytmd 
the capacity of the dobby, then the Jacquard machine 
is used. 

Looming {MeiettroL') An ajpearanco allied to 
by which distJint objecits become 
-visible at a greater altitu<le than their true on<j, 
•or actually inverted, over their actual ijosition. It 
is probably <hie to a layer of hot and rarefied air 
some distance above the level of the ground. 

— (Te^etile Manu/ae.') See Loom. 

op* Tarn {'VextHr Manvfao.) A fancy yarn on 
which curls or J<*. -p-s are forim-d on the twi.stijig 
frame. It is a yarn extcu.sivob used in fancy fabric^ 
and also in fabrics w'itli a curly surface. 

Loofb {^liuin/f'). Fine material or sludge left nr. 
refuse from the washing of tin ores. 

Loose Centres Supports resembling a 

pair of PoPPF.T JIkads (y.r.), u.scd to Iiold cylindrical 
objtjcts while marking owl, or while certain operation^ 
.fire being carried out in the planing or slotting 
machine. 

Loose Coupling A coupling (y.r.), which 

can readily be disengagecl or thrown out of gear. 

Loose Eccentric An fjccmtric which rides 

loose on the shaft,, but is provented from turning 
completely round by two fixed stojjs. When in con- 
tact with one of these it drives the engine forward ; 
by bringing it in contact with the other stop tlie 
ongine is reversed. 

Loose Cland (Eag.) A ring used for making a 
watertight joint in iron piping. It serve.? to furce a 
rubber ring into the socket, and is kept in place by 
bolts. 

Loosening or Rapping {FowiAnj), Tapping a 
pattern which is being moulded in order to loosen it 
slightly in the sand and facilitate its withdrawal. 

* Loosening Bar {Foundry'), A bar of iron used 
for loosening or rapping a pattern. 

Loose Pieces (Foundry), Parts of a complicated 
pattern which can be detache<l from the main 
portion to facilitate withdrawal from the mould. 


Loose Pulley (£%.) A pulley which can turn 
freely on ^ shaft ; it is placed alongside a fixed or 
driving j^ulcy, so that the driving belt can be shifted 
on to it when the machinery driven l:^y the belt is to 
be slopped. 

Lorry * A flat truck. 

Loss ( hMg., etc.) A part of the energy supplied to 
a maohin*; which is dissipated by friction and is not 
converted into useful work. 

Lost Aniperes {Elect. Eng.) The portion of the 
(‘urrent generated by a Shunt dynamo, which flows 
ilirougli the e.oils of the field magnets instead of 
tlirougli the cxtonuil circuit. In a good machine this 
port ion is usually only a very small fraction of the 
total current generated. 

Lost Volts {Elect. Eng.) Tliat portion of the 
total E.IVI.F. g<mc;rated in' a Series dynamo which is 
required in oriler to send the current through the 
coils of the field magnets. The voltage thus lost is 
very small in a good niacliine. 

Lost Wax Process {Fomullng). A motliod of 
bvcuize founding in wliieli a cure is covered with a 
wax mu<lcl of an objccit of whicdi a casting is re- 
quired, the wax being made of the .same thickness 
as it i.s intended the metal shall bo, Wlien the 
modt'l is complete, the wax is covered with a porous 
cLiy. and the whole b.aked in a ])it ; the wax, of course, 
melts during the luoct'ss, and runs off through 
oiHiiiings left fc^r tluj purpose. The space that was 
eeupied by the w'ax now form.? the mould for the 
metal. 

Lotus Capital {Avchitrrt.) Three types of 
Egyptian caifital — the eaiiipaniform, the clustered 
lutiih bud, and tin* ])lain L>tu*> bud caifitals — were 
donvvd trom the lolu^ fiowor in ditferent stages of 
(le\clupjiieiil. The oulliric of the plain lotus bud 
capital is sinjilar to tliat of the clustoi-ed lotu.s bud 
(apital, but its horizontid section is :i circle, whereas 
that oi the latter a series of convex segments. See 
J.OTi:S Li;i) (.’apital, Pampaniform 
CAPITAL, IIATIIOU llKADKU CAPITAL, and I'ALM 
CblPlTAL. 

Lotus Flower {Architect.) An Egyptian water 
lily. Thi.- fiuwfU', cumentionally treated, wiis freely 
used in Egyptian arohitecluie. 

Louver (A 7 *ch.eeol.) A domed turret or lantern 
with latcL'd openings, fixed on tlio roof of the hall 
in a inedlmval building in oi<ler t.» carry off the 
smoke which rose from tlic open hearth. 

or ItOWVV^ {Enild.) Strips of wood or other 

material running across an opening, the plane of 
each strip beiiig inclined to the viTlical plane, .anfi 
its lower edge ovcrbi)ping the strip below it, but 
not toucldng it. The space.? thus left between the 
sfrips are available for ventilation, but. rain, etc., 
is excluded. Used for sliutters, ventilators, etc. 
'J’he spelling LouvRE is incorrect, though it is com- 
monly usecl. 

Louvered Ventilator {Build.) A frame with 
inclined boards, strips of glass, or other uiaterial 
i i. aivcrs), arrange* I so a.s to admit air but exclude rairu 
See aUo i.OL’VEU. 

Louvre. The name of the palace in Paris in which 
are placed many of the finest examples of art 
po.ssesscd by the French nation. 

{Build.) The common spelling of Loitveb 
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Low (Meteoml) A term generally applied to 
cyclone centres in contradiction to HiGHt|the centres 
of anticyclones. > . 4 ^ 

(PHni,) Used to imply that parts of a 

printed sheet do not show up clearly, e.ff. jn the case 
of worn type. High. 

Lower Case {Ttjpog,') The case that contains the 
small letters and spaces. Cf. UpptiB Case. 

Lowestoft {Pot*') A small manufactory of porcelain 
was established at Lowestoft about the year 1756. 
The wares produced were never of hifjli standard or 
•of great importance. So-called “ Lowc^stoft ” china 
is almost invariably of Chinese manufact.ure. The 
fjWitory was closed about 1804. I.owestnft china is 
of poor quality, and the ornamentation of it is 
slight and inferior. 

Low Flash Oil. Oil whose vapour becomes spon- 
taneously ignited at a comparatively low temperature. 
St^e Flabhing Point. 

Low Moor Iron (J/ir?#.') One of the best qualities 
of wrought iron, made at T.ow' Moor in Yorkshire. 

Low Pressure Cylinder {Eng.) The larger 

cylinder of a eomy)ouufl engine, in which the steam 
unrlergoes its final expansion before escaping. See 
Steam Engine. 

Low Red Heat. A temperature of about 1300® F. 
(700® 0.) 

Low Relief See lUs* R elief. 

Low Warp. Tapcjstry in which the warp {q.v.) 
takes a horizontal [Ui^ition during the pro<*ess of 
weaving. This facilitate-, its maiiufaoturo, but the 
result is not supposed to equal high warp tapestry. 
,>V'/7 lliGii \VAi:r. 

Lozenge {Jhr.) A diamond shaped, four sided 
cliatge set perpend ieulariy on a sliii'ld. The sliield 
of an nnmarrit'd woman or of a widow i.s of this 
siiapc. A shield di\ ided by diagonal lines crossing 
forms a jiattern called loze.ngy. 

Lozenge Moulding {Arrlutecf.) An enriched 
moulding, uso<l in ? on nan are! (i reel ure, consi.-ting of 
a repetition of lozenge si u[)e(i forms. 

Lubricants. The theoiy of lubrication is the 
iiiterpoMli'.u between two smface-s which mb to- 
gn-Lhcr (by reason of the inution of one or of l>oth of 
tliein) of a subsiauce wJiIeh has a smaller co-efficient 
of friction with both tlie surfaces concerned than 
they have one with another. Lubricaiion, then, is 
using something to diminish friction, and therefore 
waste of pow'cr, and, what is of even more importance, 
pleating of the surfaces and possible consequent 
seizure from expansi»>n and .stnppago or breakage of 
the machinery. E.\[>erience has bhriwm that fats and 
petroleum are the beat lubricants, wdth certain special 
excentions, the chief of which is graphite, used for 
wooden gearing which would ab‘<orb grease or a 
liquid lubricant. To know wlmt lubricant to use in 
.u given case is very important, and many different 
kinds and combinations have been tried for various 
purposes, with the result that a large number of 
lubricants are in use. The prime n'quisite of a 
lubricant is that it shall dimmish friction, as above 
stated. It follows from this that drying oils such 
418 linseed or poppy oil, whi(5h become sticky and 
resinous by exposure to the air, are unsuitable. The 
lubricant most remun between the surfaces during 
the motion. Hence for heavy bearings a thicker 
lubricant is required than for light ones, which, 


although they would diminish friction more, would 
be squeezed out from the bearing. The speed at 
which the axle is driven has also an imxx>rti^ 
influence on the choice of a lubricant. Other thiii^e 
being equal, the higher the speed the thin]qer and 
less in specific gravity must the lubricant be. The 
factor of time comes in here. A very heavy but 
slow running axle can be and must be fed, with a 
comiDaratively viscid lubricant, and there is time to 
overcome the cohesion of the oil particles so that 
they slide over one anotlier and over th.e lubricated 
surfaces. If the same axle were run at a high speed, 
internal stresses would be developed in the oil &yef, 
the overcoming of which would necessitate a large 
amemnt of power. It will now easily appear that it 
is difficult to find a good lubricant for heavy axles 
run at a high speed, and that in any erase a com- 
promise must be effected, and the lubricant fitted 
as nearly as may be both to the w'eight and to the 
speed of the axle. Of course, light, fast running axles, 
such as cotton mill spindles, aib easily provided for, 
as are heavy and slow moving axles. Another im- 
portant point is the temperature at which the lubri- 
cant has to do its work. This is why oils for bearing.*? 
are so different from the oils used for lubricating 
pistons and stufling boxes in steam and gas engines. 
It is quite ‘evident, to begin with, that an oil which 
might be too viscid at ordinary temperatures might 
be just right or even too fluid when subjected to the 
heat of steam or gas explo.sion. Again, the chemical 
constitution of the lubricant must nf>t undergo an 
injurious change, owing to the temperature or the 
action of steam or hot gases. Steam is a most 
energetic chemical reagent at high temperatures. 
One effect of high temperatures is to carbonise 
the fat. li that happens, the function of lubrigir- 
lion is seriou.'-ly interfered with, and in a 
engine carbonisation is extremely likely to happen. 
High pressure steam decomposes fats into glycerine 
and fatty acids, whoreby not only is a part of 
the lubrication lost, but chemical . action ensues 
betvrcen the fatty acid and the lubricated sur- 
faces which soon Lads to clogging and imperfect 
fit ting. The glycerine is carried away into the 
(ixliaust. It is obvious that for high temperatAires 
oils and fats are quite unsuitable, and no better 
lubricants are known for cylinders than heavy 
jjctroloum oils. Those are extremely stable chemi- 
cally, have low co-efficients of friction, and are fluid 
enough at the high temperatures with which they 
meet. They cannot turn acid, and are as free from 
cLiomical action, wdietlicr on steam or anj'tiiing else, 
as can be desired or hoped for. Many cylinder oils 
on the market are mixtures of mineral oil with ordi- 
nary fat. These should be shunned, as the presence 
of the mineral oil does not prevent the occurrence of 
the difficulties above detailed as a result of the 
action of high temperatures on animal or vegetable 
fata. The dark cylinder oils are an intermediate 
fraction of petroleum, the light oils having bden 
removed by distillation, and the solid ingredients of 
the mineral oil by cooling They vary greatly in 
usefulness, as well as in colour and consistency. 
They have a low specific gravity, averaging about *9, 
and a high Hash point ( 2 (>G^ to 285 C.) The pale 
cylinder oils have a higher specific gravity (about 
•925), and a considerably lower flash point (often 
low as 220® F.) They are inferior to the dark oils in 
all respects. As regards the tests of a cylinder oil, 
it should, in the first place, contain no volatile con- 
stituents. Its weight ought to remain constant -at 
the boiling point of water or somewhat higher for 
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many hours. The heaviest oils evaporate slosrly 
below their boiling points, but even after thirty- 
four hours at 110° 0. the loss should be less than 
1 per cent. The flash point should be fairly high, 
not less than about 260° C., and the viscosity 
must be considerable, and should not be greatly 
lessened by the temperature that is known to prevail 
in the cylinder to be lubricated. Tiieoretically the 
specific heat should be as high as possible; but the 
point is of no practical importancT, seeing the small 
differences between the specific heats of different oils, 
mineral or otherwise, and tbe small quantities that 
are used. As regards lubrication at ortlinary tempera- 
ttires, graphite or talc is most useful for very heavy, 
slow running axles. Both should be mixed with a 
solid or liquid fat, according to the temperature of 
the workshop. Tallow is excellent for warm shops. 
Lard, tallow, castor oil. heavy petroleum oils, or 
mixtures of them all answer well. Probably any 
vegetable or animal fat is improved by petroleum, as 
the mineral oil kecfffe the bearings clean. In this 
connection it may be mentioned that all fats must 
be scrupulously freed from every trace of membrane 
or tissue if they are to be used as lubricants. Such 
impurities are esijecially common in solid fats, and 
a number of samples should be examined under the 
microscope on a heated stage. When the fat on the 
slide is fused, any fragments or skin ran be at once 
detected, and show that the stuff is unlit for use. 
For high speeds under heavy y)res.surc, rape and lard 
oils are largely used, generally mixed with heavy 
or light petroleum oils, according to the working 
temperature. For rapid, light running inachinc» \ , 
sperm oil is the fiivoiirilc lubric^ant, but olhe and 
rkpe are much used, both alone and mixed with li.e 
lighter petroleum oil. In general, two diffort'ot lubji- 
cants should be used for a macldne, for U i.'* alim.si 
invariably iho case that different parts of it run 
under different pressures and at ( lifferent spcjcds. 

Lubrication {Cycles), -A.n exposed chain is best 
treated with finely crn.shed graphite or black lead, 
freed from grit and vrell rubbed on. All other part.s 
should be lubricated with any good machine oil. 

Lubricator A receptacle for lubricants. 

It may be a simple vcs.sel communicating with the 
bearing, etc., by a tube or channel, or it may be 
supyfiied with some device for pouring or forcing a 
stream of oil into the bearing. 

Ludlow Rocks {Gcol.) A general term for the 
upper third subdivision of tbc Silurian Hocks, taken 
from the name of the town where these rocks were 
first studied. Of late yeaih the extended study of 
the rocks on this horizon has led to the suggestion 
that their classification should be remodelled, anrl 
that the term Downtonian, whicli is preferable for 
many reasons, should be employed, in place of the 
older name, for all the rocks from the toyj of t!ie 
Ledbury Shales to tbc base of the I.eintwardino 
Flags which underlie the A.Mnestry Jdmestoiie. The 
Lower Ludlow Shales are thus left in another divi- 
sion, which is termed the Salopian. 

Lud A projecting portion of a ca.«‘ting, 

etc., by means of which it can be fixed in position, 
e,g, by bolts passing through. 

• — ^ {Plwnh,) See Eab. 

Lttgf {CyoleH), See CyclbS. 

, Lunkinosity (Phys.) (1) The power of giving out 
light. (2) The amount of light furnished by a 
particular source. 


Lui^oub Paint (Chem,) A paint which emitiii 
light in a dark room. If some bits of pbosphorua 
are allowed to stand in olive oil in a bottle which is 
kept in a warm place for two or three days, the oil 
dissolves a little ydiosphorus, and when it is painted 
on an object, the latter is visible in a dark room, and 
will remain visible till the phosphorus is oxidised. 
A totally different paint may be made by mixing 
various phosphorescent sulphides or oxides witli oil, 
and lining this as a paint. BOLOGNIAN PHOS* 
PHORUd and Calcium Sulphide. 

Lunar Bows {Mi tem'ol) See Uainbows. 

Lunar Caustic (Chejn.) A common name for ^ 
Silver Nitrate. See Silver Compounds. 

Lunar Distances (A.'stron.^ A method of deter- 
mining longitude by means of the measurement of 
the apparent dihUmces of stars from the lunar disc. 

Lunation (Astron.) The time between one new 
moon and tlic next. Sec also SYNODIC MONTH. 

Lunette (Architect,) A window formed in a 
domical ceiling. 

Lunga Pausa (Music). Long pause. 

Luni-Solar Precession (Asfro?t.) A slow retro- 
grade motion of the crpiinoctial points upon tlie 
ecliptic. See also Precession. 

Lusingando (Music). Poaxingly, tenderly. 

Lustre. A large ornaraontal chandelier. 

{3fin,) The lustre of iiiineraK is a properly 

of imi>ortatice in (‘lass ific.-d ion. Six \arietios (»f 

lustre are usually r(‘fL‘iie<l to. I’hcy arc : 

(1) Metallic (daleiia ot Pyrites). 

(2) ViTlir.ous or glassy {'Quartz, llocksalt). 

(.H) Kesinocs (Amber, PileUbleiide). 

(4) Pearly (Talc). 

(5) Silky (PTbroiis G\psnm). 

(0) Adamantine (Diamond). 

Lustring or Lutestring (Silh Ma?iufar.) A plain 
silk fala’ic woxcri as tabby, the well u.scd being 
bright, to ghc lustre. 

Lute (Afet,) Hufractory material, such as fire- 
clay, use<i f'»r making a clo.si* joint in furnaces, 
covers of crucibles, etc. 

Lutestring {Silh Manvfac.) See r.usTRiNG. 

Lutidines (Chem.), A name given 

to the dimetlijl ])yridine-, of wiiicli tliere arc six; 
some of them occur in hone oil. See I’YRIDINE. 

Luxembourg. The. Palace of tlie Luxembourg in 
J’aris contain^ an Ait r/al]er\, in which are exhibited 
works by many famous modern artists. 

Lychees (Botany), The Chinese plant ^Litchi 
chinensia (onler, Sttpnidaeece) ]aoduces an edible nut 
containing a fleshy aril around tlie seed. The fruit in 
a dried state is imported into this country. 

Lych QnktBC Architect.) See LicR Gate. 

Lycine {Chem.) Another name for Betaine 
(?•'••) 

Lycopodium {Botany), A fern plant Lycopodium 
clavatum (order, Lyropodiaceo!)^ with a superficial 
mosslike appearance (“ Club moss”). The resinous 
spores are used in medicine and as a coating for 
pills. In Sweden doormats are made from the plants. 

Lydian {Music), See Modes* 
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Lye {Chem,) A very general term for various 
solutions «tsed in chemical trades, e.g. a solution of 
an alkali. See also I^ixiyiAtiok. 

Lying Press (Hind.) A strongly made press 
actuated by two screws, used for various purposes, 
e.g, holding a book while the edges arc being cut or 
while the back is being shaped. 

' Lymphatics (Zool.) A system of vessels which 
traverse the body, finally passing to the large veins 
near the heart. Their func*tion is to carr3' back 
to the*blood the waste pro<luct8 of the tissues. 

Lysine (Omn.)^ a«-diiiminocaproic acid, OH, 
NHXT 1 ,(:H,CH,CHNHX’ 0011 . a white crystalline 
solid obtained among* a large number of other pro- 
ducts on boiling albumins with cunceiitratod hydro- 
chloric acid. It is dextrorotatory. ‘ According to 
some it is the parent substance «)f the ptomaine 
Oadaverine, which forms when dead bodies putrefy. 

Lysol (Chem.) A disinfectant consisting of a 
aohition of crude cresol in soft soap. 


M (Hicrt.) Commonly used as a symbol for Mag- 
netic Moment (g.v.) 

m (Kleci.') A symbol commonly used for the 
strength of i)ol(i (q.r.) of a magnet. 

/i {Ehrt.) Tlie .symbol for I'ermeability (q.v.) 

{Phyn.) The symbol for a MicutON, the 

thousandth part of a millimetre. 

Iijx (Phy»,) The symbol for the millionth part of 
a millimotre, i.e. a thousandtlj a MiciiuX (<7.1’.') 

Ma But, e.<j. Ma mm troppo^ but not 

too much. 

Macabre A term applied to a subject in 

whicli there occurs a re])reseTitation i>f Death, e.g. 
in the form of a skoletori, etc. 

Mace (Arehf/tol.^ ifrA A staff or bludgeon, and 
originally the s]>coial weapon of prolak'S and of tlui 
King's sergeants-at-arms. A htass in Wandsworth 
])ariHh church of one Nichohas, a .sergeant -at -arms of 
Ilenry V., is unique in showing the mace suspended 
from his girdle in the place generally occupied hy 
the miscrioorde. Most corjioraK* bodie.s now po.ssess a 
mace, used as an insignia of office, an«l borne before 
the chief officials, c. <7. ma\ors. 'J’he mace belonging 
to the House of Comiiioii.s alway.s rests upon the 
table in front, of the Speaker during his presence in 
the House. AVlien he leaves tlie Chair and the Jlon.se 
goes into committee, the macc is placetl beneath the 
table. 

Maceration. The l.r rni applied when vegetable 
or other substances aie .softened in a liquid. This 
proces.s is u^ed to separate the fibres of plants for 
textile purposes and in tanning. Sre JJNEN MANU- 
FACTURE, Leather Manufacture, cfc. 

Machicolations (-4 Corbel Table. 

Machine. An assemblage of inter-related movable 
parts, forming an appliance for transmitting and 
modifying forces and the nnition produced by them. 
The relative mol ion.s of the parts are definitely con- 
trolled or “ constrained." 

— — (Elect. Eng.) The term machine is com- 
monly applied by electricfil engineers to dynamos, 
electric motors, rotary converters, boo.sters of all 
kinds, and occasionally transformers, though the latter 
are not, of course, machines in the mechanical sense 
of the wordL 


« Machine Cat Pattern An iron pattern 

used for casting toothed wheels, the teeth 6f the 
pattern having fc^en cut by a revolving cutter. 80011 
a pattern can give a very clean casting, in which . the 
teeth need little or no trimming. 

Machine Guttere (Et^.) Usually applied to the 
revolving cutters used in milling mac! tines, as dis- 
tingnished from the tools used in planing and slotting 
mac^hines. 

Machine, Dynamo Electric. An obsolete expres- 
sion for Dynamos (q.v.) 

, Electrical. A term used in physics 

denoting a piece of apparatus for the production of 
charges of electricity. They include FRICTIONAL 
MAcniNBa and Influence Machines, such as those 
of Holtz, Voss, and VVimshurst (q.v,) 

, Induction (Elect.) See Induction Ma- 
chine (Holtz, Voss, and Wimshuest Machines;^ 

Machine Moulding. Many simple forms of cast- 
ings, when a great number arc required, are moulded 
by machines, whi<‘h arc in some cases almost auto- 
matic. Toothed wheels are very convenient!}'' made 
in this way. The machines are too complex for a 
brief description. 

Machine Paper (Paper Mannfac.) Paper made 
by machinery, in contrilistiiiction to pajicr made by 
hand. The latter is generally superior in quality. 

Machine Points (Prmt.) Guide points employed 
on the printing machine in order to obtain accurate 
register. 

Machine Riveting (Ei^g.) Closing rivets by the 
use. of >omt‘ form of pre.ss (often hydraulic) insCjead 
of by haui’nering. 

Machine Shop (Efig.) The part of an engineering 
w'ork> ill which the lathes ami other maciiinc tools 
are wori^ed, as distinguished from the erecting and 
fitting .shops. 

Machine Tools (Eng.) A general term for 
machines used in engineering and allied work. 
Planing, Slottin(^, .shaping, Milling Machines, 
etc. 

Machining (Etig., (larqj., etc.) A general term 
for jjroct'sscs carried out by machine tooX, e.g, 
planing, shaping, and milling in metal work, and 
planing, grooving, and beading in woodwork. 

Mackerel Sky (Jfeteorol.) A form of cloud re.sult- 
ing from 1 Iio breaking up of cirrus cloudi composed 
of small roundish cloud masses, 

Mackle, Mackled (Prhit.) A term implying that 
the type has u ragged on tl.e paper whilst the sheet 
was being printed, thus giving a kind of doable 
impression. 

Made (Mm.) A term sometimes used to signify 
a twill c-rystal of the contact type. 

Madura (Jiotany), The “ bow wood ” of the 
United States belongs to the Mifracc^e. Its wood is 
used, and the leaves form food for silkworms. 

Macrodiagonal (Mitt.) The longer of the two 
horizontal axes in the Orthorhombic System. 

Macrodome (Min.) A crystal form the ortho- 
rhombic system. It is a prism whose axl3’'''is fho 
Macbodiagonal (q.'t.) 

Macropinakoid A two faced form of tha 

orthorhombic ^y^tf.m. The faces are normal to tHr 
macrodiagonal. 
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Madder. IIjxs is the root of JRuhia tinotorum^ 
M. ^eregnna, aad iJ. munffista (order, Ruhiaet*a), a 
plant glowing wild in mtiny p^s of Europe and 
Asia, l^e plant w*as at one time extensively cul- 
tivated, as the root yields a splendid red dye. It is 
probably the oldest vegetable red known, and has 
been detected in Egyptian mummy wrappings. 
Since the discovery of artificial alizarin, hiavever, 
madder has, like many other natural dyes, prac- 
tically fallen into disuse. JSee Alizabik and Dyks 
AND Dyking. 

Made Ground (^Hypienfl). A model byelaw of 
the Local Govt rnment Board prohibits the erection 
of a new building “ upon any site which shall have 
been filled up with any raaterial impregnated with 
any animal or vegetable matter, or upon which any 
such matter may have been deposited, unless and 
until such matter shall have been properly removed, 
by excavation or (dhorwise^, from such site.*’ Free 
exposure for years is necessary for the purification of 
such soil, and even then it makes an unliealthy 
site. Any dwelling built, upon it should have an air 
proof basement of concrete or some impermeable 
material. 

Maestoso {Music). Majestically : with dignity. 

Magellanic Clouds Two cloudy oval 

masses of ligiit vim hie, in the .Son (hern Hcimspliere, 
called Mubkcula Major and Minor. 

Magenta. Magenta is a red dye, and was so 
named because it was discos j^red by Perkin in the 
year in which the Battle of Magenta wa.s fought 
<1859). It is also called Anilink Kkd and Fuc'hsine. 
It is still employed to .some cxtc*nt as a «lye, and jd^o 
as a pigment in the form of a lake. Lakes and 
Dyls and Dyeing. 

< Chem ,') See Fuchsinb. 

Maggiore r .Alajnj, used sonjetimes when 

a piece goes from the minor key to the ttmic major, 
Le, ine major key of the same note, as C minor, 
C major. 

Magic Lantern. The colloquial term for the 
Optical Laxtkkn {q.v.) 

Hagilp, Magilph {Paint.) A mixture of linseed 
oil anil ina.‘'tiu varnish n.^.ed by artist.s as a vehicle 
^ for pigments. 

Magistral ( Chsm.) A product. oPt.-iined by r«'astiog 
copper pyrites {q.v.) in such a way as to convert the 
Clipper and iron into .snlphatc.s, and grinding the 
product to pow'der. It is used in the extraction of 
silver from its ores in Mexico by an amalgamation 
process. 

Magma {Geol.') The molten mass from winch 
the eruptive rocks of primary origin have subse- 
quently consolidated. 

A Magnesia ( Chem.) A common name for magnesium 
V oxid e. Sf M A 0 nesi um Cr )M pottn 

Magnesia Mixture {Chem.) A .solution used in 
the detection and estimation of pho.sphoric acid or 
pbo8phat<»«. It is prepared as follows: 100 grams 
of crystallised magnesium chloride, 140 grams of 
ammonium chloride, and 200 cubic cm. of am- 
monia are made into a solution, and water added 
to bring the whole up to 1300 cc. The magnesium 
chloride can be made by precipitating a suitable 
quantity of the sulphate exactly with barium chloride, 
filtering, washing, and iKsing the solution. 

Magnesian Limestone ( Geol.) A strati graphical 
Dane for a magnesio-calcareous rock which forms 


a oouspicuous horizon near the top of the l^aa, 
Lower New Red, or “ PerAian ” teriea of rocks in 
the north, and especially in the north-east, of EnglanA 
It was formed in the sea during a temporary return 
to normal geographical conditions, and in the middle 
of a lengthy episode during which an arid climate 
and continental conditions prevailed throughout 
what is now Western Europe. These finally changed 
for the better when the Khsetic rocks were formed. 
The Magnesian Limestone has undergone much 
reconstruction, and now presents, in consequence, 
many remarkable structural cbaracteristios. 

Magnesite ( iVVa.) Magnesium Carbonate, MgCO^ 
Magnesia = 47-fi, carbon d ioxide — 62'4 per cent, Rhom- 
boljodral ; usually not crystallised. White, yellowish, 
or brown. It is used in the manufacture of Epsom 
Salts. From Moravia, Styria, Silesia, Norway, the 
United States, etc. 

Magnesium, Mg {Chem.) Atomic weight, 24. A 
silvery white metal ; melts at 6.33° ; boils about 1100^ 
In dry air it is not oxidised, but in moist air becomes 
coatetl with a film of oxide. When heated in air 
or oxygen it burns with a very blight flame, rich in 
the \iolet and ultra violet ligld rays. In air the 
product of combustion Is a mixture of the oxide and 
nitride of the metal. On account of the brigliiness 
of I he magnesium light the metal is u.-^ed in making 
Rigi\.al lights and in pyrotccliny ; on acfiouiit of the 
bnghtiie'is and riohnesh in viokd. and ultra violet 
ravs the metal is u.sed in pliotography, e.q, a good 
fi.isiilighfc is obtained by burning a mixture of ulu- 
mi Ilium po\vd(‘r(J2 pait.^). magnesium powder (13*6 
parts), red iihosphorii.s (It; parts;, and saltpetre (73 
parts) in a celluloid tube. The mixture must be 
made with a featln r. On acoiint of the groat beat 
of foiniation of its oxide (1J3,5(K) cal.) iiingnewura 
is able to displace many other elementjs Iruin tlicir 
oxides when heated with tliOKc oxi(lc.s, c.q. silicon, 
carbon, etc. It is not aUat‘ked by pure water, 
but solutions of marij' salts attack it, e.q. solutions 
of p'ltassiurn chloride and Tnagnesiiim chloride, yield- 
ing magnesium hydroxide and hydrogen. Heated in 
steam it burn.s brightly, forming the oxide and 
liberating hydrogen. Dilute hydrochloric and sul- 
phuric acids di''Solvc ?t with formation of the 
corrosporniing salt and hydri>gcn ; dilute nitric acid 
also dissolves it, foirning the nitrate, and evolving 
nitric oxide, nitrous oxide, nitrogen, and hydrogen. 
Magnesium also j^recipitates a number ol metals 
from solutions of their f-alts, e.y. copper and iron. ?t 
('cciirs as sulph.-ite in many miniirid springs ; in sea 
water ; as magnesite, MgCO, ; dolomite, (Mg . Ca)CX) 3 ,; 
as silicate in many important mineral, e.y. asbestos, 
( Mg . Ca)SiO, ; meerscJiaum, n.Alg.^Si^On, ; and in the 
Siassfurt salt dejiositp as cania']itc,’KCl . MgCl^CHyO; 
kio>erite, MgSO^HgO; and other comp<}uiids. Mag- 
nt sium is obtained (1) by electrolysis of fused car- 
ludlite, using a carbon anode and an iron kathode; 
(2) by heating together carnalJile, fluorspar, and 
.sodium to redness in a closed crucible ; in this case 
the metal is purified by distillation. ' 

Magnesium Compounds {Chem,) Magnbsidis 

Oxide. MgO : A lignt white powder ; only melts at 
the temperature of the electric furnace, and on 
ai count of its refractory nature is used for lining 
crucibles and furnaces which are to be used at very 
high temperatures. Very slightly soluble in water 
(1 part in 172,000 parts wiiter at 18®); yet when 
moistened ii turns red litmus blue. Used in medicine 
as a purgative and an antidote in alkaloidal poisoning. 
It is obtained by beating the carbonate^ The 




MAa 


371 


MAa 


Hy0Boxid£» Mg(OIl)g, is ft light white powder 
netu'ly luBoluble in water/ but r^dily soluble in 
.solutions o^ammonium salts. Readily gives the oxide 
on heating.* It is obtained by adding a solution of 
caustic soda to a solution of a magnesium salt. Both 
oxi(ie and hydroxide readily dissolve in most dilute 
acids. Hagnbsittm Niteide, Mg^N^: A yellowish 
pow<ler obtained by heating the metal in nitrogen or 
ammonia. It is readily decomposed by steam, 
Mg,Nj+6H80=3Mg(0H)J+2NlI,. The action of 
nitrogen on magnesium was used by Ramsay in pre- 
pairing argon from the air. Magnesium Chlouide, 
MgCl, : A wliite crj’stalline solid, deliquescent, very 
aoluble in water; it crystallLscy from a strong solution 
as MgCljOIip, but on heating these crystals they 
lose hydrocliJorio acid and form the oxide. It forms 
•double salts with the alkali metals, i\ff. Carnallite, 
and a similar compound with ammonium chloride in 
place of potassium cblorido. It is obtained by heating 
Canudlite at 176® when most of the potassium 
chloride separates. On cooling, tlio rest of the 
potassium chloride separates as carnallite, arnl tlic 
mother liquor contains only uiagnesiiim chloride. 
In the laboratory the carbonate is dissolved in hydro- 
ohlorioacid, ammonium chloride added to form the 
double salt, the solution evnporatod, and tlie crystals 
heated to drive off ammonium chloride. It is used 
in “dressing” cotton goods. Magnesium Sulphate, 
MgSO^ : A white solid, decomposed about 360° into 
the oxide, sulphur dioxide, and oxygon. Jt is usually 
met with as tbe crystalline h)<lrate, MgSO/lljO; 
commonly called Epsom Salts : 'Fine ncedit* shaped 
crystals; loses OllgO at 150^, and becomes anhydrous 
at 200°; very soluble in wulcr. Kpxuu sails arc 
prepared by allowing Kieserite (avc Magnesium) 
t<» stand in contact with water till it loniis 
MgSO^TlloO, and this is purilied by crystal li.sa turn. 
It can also be prepared by the action of sid)>h uric acid 
on magnesite or on dolomite ; in the latter case most 
of the calcium .sulphate remains undissolved, and t’ e 
magnesium sulphate' can be purilied by crystallisjii i' -n. 
A number of double salts like K^St'/IgSOjOII/) are 
known. Epsom sali^s is used in nicdicijie as a purga- 
tive, its acti(»n dej)eriding mainly on osmosis, water 
being attracted into the inte.srine. Magnksh^m 
Carbonate, MgCt),, : A white mystalline .solid 
isodimorphous with calcium carboiintc; that i.s, one 
form crystalli.s(‘6 like calcspar, and the other form 
like arragonite. It occurs naturally as mugnesite, 
.and can be prepared by the action of a .solution of 
the chloride on calcium carbonate or by suspending 
the basic carbonate in vvat<*r and p.^ssing carbon 
dioxide through the suspension. Jt is very slightly 
soluble in water, but more soluble in water con- 
taining carbonic acid. A solution prepared by pas.siiig 
carbon dioxide under a pres.su re of 3 atmospheres 
into the basic carbonate is used in tncflicine under 
the name “fluid magne.sia.” The Magnesia Alba 
a.socl in medicine is a basic carbonate <»f the com- 
position Mg(0ilX3Mg(’0.,, with a vaiiablo quantity 
of water. It is* obtained by mixing solutions of 
sodium carbonate and magnesium suli)l'5it.o («) in the 
cold, and then heating to boiling for the light frtrm ; {h) 
at the boiling temperature h)r the heavy form. Both 
the normal and basic carbonates arc ca.sily docom- 
po.sed by heat, giving the oxide and ciirbon di(.»xide 
(and water from the basic carbonate). ]\lAGNESnT.M 
Ammonium Phosphate, MgNll : Hmall crystal.s 
sparingly soluble in water, nearly insoluble in dilute 
ammonia. It is the form in which magnesium is 
detected and estimated. On beating, it forms Mag- 
nesium Pyrophosphate, 2MgNH/»0^ « MgjiPPy + 


i 

! 

i 

I 

i 


2NH3 4 ILO. It occurs as a urinary calculus. It is 
prepared by adding to a solution of magiiesinm 
sulphate solutions of ammonium chloride, ammdUia» 
and sodium phosphate in the order given. Mag- 
nesium Sulphide, MgS : A yellowish brown solid 
obtained by heating sulphur and magnesium together^ 
it is decomposed by vvaLcr : MgS + 2H3O * M,g(pH)L 
+ HgS. Magnesium unites with alkyl iodides' and 
bromides in presence of dry c:her to form mag- 

ncsium alkyl halogen compounds, r.(/. Mg » and 

compounds are very important 

synthetic reagents in organic chemistry. They are 
decomposed by water, giving Use corresponding 

paraffin, +IIOH=Mg<^J^ + CH.. With 

e.stcrs of monobasic fatty acids (except formic), acid 
chloriflcs, acid anliyflridcs, and ketones tliey yield 
tertiary alcohols ; with the e.sters of formic acid they 
yield secondary alcohols; r.ff. 
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Methyl Acetate. 
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E.stcis of dibasic acids react in a similar w'ay to 
c.stcrs of monobasic; n< ids, giving glycols, 


vooajh 
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L'OOCgl-Is 


I 

C((TI/.,OH 

•ctvann'tliyl OlycoJ 
(rinwcojic). 


With aldehydes .secondary alcohols are obtained. 
Acids (;an be .syiitl iodised by pns.sing carbon dioxide 
into an ctJicroal solution of a magnesium alkyl haloid, 
and decomposing l\.v prcjctipitated addition product 
by dilute sulphuric acid at U°— 


Mg 


<I " 


CO. 


on, 

I ^OMgl 

Cl 


on. 


CH, 




o:\igi + iioH ^ I .on + Mg. OH. I 
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F«»r I he action on nitriles, ,vtv under Ketones. Mag- 
iie.siuin .also replaccvS the halogen in halogen bemsene 
derivatives, forming compounds like and 

I '.lose react like magnesium alkyl haloids, e,y. 


Cl 
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Magnesium Light {Photo,) An artificial light 
produced b}' burning magnesium powder or ribbon ; 
used for photographing interiors of buildings, large 
groups at night, etc. 

Magnet. A Natural Magnet is a piece of a 
mineral termed Magnetite or Magnetic Oxide op 
Iron. It possesses the following properties : (11 It 
attracts small pieces of iron to itself when brought 
near them. (2) It either rc|)els or attracts a similar 
magnet, according to the relative positions in wliich 
the two arc placed with regard to each other. (.*1) If 
suspended so that it can turn freely, it sots itself so 
that two definite points within it lie along a definite 
direction relative to the earth ; this direction is a 
line pointing approximately nortih and south. These 
two points in the magnet are termed its Poles ; the • 
line joining them is called the Axis op Tins Magnet 
or Magnetic Axis. An Artificial Magnet is a 
j)ieoe of iron or steel which has acquii-ed properties 
similar to those of the natural magnet ; if it retain 
these properties it is termed a Permanent Magnet. 
The Magnetism (that which confers on the metal 
the properties of a magnet) may be supposed to bo 
concentrated at the region of the poles ; the amount 
of such magnetism is termed the Strength op the 
Pole. A Unit Pole is one which, wnen placed 
at 1 cm. from a similar and equal polo, and separated 
from it by air or some other Non-Magnetic material 
(tf.v.), repels it with a force of 1 dji\o. Tlie pole 
wiiich tends to turn to the north when the magnet is 
suspended is termed.the Positive or North Seeking 
Pole; the other, the Negative or Sooth Seeking 
Pole. Many of the efEccts due to a magnet depend 
upon its Magnetic Moment or Moment op the 
Magnet, whieh is the product of the strength of one 
pole and the length of the axis or line joining the two | 
poles. A magnet may bo formed by placing a piece of I 
iron or steel in contact with or in the neighbourhood of | 
another magnet, or by causing an electric current to ; 
flow through a wire coiled round the pi(‘ce of iron. ' 
Apiece of iron magnetised by a current in the latter 1 
way is termed an Electro Magnet. If the iron 
be soft, it loses the greater part of its magnetism 
when the magnetising influence is withdiawn ; bard 
iron or steel retains its magnetism to a great extent, 
depending largely upon its hardness, and forms a 
permanent magnet. The main u.sc.s of permanent 
magnets are : (1) As the indicating part of the 
magnetic compass. (2) As the suspended portion 
of a large class of galvanometer.^ (3) As 

the field magnets in magneto-electric machines ; 
and (4) for various experimental puqioses. Eloetro- 
magnet.s form an essential portion of mo.st electrical 
appliances and machinery, e.ff. dynamos, motors, 
telephones, electric bolls, etc. 

Magnet Core {EM.) A piece (or number of 
pieces) of soft iron placer! insirle a coil or .solciioirl, 
and forming with the latter an Electro Magnet. 

, Diurnal Variation of (Meieorol., otc.) H is 

found that the magnetic needle normally oscillates 
through a small angle once daily (»ver the mean 
magnetic meridian. This is called the Diurnal 
Variation. The angle is greater in summer than 
in winter. 

Magnet Filament, Solenoidal {KUcU') A linear 
magnet or arrangement of magnets having no free 
magnetism except at the two ends of the line ; the 
external action of the magnet is entirely due to tlie 
magnetism at these two points. Such an arrange- 
ment is purely theoretical, and is conceived for the 
puxpose of mathematical investigation only. 


Magnet, Moment of {Elect. Y See Magnet. 

, Natordl. See Magnet, Lodbstonb, and 

Magnetite. 

, Permanent {Meet.) See Magnet. 

, Secular Variation ot (Meteor oU) The pro* 

grossive alteration of the angle between the mag- 
netic and true meridians at a place. In London it is 
about 8*5' annually. 

Magnetic Axis (Elect.) The axis of a magnet is 
the line joining the two poles. See also Magnet. 

Magnetic Battery (Elect.) An expression, now 
obsolete, for a magnet built up of a number of 
elements, each element being a separate magnet of 
suitable form. 

Magnetic Bearing {Survei/inpj etc.) The angle 
between the direction of tin* I'ompass and that of 
a line drawn from the observer to a j)oiut under 
observation. 

Magnetic Circuit (Elect.) Consider a ring of soft 
iron on which are wound a number of turns of 
insulated wire. If a current be passed through this 
wire a Magnetising Force is ^et up inside the- 
turns (or helix), which causes a number of lines of 
force to pass through the iron, each line being a 
closefl curve. The whole sy.^lem constitutes a 
Magnetic Circuit, having the following analogies 
to the electric circuit: (1) The Flux, or total 
number of lines, corresponds to the electric current. 

(2) The amount of the flux is directly proportionate 
to a quantity termed the Magneto-Motive Force. 
This is equal to -IttNI’, wlicre N is the total number 
of turns of wire and C the current in absolute uniis. 
The magncto-inotivo force may be defined as tlic 
amount of work done in moving a unit magnetic 
pole once round the circuit, if the iron wen* absent. 

(3) The flux is inversely pro]»ortiona! to a quantity 
termed the IIeluctanck of the ciiouit, or it.s 
“ resistance to the magnetic lines of force.” This 
resistance is proportional to die length of patli of 
the lines of force tlirougli the iron, and inversely 
jjroportional to the ai^‘a of Die cross section and to 
the “ conductivity for the lines of force ” or Perme- 
ADlLlTy. Lot I be. the length of the jiatb, a. the 
cros.s section of the iron, and a Die Permeabilitv. 
Then the Reluctance is criven by the equation 

I 

Reluctance = 

afx 

If a magnetic circuit be composed of different 
materials, the total Reluctance is the sum of the 
Reluctances of the separate parts; c.//. if there be 
three different materials of lengths cross 

section a^, and Permeability the total 

Reluctance is 



a^fi, 

If a part of the path of the lines of force be in the 
air the Permeability of thaf. i>art is unity. It is now 
po.ssiblc to state the law of the magnetic circuit in 
a form analogous to the equation expressing the 
relation of th(i electric current to the electromotive 
force and resistance. See Ohm's Law. 

Magneto-motive Force. 

Flux =r n'“r~r 

Jtelnetance. 

Magneti.e Conductivity (Elect.) See Pebme^ 

ABILITY. 
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Mfttfnetlc Control (1) The utilisation oC 

the properties of a magnet in order to cause some 
freely suspended object to set itself in a definite 
fiireetien, e,^/, a small magnet is fixed rigidly to the 
needle of an Electbometbk Oy.v,) (2) In galvano- 
meters containing a suspended magnet the latter 
may be caused to set itself in a dciinitc direction, 
independent of the Eartti’s field, by moans of a 
permanent magnet fixed above the instrument; the 
directive force on tlie suspended magnet, may also be 
varied in amount by raising and lowering the 
controlling magnet. 

Magnetic Current (Elfot,") The rate of change of 
Magnetic Flux or number of lines of force passing 
through any surface. 

Magnetic Curves (^Ehct.) Curves showing the 
direction of the lines of forc‘,e from a miignct, or, 
more exactly, t,hcir projection upon a fiat surface, 
such as a sheet of paper. 

Magnetic Cycle A complete scries of 

changes in thej magnetic condition of a body, such 
that at the end ol' the siTics the body has relumed 
to its original magnetir; state. 

Magnetic Declination ( Elect.) See Declination 
Ma(jnetic. 

Magnetic Deviation {Elect.') See Deviation, 
■Magnetic. 

Magnetic Dip ( Eleet . ) See Dij*. 

Magnetic Elements {Elect.) The three quantities 
necessary in cjrder to describe completely t,he 
magnetism at any gnen place ; they arc (1) DE- 
CLINATION ; (2) Dip; (li) INTENSITY* of the mag- 
netic force. 

Magnetic Equator (Elect.) A line running 
rouml the Earth, at any point of which the Dip 
(^. u.) Is zero. It is, roughly, midway between the 
poles. 

Magnetic Fatigue (Elect.) After iron has been 
subjected to a Luge nimdur of cdiangos in its 
magnetic state, the waste of energy due to llYS- 
TEllESia (q.r.) incr(;a.se.s. This increase is termed 
M AG N ETIO F a TI G 17 E. 

Magnetic Field (Elect.) A space througli wliieh 
magnetic lines of furre run, and in wliich therefore 
a force is exerted on any magnetic pnle whi<!h may 
be placed there. "Magnetic fields may be (1) Natural 
or due to the Earth's Magnetism. (2) Trod need by 
the vicinity of magnets. (3) Due to the action of 
currents. 

Magnetic Flux (Elect.) The number of magnetic 
lines of force (q.r.) passing through any given area, 
circuit, etc. 

Magnetic Flux Density (Elect.) The number of 
lines of force, passing through unit area, situated 
normally to the linos. 

Magnetic Force. The magnetic force at any 
point is the meclianiial force, in dynes, exerted <m a 
Unit Magnetic Dole (see Magnet) placed at the 
point. Jt is also equal l-o the number of I,(INES OP 
Fobcb crossing unit area surrounding the point. 
See Lines op Fobce. 

Magnetic HystereBls (Elect.) See IIystekesis. 

Magnetic Inclination ( Elect.) See J nclin ation. 
Angle op. 

Magnetic Induction (1) The production 

of magnetic proiterties in soft iron, etc., when placed 


in a magnetic field. (2) The magnetic flux densi^ 
(q.v.) in any material placed in a magnetic field/ If 
11 denote the strength of this field, 1 the intensity of 
magnetisation (q.v.) of the material, and B the 
magnetic indnetion, then B =s H + 4wl. 

Magnetic Lag (Elect.) The tendency of the 
induced magneti.sm in iron, etc., to lag behind the 
magnetising force to which it is due. See also 
H YST£Bi:.S1S. 

Magnetic Leakage (Elect.) The passage of lines 
of force th.rough a space in which they do not 
produce a useful effect ; e.g. the passage of linos 
through the air from one pole piece of a dynamo to 
another insteml of passing through the armature. 

Magnetic Meridian (Elect.) An imaginary plane 
passing through the Zenith (q.r. ) and through the 
magnetic north and south points. The axis of a 
suspended compass needle when at rest lies in this 
plane. 

Magnetic Moment (Elect.) The product of the 
streuglh of one pole of a magnet and the distance 
between the ptdes. S(‘c also MAGNET. 

Magnetic Needle (Meet.) A small magnetised rod 
or needle orsteel so suspended or jii voted that it i.s able 
to revolve freedy about its middle point. The direc- 
tion ill which it comes to rest is that of the magnetic 
north and south poles, provided no disturbing 
magnetic* influence is near (*nough to cause it to 
deviate from its normal direction. 

Magnetic North (Elect.) The direction in which 
a magnetic needle j)Oints when perfectly free to turn. 

Magnetic Observatory (Elect.) An observatory 
furiji.«died v\itb the nec-essary instruments for raesasur- 
iiig tlie inagnet.ic declination, inclination, intensity, 
etc. (q.r.)., and for recording the variaticuis in these 
quantities. 

Magnetic Permeability. See Permeability. 

Magnetic Permeance (Elect.) Pebmeauility 

(q.V.) 

Magnetic Poles (Elect.) A magnet whose length 
is considerable behaves as if its magnetism were 
situate almost entindy at two jKiints at or near its 
ends j these points are termed the J'OLES. The 
condition is most nearly fulfilled by the magnets 
introduced by Bcarle, which consist of a thin steel 
wire having a hardened steel sphere at each end ; 
the jxdes are almost exactly at the centres of these 
.spheres. Sec also MAGNET. 

Magnetic Potential {Elect.) The magnetic poten- 
tial at a point is the work wliich must be done on a 
unit pole in order to bring it up to that point from 
an infinite distance, or from a point wiiere the 
magnetic potential is zero. See also Potential. 

Magnetic Reluctance (Elect.) A quantity which 
may be described as the resistance offered to the 
passage of lines of magnetic force through any 
material. It is pn^poi-tional to the length of the 
material through which the lines run. and inversely 
proportional to the area of the cros'i section and to * 
the Permeability (q.v.) St^e also Magnetic CiBCUiT 

Magnetic Remanence (Elect.) See Kemanbnce. 

Magnetic Retentivity ( Elect.) See Retenti vity. 

Magnetic Sands (Min . ) See Ilmenitb. 

Magnetic Saturation (Elect.) See Satubation» 

Magnetic. 
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Magnetic Shell. A thin sheet of material, one 
surface of which is magnetised positively, the other 
negatively. It may be imagined to be built up of a 
great number of small magnets, each of length equal 
to the thickness of the sheet, placed side by side 
^ith all their like polesi pointing in the same dircc- 
tioBto' The Stbbnoth of a Shell is equal to its 
^Magnetic Moment per unit area, or, what is the same 
th|ng, its Intensity of Magnetisation (^.r.) multiplied 
b;^ the thickness of the shell. The chief importance of 
a magnetic shell (which is a purely theoretical con- 
ception) is that it produces the same magnetic field 
as a closed circuit of the same shape as the boundary 
of the shell, and which carries a current equal to the 
strength of the shell. 

Magnetic Storms {AfdeorolJ) Abnormal variations 
in the earth’s magnetic condition which aHect the 
compass needle. 

Magnetic Susceptibility {Elect.) See Suscepti- 
bility. 

Magneting {Entj.) The separation of pari.icles of 
-^ron fr(»m those of brass, copper, etc., when filings or 
borings are to be sincdu-d. 

Magnetisation, Intensity of {Elect.) See In- 
tensity OF Magnetisation. 

Magnetism. (1) The science dealing with t!:e‘ 
properties of magnets and magnetic fields. (2) The 
state or condition giving rise to tJie properties of 
a magnet. A magnetic field is produced whenever 
electricity is set iii motion, By causing the current 
to flow in a circuit of suitable form, t lie properties 
of a magnet may be reproduced. Ampere deduced 
that all magnetism is due to electric currents flowing 
in closed circuits of small dimensions, which arc 
present in the matter under observation. A late.r 
modification of tins tlieoiy pfunts to the movement 
of Ions {q.v.) in closed paths as being equivalent to 
the currents of Ampere’s hypothesis. 

Magnetite {Min.) A sesquioxide and protoxide 
of iron, Fe^jOg . FeO. Iron == 72 5, oxygen = 27*5 fn r 
cent. Cubic, commonly occurring in octahedra, often 
embedded in slaty rocks ; also massive. Colour and 
streak black. Strongly magnetic. It is a very 
valuable ore of iron. Of wide distribution, but 
sutficiently plentiful to mine in Norway, Sweden, 
^ Lapland, and Siberia. 

Magneto Electric Machine {Elect.) A t(;rm now 
applied to a small dynamo h-aving permanent field 
magnets. See also Dynamo. 

Magnetograph (Elect.) A recording instrument 
for registering variations in the magnetic elements 

Magneto Ignition {Motor Cars, etc.) The use of 
a magneto electric machine (q.v.) for the production 
of the spark required for the ignition {q.i\) in gas 
and petrol engines. 

Magneto Motive Force (Elect.) See Magnetic 
CXECUIT. 

Magnification (Optws). The apparent increase in 
* the size of an object when viewed through (or pro- 
jected by) some optical sy.^tem. 

Magnifying Power (Optics). The ratio between 
the angle suljJ:ended at the eye by the image of an 
object viewed through an optical system, an<^ the 
corresponding angle when viewed by the eye alone. 

Magnitudes, Stellar (Astron.) Stars appear of 
different brightness; that is, theif magnitudes are 


different. The brightest stars ate of the first mag- 
nitude. The Light Hatio (q.v.) between one 
magnitude and the next is 2‘512. 

Mahl Stick (Paiwt.)^ See Maulstick. 

Mahogany. See Woods. 

Mail (Armovr). A generic term for all kinds of 
metal armour, formed of rings, chain, or scale. Such 
artnuuL' was used by most Northern nations, as well 
as by others, from the earliest times until the four- 
teenth century, when it w-as superseded by plate 
armour. See Armour. 

or Maille (Silk Manvfac.) A small oval 

shaped eyelet through which warp thread passes in 
figured harness. Made of glass for organzine and 
fine warps, and of metal for coarse spun and other- 
warps. 

Mains { Elect. Enq.) The insulated conductors by 
wliich tlic current is left from the generating dynamo 
to the points where it is requii^ for lighting or 
power. The C'>nductors consist of copper wires, 
strips, or rods. 'I he insulating materials whioh sur- 
round the win‘s are usually covered with some pro- 
tecting coating, c.g. a leaflen sheath, and the whole 
main is geneiMlly laid in pipes, troughs, or other 
forms of conduit. 

Mainspring ( Watches and ('lochs). The agent of 
energy in portable tiuiepiecgs and small house clocks. 
A long strip of tempered steel coiled in the barrel, 
so that in its elastic endeavour to uncoil itself it 
drives the train of wheels. 

Maintaining Power (Watche.'i and Olochs). The 
meclianisra whhdi kee])s a weight clock, mx a fns»ee 
w.ati h or cl ck, gidiig during the time of winding. 
See Fusef, Going B.vurel, 

Maintenance, Cap of. Sec Cap o f Maintenance. 

Maize {Botang, Vood.<i\ Indian corn or maize, 
Zca ways (onler, (/I'atnhicre'), is a most important 
cM'real, not only as a food but also for the varied 
uses of tlie leaves, cte. In its nutritive value this 
resembles oats, coutaining a large quantity of fat ; 
but its albumen, to be i-endered digestible, requires 
careful cooking. Being deficient in gluten, maize 
does not make good bread. The grain is liable to be 
affected by a fungus, which causes in man a disease 
known as pellagea, closely resembling scurvy. 

Majolica. A class c)f pottery the decoration of 
wliicli is effected by means of white and coloured 
gtazes. Consul erable quantities of majolica are pro- 
duced in England, but its home is Italy, where the 
productions of Lucca della Kobbia and Maestro* 
Qeorgio in the fifteeiitli and sixteenth centuries still 
.stand pre-eminent aw masterpieces in this special 
type of ceramics. The wares of the former master 
are chiefly of a yellow body, covered with an opaque 
white stanniferous glaze, and further ornamented 
by the application of coloured glazes. Those of the 
latter are distingui.s})C(l by wonderful metallic lustres, 
which it is practically impossible to produce at the 
present day. 

Major (Music). (1) In intervals the term given 
to the “ greater ” of those which are alike consonant 
or alike diasonant, viz. seconds, thirds, sixths, and 
sevenths, the smaller being termed •‘minor.’* Major 
intervals contain one semitone more than minor 
intervals. (2) Beales and concords which have a 
major third from the keynote and root respectively 
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are called xnajor*'* those haring a minor third being 
called « minor,'* 

Major , The longest diameter of an ellipse. 

Major Tone {SmmA'), The ratio between the 
frequencies of. two notes which respectively are pro- 
portional to 9 and 8. It is termed the interval { in 
flconstios. 

Make. (1) The amonnt or number of separate 
articles produced in some given time. (2) The style 
or quality of article turned out under given conditions. 

Make Even (J^pog.) This terra applies more 
generally to newspaper work, and implies that the 
compositor is to make his “ take ” or portion of (iopy 
finish off at the end of a line, unless it be a para- 
g^ph ending. This enables the various takes to be 
closed up without loss of time. 

Make Up (Typog.') The term is applied (1) to the 
process of composing tyjft into columns or pages; 
.(2) to the matter when made up ; (3) to the articles, 
etc., selected to form the nural^r or issue of a 
periodical. 

Making Ready ( The preliminary proc‘‘'^.s 
of printing, consisting of the proper placing of the 
forme on the press or machine, the registering of 
pages, and the securing of uniform impression of the 
type. In printing illustrated W(»^k^ from wood blnck.s 
or mechanical eiigrax yigs it also denotes the several 
processes of \indcrlaying and overlaying iq.v.') re- 
quired to produce the correct impression and artistic 
eifects the v arying subjects demaTtd. 

Making Up or Mending Up {Foundry^. Repairing 
broken edge.s in a mould atter the pattern is witli- 
drawn. 

Malacca Tin Tin of good quality from 

mines in the Straits of Malacca. Also termed 
Steaits Tik. 

Malachite (.1/m.) A basic cupric carbonate, 
2CuO . (JOjj . IIjO. Oxide of cojiper = 71’8, carh(»n 
dioxide « 20, water = 8*2 per cent. Also called 
Green Carbonate of C(.>j)per. Azubitb. Mono- 
symmetric, but rarely iTystallised. Usually massi>e 
and radiating. Often raammi Hated. Green in colour. 
It is used as an ornamental .stone. Very valuable as 
an ore of copper. It is found .sparingly in Corn- 
wall, Cumberland, Wigtonshire, Shetlaiid, Cork, and 
Limerick in the Britbsh Isles ; more abundantly at 
Ohessy in Krance, Luna Ihm'a in South Australia, in 
Siberia, the United States, etc. 

Malachite Green (^Chem.) This name is given to 
various salts, such as the oxalate, chloride, and 
eino double chloride of tetramethyldiamidotriphenyl- 
/ C«H,.N(CTI,); 

carbinol, HO . C 0-11. . NCtUlg)- The last named 

compound forms colourless shining leaflets, melting 
at 132®. Insoluble in water; soluble in alcohol. 
With acids in the cold it gives colourle.ss solutions ; 
but on warming, salts of the base are formed which 
have a splendid green colour, and are valuable dyes. 
On reduction it yields the leuco compound tetra- 
methyldiamidotriphenylmethane. Malachite green 
is prepared as follows : Bcnzaldehyde (I mol.) and 
dimetbylaniline (2 mols.) arc healed with hydro- 
ohlodo acid, giving the Icuco compound ; the latt>er 
is carefully oxidised by lead peroxide and dilute 
hydroohlonc acid. The lead is removed by adding 


sodium sulphate, and the dye precipitated by adding ‘ 
zinc chloride and salting out. 

HO . ^ C HO . 0 A 


LeQon Haae 
(Coluurleiw). 


j C,H,N(CH,), 
3^C.H.:N(CH,), 
\ 

\CJI. 


GoionrBois ^ . 
(Golourle||). 4 * 


Salt of Colour Base 
(Dye). 

Dyes AND l)yr:iNG, 

Hale and Female (,Eng.) Two parts forming a 
pair fitting into each other, such as a bolt and its 
nut. The former is termed a male screw or male 
element ; the latter, the female screw. 

CH.COOH 


Maleic Acid ((74&m.), ]| . White rhombic 

CH . coon . 

prisms; melts at 130®; soluble in water and^n 
alcohol. On distillation it yields the anhydride 

on.co . 

Ij ^O. Reduced by sodium amalgam or hydri- 
CII . 00"'^ 

odic acid to succinic acid ; oxidised by potassium 
permiinganate to mesotartaric acid. Yields acetylene 
when a solution of its potassium salt is electrolysed. 
It is changed to fuinaric acid on heating at 200®. 
Obtained from the anhydride or from malic acid 
(^.v.) directly. The anhydride easily yields the acid 
on solution in water. Furaario acid yields the 
anhvdrido when hoatod alone or with PCT^. 

CH . OH . COOH 


Malic Acid j . A white 

CH.,.COOH 

crystalline solid (needles); melts at 100®; deli- 
que.sccnt ; soluble in water and alcohol. On heating 
it beliaves as follows : Quickly distilled, maleic acid 
passe s over and fiimari(' acid remains behind. Kept 
for a time at 140'^ to ISO'", fumaric acid is produced. 
Above this temperature m.'ileie anhydride is formed. 
Heated with hydriodic acid it gives succinic acid. 
With sulphuric .icid and a phenol it forms cou- 
raariiies; e.g. with resorcin it gives 4-oxycoumarit>|, 


^CH:Cn 

DO. 0„H. < I . Malic acid is found in many 

\o-co 


fruits, etc. ; e.g. unripe apples, cuiTants, cherries, in 
rhubarb, the tobacco plant, etc. It is obtained from 
mountain ash berries by neutralising tbe juice with 
milk of lime and boiling till impure calcium malate 
separates, and this is converted to the acid salt by 
addition of nitrio acid, and the acid salt purified by 
recrystallisation. From tbe acid salt, malic acid is 
obtained by precipitating the calcium as oxalate and 
crystallising the solution. It can be synthesised 
from succinic acid {g.v.) thus: 

CH.OOOH CHlSrCOOII UHOHCOOH 


I I ! • 

CHsCOOH Br., OH,COOH AgOH CH,OOOH 
Malic acid contain.s an asymmetric carbon atom, and 
is accordingly known in the dextrorotatory, 1«Vo- 
rotatory, ami inactive forms. ^ 

Malleability (^Phgs, etc.') The property possessed 
by vaii'ius njeials of being beaten out into sheets or 
other wi^e clianged in form by hammering, without 
being fractured in the process. 
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Malleable Caai Iron. Castings which have been 
deprived of some part of their carbon, thereby 
leaving the iron less brittle. Used instead of forg- 
ings for some small parts of machines^ as malleable 
castings are cheaper than forgings. 

Malleable Iron* Wrought dron ; the term is some- 
times incorrectly applied to Malleable Csist Iron. 

Mallet iCarp,, etc,') A tool consisting of a heavy 
head fixed on a handle like that of a hammer. Used 
for striking chisels, wooden objects which would be 
injured if struck a hammer, etc. The head may 
be a block of wood, an iron casing with a wooden 
core, which proje cts at each end of the ca.siiig so as 
to form a striking face, or oceasioiially scunc other 
material, e.g, raw hide, wliicli is cut into a strip 
and rcdled up to form a cylinder. A raw hidt* 
mallet is very useful for many kinds of work which 
would be injured by a blow from a wooden mallet. 

Malm RnbbePS. Soft bricks used for the voussoirs 
of gauged arches. See also lUilCKS. 

coon 

I 

Malonic Acid i Chem.), CIT„ 

I ■ 

COOH 

While crystalline solid; melts at .M2®; readily 
soluble in water and in alcoliol. On heating above 
its melting })oint. it doeompose> into carbon dioxide 
/t'OUB CII3 

and acetic acid, CTT . / = ! + CO.,. 

'-COOH COOH 


It is obtained from monoehloracetio aeid byexapo- 
rating a solution of its potris.siuni salt with j'otassiwnj 
cyanide, and hydrolysing the potassium cyanaeotale 
so ]troduced with strong hydrochloric acid : from 
the product the acid is extracted by ettier. 

CH.,C1 CH.CK CT1.,(‘00H 

I I ‘ i ' 

COOK KC’N COOK IlClAq COOH 


The ethyl ester is far more important tlian the 
acid itself, on account of the large miinher of s} tithcsos 
■wliich can be pi-rformed with it. This ester, which 
boils at 195®, is made from the potassium eyanacetate 
obtained as abo\e, by acting on it with absolute 
alcohol and dry hydrogen chlojhle,, pouring into ice- 
cold water, extracting with ether, drying, and fnic- 
tionally distilling tlie dry ether extract. In this 
ester one of the njethylene hydrogens is re]>laceable 
by sodium (both h^Tlrogens can be replacc*d by .sodium 
cthoxide), and the sodium malonic ester readily 
reacts with halogen derivatives, as folhjws, e.g. 


COOO2H5 coocyb 

CH, Na CIINa 




cGoaiij 


CjHJ (Hiailj 


COOC^Hj COOC^Hj^ COOU^Ilj 

The hydrogen atom of the (dbyl malonic e.ster so 
obtained can be replaced in a ]XJrfectly similar 
manner. When these alkyl and other malonic ester 
derivatives ai-e hydrolvfied, the resulting dibasic acid 
readily splits off carbon dioxide on heating, e.g. 


(lOOH 

1 

CTIC’ II 


: GO., + CHj . CjHs 


jllr, 


00011 

Etbylmalonic Acid. 


COOH 
Butyric Acid. 


I 


dboH 

COOH 


CO3 + CH(CH3 )j 
^OOH 

Isobutyriu Acid. 


Other important examples of the use of ethyl 
malonate as a synthetic agent are the following: 

(1) Disodiura ethyl malonate with ethylene di- 
bromide yields ethyl trimethylene dicarboxylate. 

CH,Br 

I + Na .C(COOC..lTfl)jj == 2NaBr + 

I > C'CCOOCUls), 

CH,-^ 

(2) Sodium ethyl malonate with ethyl mouobrom- 
atudate yields succinic acid. 


f'OOCUIs *rO(>(;,H5 

I ‘ I ‘ 

CTINa-f-DrCH«.C()OlM]5=CJl.CII.,.COOCJl5 + NaBr. 

I ' ‘ I ‘ 

COOUJI^ (OOfMlj 

coocyis cooir 


ciTcii.,cooc,n5 + ;in20-cii(^ii,,cooiT + bc^h.oh 


C00C..U3 

coon 

aT.CH.COOII 

COOH 


COOH 

(dI,.CTUC00H 

CO. + ! 

i;coH 


In this kind of pwtum the complexity of the 
h.'iJ-igen fatty ester, arid also of any alkyl group 
]>reviously intntduce.d into tht‘ olJj.sl malon.ate, iu- 
llucnces the result by “ s]ia'-e lilliug.” Tims the 
reacjtion occurs readily between sodium eth}'! malo- 
nate and ethyl monobromac'etate, less readily when 
ethyl a-brompro[>itrnate is u.sed, and still less readily 
wium cdlivl a-bromisobntyrale js rj.sed. With «‘thyl 
alkylsodiumalonate arid etlivl nionobremacetate the 
ease of tire reaction depends on the .alkyl group, being 
easiest with methyl, les.'s easy with ethyl, and not 
occurring at all with the isopropyl grY>iij). (3) Ethyl 
Hodiomalonate, when healed to 120'' to 145®, undergoes 
condensation t<’> ethyl phloroglucin tricarboxylate: 

(TlOCJls 

/ 

HjC^OOn . IR’kaNaC'H . COOC,n, 

I - SCjHjONa + 

HsC.O.OC C’O.OCjHj 

llOXa 

COGOHs 

CO 


HjC^OOC. HC 

oc 


C . COOC.,H, 
CO 


HO 

ioOCjH* 
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Malt. On germination of the barley graint Nor* 
*deum milga/re (order, Gramine<s\ under suitable 
conditions of warmth and moisture, the ferment 
Diastasis is formed, which changes the starch of 
the grain into grape sugar and dextrin. The result 
is malt. 

Moltase or 'Gluoase (jOhcm^ An enzyme 
having the property of hydrolysing the sugar 
maltose to glucose; it can also to some extent re- 
produce maltose from glucose. The enzyme is 
widely spread in both the animal and vegetable 
kingdoms, e,g, in the intestine, ijanereas, liver, the 
blood, and in yeast and the moulds AapcrgiUa nifjv.r 
and PenicilUum fildurnni, in inai/e, etc.; but the 
enzyme from all these is probably not quite the 
SJime, as yeast maltose byrlrol\ ses a-mclhyl glncoside, 
while animal maltase does not. Mallasc* has the 
property of resolving amygdalin into a simpler 
gluooside (the gluco-i<le of bciizaideh>'decyanhydriii) 
and one molecule of glucose. ^ Its optimum tempera- 
ture is 40® to 45°. The cn/j’me is prepared from a 
watery extract of maize or fioni yeast. 

Maltose (^7/m.), . 11./). A white crystal- 

line solid ; soluble in \\ator; sparingly soluble in 
alcohol ; dextroiotatory : the Iresli solut ion, + 11S*S®; 
on standing, + Ucfiiices Feliling’s solution 

ami ammoniaciil silver; gives an ovi'zone {q.v.) with 
phcnylhydra*/i!je. Caretully oxidised by bromine 
water, it yields a monobasic acid, malt* 'bionic acid : 
oxidised by nitric acid, it gives the dibasic saoclianc 
acid. The enzyme maltase (q.v.) hydrolyses it to 
glucose; so <lMes dilute sulj)huric acid on heating. 
It is fermentable by yeast to ah’ohol and caibnn 
dioxi<lo. Mallo>e is i)rcpaTed from starch by the 
action of malt; dilute starcli paste is treated with 
malt (or malt extract) at bO"' for an hour, boile<l and 
tiltered, concentrated, and the syrup extracted with 
alcohol. After some days tho alcoholic solution 
deposits crystals of maltose. 

Mamelieres (Armour). Circular ornamental plates 
or bossc.s fastened (m the sureuat of a knight C)ver 
the brensts. Attached to the mamelieres were 
chains, one of which secured the helmet, tlie other 
the sword. They were used from temj?. Edward 1. 
to Henry V. 

Mammals or Mammalia (^Zool.) The liighest 
class of animals. The chief characters distinguif^hing 
mammals from lower classes arc: (1) the close and 
prolonged connection between the mot her and unborn 
young; (2) the nutrition of tho offspring by the 
mother’s milk. There is a small Mib-class, however, 
tho MONOTnEMAT.\, including tboDuckmole (OruHh- 
orhyticus) and coviain other animals, which, though 
possessing mammalian characters, are oviparou>, i.e. 
lay eggs. A second sub-class include tbe Mak- 
fiUFIALS (kangaroo, etc.) ; in this the young are born 
prematurely, and transferred to an external pouch. 
All other mammals arc clrissed as ]‘lacental Mam- 
mals, from the jiresencc of tlua ITacenta, tlm structure 
uniting the young, before birth, to the mother. 

Mancando (Mus^ie). Weakening tlie tone. 

Manche or Haunche (Ifrr.) A sleeve with long 
hanging ends, as worn by ladies about the time of 
Henry I, Used as a charge, but in very conventional 
form. , 

Mandelio Acid (Chem.) Phenylglycollic apid, 
. * CHOIi . coon. Contains an asymmetric 
carbon atom,* and is accordingly known in the 
dextrorotatory, laivorotatory, and inactive forms. 
It is a white crystalline solid ; the active* forms 


both melt at 133°, and the inactive form mel^ ^ 
118°; it is soluble in water, alcohol, ether; it is 
oxidised by dilute nitric acid to bensoylformic add, 
then to benzoic acid : 

C^H^CHOII CeHsCO CeH^COOH 

COOH (IjOOH 


It i.s reduced by hydriodic acid to phenylacetic aoid. 
The other halogen acids give phenylhalogcn acetic 
acids. It is obtained from amygdalin by warming 
with hj'drochloric acid, and synthetically by acting 
on benzaldehyde with hydrocyanic acid and hydro- 
lysing the product : 


The active forms can be obtained from the inactive 
forra by making ihc cinchonine salt of the latter and 
crystallistng. The <f-mamlclic acid salt is the less 
S(jluble. Also PrnicilUuni glauoum destroys the 
laivo form, and leaves llic dextro form, when it is 
allowed to grow in inactive ammonium raandelate. 
When the inactive acid is made into the Iscvo 
menthol ester tl:c dextro acid e.sterifies quicker 
than the Irovo acid, and in this way a separation 
can be effected. 


Mandevile or Mandilion (Cost.) A jerkin or 
loose cloak, generally witb'Hit sleeves, worn during 
the .sixteenth and scvonteeiitli centuries. 


Mandoline ( See Musical Xnstbumbnts 

fSTUlNtiKU, 11 ) 

Mandrel or Mandril (AXv.) (1) A general term 
f(»r a cylindrical object on which work can be 
mountefl lv>r operation in toe lathe or elsewhere. 
(2) The spindle of the heacii>t(»ck of a lathe Qq»v.) 

Maned (Urr.) Wlion the mane of an animal 
differs in tincture from the boJy, it is blazoned 
maned or, or gu., etc. 

Manganates ((luvi.) See Ma^^ganesb Com- 
pounds. 

Manganese, Mn (Chem.) Atomic weight, 55. A 
lu>trous i’VA Idish grey metal ; melts in hydrogen at 
1240'^; sttiblo in air only when pure; when finely 
divided it attacks water on heating. Earily attacked 
by aciils, giving a manganous salt and liberating 
hydriigen ; even acetic acid attacks it. It precipitates 
most metals from solutions of their salts, especially 
tbe sulph.^tes, on warming. It is not magnetic. For 
its alloy with iron see Ikon. Manganese bronze, used 
in making ships’ ])rui)ellcrs, is an alloy of copper 
with ferroinangane>c. Its principal naturally 
occurring forms are the dioxide, called PYROLUSITB, 
.MnO^; Braunitb, Mn/),; Hausmannitb, MnAj 
Mang.vnmsb Spar (Rhodocrositb), MnCOj. The 
metal may be best obtained by the Goldschmidt 
process O/.e.); also by electrolysis of a saturated 
•solution of manganous chloride, using a kathode, of 
pure mercury and an anode of carbon contained 
in a porous pot; the pn>duct is washed, dried, 
pres.sed. and gently heated in a stream of pure and 
dry hydrogen. 

Manganese Bronze (J/et.) An alloy containing 
copper, tin, and some FERBOM.ANGANESiii (g'.u.) It 
forms a very durable alloy, which resists sea vmter, 
and is used for propellera of ships. 

Manganese Compounds ( i Them, ) Manganese forms 
thi'ee clfisses of compounds, viz, Maboahous Salts, 
derived from the oxide MnO; Mangakio Salts, 
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derived from the oxide Hn,0^ ; and skits in which air, when it ^vos the hydrated oxide Hn^OgHjO, and 
manganese oconrs in the acad radical, e.g, Man- this on washing, drying, and gently heating gives the 
GANiTiss, B*^nO, ; Makoanatbs, B^sMnO. ; and anhydrous oxide ; also by heating manganese dioxide 
Pi||MANOANATii8, B*Mn 04 . Manoanous Oxidb, in oxygen at 230°. Manganic Floubidk, MiiF, ; 
MnO : A green powder ; heated in air it gives MngO^ ; A crystalline solid obtained by the action of fluorine 
with acids it yields the manganous salts ; obtained on manganous iodide. When heated it gives man- 
by heating any of the higher oxides in a cun'cnt of ganous fluoride and fluorine, so that if this reaction 
hj^rogen. If the dioxide is used and the hydrogen is is performed in glass vessels, the glass is violently 
mixed with a little hydrogen chloride, the product is attacked. Manganic Chlobids, MnOl^t is only 
crystalline. Aanganous hydroxide, Mn(OII)„ ; A white known in solution in cold couc’entrated hydrochloric 
solid which rapidly oxidises on exposure to air, acid. Manganic Sulphate, Mng(804)3: A dark 
forming ultimately Mn^O,. It is obtained by mixing green solid; decomposes on heating at 18(P ; deli- 
air free solutions of manganous chloride and caustic quescent ; easily hydrolysed by water : 
potash in absence of air. Manganous Chloride, Mn/SC^)^ + 41 I 2 O - (MaPs.HjO) + 

ICnOl^: A rose coloured deliquescent crystalline solid ; It is obtained by heating a paste of precipitated 
vapour density at 12(X)° — 15dO° corresponds to formula manganese dioxide and sulphuric acid at 110°, till 
verj’’ soluble, in water and in alcohol; it oxygen is priven off; then at 135° to 140°, till it 
gives a green flame in the Tlunscn burner. From its liquefies. Tliis liquid deposits the sulphate which is 
aqueous solution it crystallises vvith4H30. Obtained freed from sulphuric aci<l by allowing to stand on a 
by heating the carbonate in a stream of di*y*liydrogen porous plate, then wasjung with concentrated nitric 
chloride. From ordinary manganese dioxi<le (which acid, and hcjating at 150® till the latter is removed, 
contains iron) it may bo prej^ared by boiling wdth The Man(4Anese ALi:»rs are formed by the union 
hydrochloric acid, precipitating a fraction of the of this siilplia!e \vith the alkali sulphates, e.y. 
solution by .sodium carbruiate, filtering and washing K^SO^ . ]\In/S0^)324U20 

the precipitate, and putting it into tlic remaindtT ot Manganese Pioxide, MnO_„ aho called lllack Oxide 
the solution : tiie mangano.se carbonate })recipitates of M;irigarie>c and ryridu‘«irf*: A black crystalline solid 
all the iron as hydroxulo ; the liquid is now filtered : or black finely divided powder. On heating, forms 
and crystallised. Manganous Si^lphate, MnSO^: ! first Mnd)j, then It conducts a current of 

A faint rose coloured solid obtained by healing | electricity, am! on this account, as well as on account 
MnSO^Sn./) at 280° ; decomposed at a red heat to of its powa*r to give up oxygen, it i.s used in the 
sulphur dioxide and oxygen. The salt is Leclanche cell (<^.r.) On heating in hydrogen or 
known crystallised with from 1 to 7 molecules water carbon monoxide, or with carbon, it is rcducetl to 
of crystallisation. Its solution crystallised below 6° manganous oxide. Heated with sulphuric acid it 
gives MnSO^THjO; isomorphous with FeSO^TH./); gives manganous sulphate and (jxygen; with h>dro- 
crystalUsod betw*een 7° and 20° it gi\es chloric acid, rnanganous chloride and chlorine. It 

isomorphous with copi)er sul])hate, CuSO/ilIjO, acts as a catalytic agent in the decomposition of 
Double salts with the alkali sulphate are known, hydrogen peroxide and potassium chlorate. It lias 
e.g, K^RO^MnSO^fiHgO and K2S04MnS()44IL0. To di.'^iinctly acid properties, combining w-ith bases to 
obtain the salt, manganese dioxi<le is heated with ! form mangaiiitos. Ttie hydrated oxide formed by 
strong sulphuric acid, water addeil, filtered, a jiart ( precipitation methods is .soluble in w’ater, and the 
precipitated with sodium carbonate, and so on just as j .'solution is acid; also, when precipitation occurs in 
under Manganous Chloride. Manganous Borate, I presence of a ba.se, (he precipitate contains some of 
MnH^CBOg)^*: Is a white powder when freshly pre- j the base, i.6’. it cemtains a iuaiiganite. When heated 
cipltated, a brownish powder when dried at 100°; | with alkalis manganese dioxide gives manganahjs (see 
obtained by mixing solutions of manganous sulphate h^low). It prerxired by dissolving rnanganous 
and borax. When added to oils which have the carbonate (pi-ccipitate the chloride with sodium 
property of absorbing oxygen from the air and slowly carbonate, filter, and wash) in dilute nitric acid, 
forming resins, it greatly accelerates this reaction; evaporating to a syrup and heating at 180° to 185° 
honce it is used in the preparation of drying” oils, for Home hours ; washing jiroduct with boiling water ; 
etc. Trimanganic Tetboxide, MngO^: A reddish drying over sulphuric acid; and finally heating at 
brown solid ; not changed by beating in air ; reduced 180° +u 200°. It is formed when manganous sulphate 
to MnO by heating in hydrogen, carbon monoxide, i.s precipitated by excess of potassium permanganate 
or with carbon. Heated with sulphuric acid it in pre.sencc of acid (nitric) ; but t!ie precipitate con- 
gives a mixture of manganous and manganic tains potas.^ium — in fact, pure manganese dioxide 
sulphates ; with byrlrochloric acbl it gives man- cannot be prepared by precipitation methods, 
ganons chloride and chlorine; with nitric acid it Besides its use in the Leclanch6 cell, manganese 
gives manganous nitrate and manganese dioxide : tUoxide is used in colouring pottery browm or Violet, 
Mn.O^ + 4HNOa » 2Mn(NOJ.^ + MnOj, + 2H2O, It in correcting the. colour of glass which contains ij%;n». 
is obtained by heating any of the other oxides to a and would be coloured by tins, and in the preparation 
high temperature in air, the lower oxide taking up of all other manganese compounds. Manganese 
oxygen and the higher oxides losing oxygen ; ab'O Trioxidb, MnO, : A reddish, arnoiphous, deliquescent 
by beating strongly a mixture of potassium and solid ; slowly decomposes at ordiuaiy temperatures ; 
manganese sulphates'! this gives ciystals. Man- with water it first gives manganic acid, H.^InC\, and 
GANIC Oxide, MiiaOj,: The natural form, braunite this decomposes into permanganic acid and manganese 
forms brownish black crystals; the arti- flioxidc ; with alkalis it forms manganates. To obtain 
ficial form is a black powder ; strongly heated, it, dry .sodium carbonate is placed in a flask standing 
it gives MmO^. With concentrated sulphuric in cold water ; from a tap funnel a solution of 
or hydrochloric acids it forms the corresponding permanganate in concentrated sulphuric 

manganic salts — sulphate and chloride ; but these acid(f» grams in 100 c.c.) is dropped slowly on to the 
readily decompose on warming into manganous salts carbonate ; the oxide i.s given off as a pink cloud and 
and oxygen and chlorine re.spectively. It is obtained condensed in a U-tube filled with broken glass and 
by allowing manganic sulpliate to deliquesce in the immei^ed In ice and salt. The MangakATBS : Salts 
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of the very unstable man^nic aoid H^MnO.; they 
are green in colour, and isomorphous mth the sul- 
phates ; they are all decomposed bj acids. Solutions 
of manganates are only stable in presence of excess 
of alk^i. Potassium manganate may be taken to 
Illustrate their preparation and properties ; it is pre- 
pared by heating manganese dioxide with caustic 
potash. If the reaction is performed out of air and 
in the absence of any oxidising agent, one part of the 
dioxide is used in oxidising the other part : 

3MnO, -f 2KOn - KjMnO, + H..() + lVln,0, 

[ 2MnO, « Mn,0, + 0* T 

MnOj, + KfiAljO -H 0 * K,0 . MnO, + 11,0 J 

In presence of an oxidising agent such as potassium 
chlorate we hax e : 


3MnO, + 6K0H + KCIO, - 3K,MnO, 4 - 311,0 + KCl 
Potassium manganate ife dcjcomijosed ijy water and 
acids, one part of the manganate being oxidised to 
permanganate at the expense of the other part : 
3K,MnOj + 211,0 « 2KMnO, -i- MnO, + 4K0H 


KgO. MnO„ * K,0 + MnO, = K,.() + AlnO., + O 
12K,0. MnO, + O = K,0 . Mn/ly + K,0'- 
2K]\ln0, + K.,0 
2K,0 4- 211,0 = iKOH 


5K,MnO, 4- 4C0, -f pTl.O = 4KMiiO, + MnCX), 4- 
3K,C0‘, 4 - nll,0 


K.O. MnO, 4- 200, - K,CO, MnCO, 4 - 20 
4iv,O.AInO, 4- 20 .-.2K:0MnA + 2K,0 =» 
4K]\IiiO, 4- 2K.d 
2K,0 4- 2CX)3 =* 2k, CO, 


Manganese Heptoxidk, Mn,Oy: A dark reddish 
brown oil ; di liquoceut ; slowly decomposes on 
standing in air; with water it forms a solution of 
permanganic acid, lIMnO^. It is obtained by dis- 
solving poliifssium permanganate in concentrated 
sulphuric acid, which is kept cold by l)eing immersed 
in a freezing mixture ; on cautiously adding water 
to the green solution, the liept oxide separates. The 
PBHMANaANATIiSr^The most important of these is 
Xjotasshiin permunganulc, KMnO, ; it forms %"ory dark 
red prisms with a bluish lustre ; rnodcraTcly soluble 
in water; on heating it loses oxygen and forms the 
manganate ; it is isomorphous with potrfssium per- 
chlorate. Its aqueous solution is a powerful oxidising 
agent ; e.ff. when boiled witli toluene it oxidises it to 
benzoic acid. On account of this oxidising action it 
is used in medicine as a disinfectant. Its solution 
with addition of caustic potash is also used as an 
oxidising jigont ; in Lliis case Iho manganate is first 
formed and then reduced to hydrated manganese 
dioxide. Such a solution is used, for example, in 
w^ler analysis in estimating “ albuminoid ammonia.” 
Baeyer used the permanganate in presence of sodium 
carbonate to distinguish between saturated and un- 
eaturated acids. Ho gives the following table : 


Instantavbously 

OxiniHED. 

open 

Formic aoid. The uniiaturiitod 
ftoida, fuiuarlc, citmuoiiic, 
etc., bromiicryllc, propiullc, 
oinnexnic, oleio. 1'he last four 
not quite BO rapidly an the 
otheiB. 


Not Ivstantakeously 

• OXIWHED. 

Form*. 

Saturated fatty acids except 
formic, acetic, oxalic, xua- 
Ionic, etc. It is rt'uiarkablo 
that the ester of malonic aeid 
is inntantAneously oxidised, l)e> 
haTing like ethyl acotoaceiato. 


Ring Form*, 

The uuBaturated bydrofteu llenzene aud naphthalene- 
addition products of the carboxylic acids. Benzene car- 
benseneoarboxyllo acids, *.g. boxylio acids saturated with 
diand tetrahydroterephthal ic h ydrof^n , e. g, hexahydrotereph- 
aoids. thulic acid. 


Potassium permanganate solntioii' acidified tpftb an 
excess of sulphuric acid acts as a very powerful 
oxidising agent : 

2KMnO^ 4 - 4H,S0, - 2KHS0, 4 - 2MnS0, + 60 

On account of this reaction a solution of perman-, 
ganate of known strength is much used in volumetric 
analysis. Examples: It oxidises ferrous sulphate 
to ferric sulphate. We have 2FeS0^ 4- H,SO^ + 0’ 
FCgCSOI), 4- H,0 ; therefore 2E^nO. gives fiO, 
which oxidises lOFeSO^; it oxidises oxalic acid to^ 
carbon dioxide and water. We have 

C,H,0, *f O * 2C0, 4- H,0 ; 
therefore 2KMnO. gives 60, which oxidises 6G,H,0^, 
Hydrochloric acid heated with potassium perman*^' 
ganate readily gives chlorine ; 

2KMnO^ 4 - IGHCl -= 2KC1 4- 2MnCl, 4- 8H,0 + 6C1, 
For its action on manganous salts see Manganese 
Dioxide; it also oxidises sodium thiosulphate tO' 
sodium sulphate. When hydrogen or carbon mon- 
oxide is pfissed through an acidified solution of 
potassium permanganate, oxygen is evolved. The 
preparation of this important salt is as follows : 
caustic potash and potassium chlorate are melted 
together in an iron crucible, and manganese dioxide 
added gradually with constaut stirring. The green 
mass obtained on cooling is extracted with water, 
and a rapid stream of carbon dioxide passed through 
the liquid, which is then filtered through glass wool, 
asbestos, or guncotton, and concentrated to crystal 
lisation point. Condy*s Fluid is a solution of a 
crude sodium permanganate, obtained by using 
sodium carbonate in place of caustic potash, and 
oxidising by air instead of potassium chlorate. The 
sodium s<dt is more soluble than the potassium salt, 
but its reactions are quite similar. 

Manganese Spar (Jl/m.) synonym for Rhodo- 
nite iqA \) 

Manganite (Mm.) Hydrous sesquioxido of man- 
ganese, M njjO, . Hj^O. Manganese ~ 62’6, oxygen *= 
27'Uf water » 10 per cent. Orthorhombic, in long 
striated crystals. Iron black. Often associated with 
Buiytos. It occurs sparingly in Cornwall and Aber- 
deenshire ; more plentifully at Ihlofeld in tije Harz; 
also from several localities in North America. 

Manhole (Eng.^ rtr.) An opening into a boiler, 
tank, etc., through which a workman can enter to 
insj»ect the interior or to effec t repairs. It is closed 
OT a closely fitting watertight door held in position 
by bolts, and usually so arranged that the internal 
pressure tends to force it more closely against its 
seating. 

(IlggieTUff Jiiiild,) A manhole or intercepting 

chamber is generally constructed on a foundation of 
brickwork lined with cement. The main drain should 
run across the chamber in an open channel formed 
of half or threequartej channel pipes. Bivinch drains, 
in the form of suitably curved channel pipes, should 
be made to discharge over the main channel, which 
itself discharges into a i|yphon trap. This trap 
should be provided with a raking arm, one end of 
which opens into the manhole. The chamber should 
be closed with an airtight cover, aud the fresh air 
admitted by a 6 in. pipe, the manholo end being 
opposite the entrance of the drain, and the open air 
end covered by an iron grating and provided with 
a mica flap. An Inspection Chamber should, 
if possible, be provided at each point where a change 
in the direction of the drain is effected. 
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Kanihot {lictany^, A South American plant of 
the order EujtJiorhiacem, From the tuberous roots are 
prepared Cassava Meal or Brazilian Arrowroot 
and Tapioca, One species (if. glaziovii) yields 
OEARA IlUBBEB. 

Manilla Hemp. A native of the Philippine 
Islands, Mnsa textilis (order, Mumcete\ producing 
valuable fibre for ropes. The fibres are obtained 
from the stem previous to flowering. 

Manilla Rope. Pope made from the fiiires of 
Mma JwgJodyaTumy a plant growing in Manilla. 

Manioc. A synonym for Manihot { q . v .) 

Maniple or Fanon {Arcluvol). Originally a piece 
of linen, shaped like a scarf, worn by priests across 1 
tlic left hand or arm, and used by tlje sficrificing 
priest perhaps as a handkerchief. On the Bayeux 
tapestry a manii)le is seen in the h ft hand of 
Stigand, Archbishop of Canterbury. Subsequently 
the maniple was richly ornamented. 

Manley Stone. iSrcc Building stones. 

Manna. A aaccliarine substance used in medicine 
and obtained as an exudation from the incised ^tonl , 
of a species of ash, fVaxJouK tyrunx (order, Olraeea). j 

Mannitol nr Mannite (^V/cwl), . (ClKdl),. | 

Cfl.,OH. A wliite crAstaliiiM* solid; sweet taste; | 
melts at 1116°; dextrorotatory in solution in presence of j 
borax; soluble in water, s])aringly soluble in alcohol. 
Hydriodic acid reduces it to secondary hcx}l iodide, 
CpITijI. On cautious oxidation with nitric acid it 
yields the sugar mannose, which is the aldehyde 
of mannitol; stronger oxidation concerts it int<* 
saccharic acid. A mixture of concentrated nitric j 
and sulphuric acids gives tlm hexanitratt}. Acetic i 
anhydride gives the hoxa-a<'etate. It <iceurs in | 
manna (the evaporated sa]» of sp<;eies of ash), celery, i 
common syringa, in a comTuoii fungus {.{(jarieust 1 
inteffer)f and it is obtainc«l from manna by lK)ilinL' ! 
with dilute alcohol, allowing to crystallise, and then : 
purifying the crystals by reor\siallisation. It is | 
also obtained by redu(*tiori fjf mannose, Isevulose, 
and mannonic acid. Tin* Iievo and inactive forai-s 
are known. 

Mannonic Acid (Chrm.), CH.OH . (CHOII)/::OOII . 

=s CjHioOy. Only known in the form of its salts. 
When liberated fnnn its salts it forms the I.actone 
j(8ee Lactones) <'.11,,/)^: a white crystalline .solid 
(prisms); melts abom soluble in water; it is 

known in the dextro, ijcvo, and inactive forms. The 
inai'rivc acid can be resolved by making its strydinine 
salt and crystallising from alcohol when the Imvo salt 
separates first. When rZ mannonic acid is heated 
with quinoline and a little water at 140°, it is 
partly converted into i^-gluconic acid, the unchange<l 
c?-mannonic acid being separated by means of its 
brucine salt. Mannonic acid yields inaniiose on 
reduction. It is prepared by oxidation of manno.se 
or from gluconic acid by heating with quino- 
line {see above ) : 

Mannonic acid ^ Gluconic acid. 

/Heated with\ 

V quinoline / 

Mannose ( Chem.), CII./III . (CHOH),CHO. Colour- 
tes solid; melts at lfiG° ; soluble in w-ater. It is 
known in the dextro, laevo, and inactive forms. The 
inactive form can bo made to yield the laevo form by 
fermentation with ycijst, when the dextro form is 
first decomx>osed, the Isevo form remaining. It is 


sweet; reduces Fehling’s solution; yields the same 
osazone as glucose with phenylhydrazine. On reduc- 
tion it yields mannitol, and on careful oxidatibn 
with bromine it yields mannonic aci^ It is ob- 
tained from the reserve cellulose (seminine; honee 
this sugar is sometimes called seminosc) of plant 
seeds by hydrolysis with a dilute acid ; also by 
oxidatirm of mannitol (^.tr.) See also LextroSE 
and Sugars. 

Manometer (^Phys,) An instrument for measuring 
lluid pressure ; the simplest form consists of a 
U-tube, t»ne limb being op<m. the other oomieoted 
to the vessel Ci»ntaining the fluhl w'hose pressure is 
to be measured. A suitable liquid {c,g. mercury) is 
]>laced in the bend of the tube. The differeiieo in 
level of the liquid in the two limbs enables the 
required pressure to be calculated. A simple form 
of Air Mano.ueter is formed by sealing up the 
free end of a similar U-tube, so as to enclose a 
convenient volume of air above the mercury' in the 
sealed limb. The pressure is ealculatod from the 
amouni by wliicli this air is compressed, i.e. from 
BoyleV Law, making allowrmce for the difference in 
level of the niemiry in the tw'o limbs. 

Manometric Flame A gas flame used for 

indicating small variations of ga>cou,s ]iressurc, as 
in exiKiriraents on vibrating 4;olumns of air. The 
changes of pressure arc communicated to the 
gas supplying the llamo by means of a flexible 
diai)hragra ; the space on one side of tliis com- 
municates wdth the gas supply, and that on ilio 
other w’ith the air which is in vibration. The 
variations of pressure cause eliangcs in tlu- size of 
the fiame ; these changes arc obsoiTcd by nu'atis of 
a rotating mirror, as they are too rapid to be 
detected by the unaided eye. 

Mansard Roof (Jiuild.) A roof having two 
pjtchis, geiK'rally Ot)° 
an<l 30°, to allow space 
for a rofun in the roof. 

See also boors. 

Mansfield Stone. See 

Building Stones. 

Mantle (//cr.) Along 
robe worn in the muidle 
ages over the armour, 
and still used as part of the inrignia of knightly 
orders. 

9 Incandescent. A eax> or co^■e^ composed 

of a meshed fabric containing oxides of certain rare 
earths ; wJien lieatcd by being placed over a non- 
liiminous flame it becomes incanclesccnt, emitting a 
brilliant light, somewhal rich in violet rays. The 
best know'll form is the Welsh agii Mantle {q.v.) 

Mantling (Tfer.) See Lamurequin. 

Manual (.!/?/«>). The keyboard played by the 
hands, Se Organ. 

Manubrium {Kool.) A process (^.r.) of the 
sternum and of the hammerbone or malleus in 
the ear. 

Maple. See Woods. 

Map Yamish. I'he prime requisites for a map 
varnish are transparency and elasticity, so that the 
varnish does not hide details, and will not crack if 
the map is rolled. up, nor peel off with atmospheric 
changes. Any nearly colourless gum may be dis- 
solved in a colourless solvent to prepare these 
varnishes. Bandarach or mastic, with spirit of wine 
and Venice turpentine as solvents, form the usual 
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ingredients. The Venice turpentine increases the 
elasticity. An excellent recipe is; 72 oz. of finest 
mastic, 46 ‘of oil of turpentine, 10 of Venice tur- 
pentine, 3 of camphor, and 200 of strong spirit 
of wine (96%>er cent.) 

Haraschino. A liqueur made from cherry kernels 
that have bpen infused in spirit and afterwards 
distilled. 

Marble (Build,) See Building Stones. ‘ 

— (Ocol,) A term often used to denote any 
kind of rock other than granite or freestone, which 
is suitable for decorative buihling purposes. Marble 
is, however, strictly speaking, a limestone of pleasing 
colour and pattern, which takes and n^tains a good 
polish. Most of the marbles, and especually those 
with a saccharoidal structure, were originally lime- 
stones of ordinary character, whi<'h have undergone 
recrystallisation. In the process of this reconstruc- 
tion the various impurities present in the rock have 
also undergone rearrangement, and tiuis given rise 
to some of the varied patterns seen in marble. 

Marbled Paper, Marbled Edges (Bind.) Marbled 
paper, l.e, ^Miper coloured an«l veined in imitation of 
marble, is often used to form the end papers of 
books. It is also used for the covers of certein 
styles of half bound books. The edges of books 
when marbled shonkl matcli the end ])apers. 
Marble, Imitation* See Makezzo and 8c ag- 

LIOLA. 

, Statuary. The marble chiefly employed 

for sculpture is of a saccharoidal texture, i.r. it 
re.serablos in structure loaf sugar. The marbles used 
most extensivt'ly by the ancient (5 reeks were (1) 
Bai'ian : a finely grained, durable stone from which 
some of their finest figures, including the famous 
Venus de Medici, were formed. (2) Pentelic *. a 
coarser grained stone than Parian ; used entirely in 
the constriictiou of the Parthenon. In modern tinu'S 
the best known and most extensively employed is 
Carrara, a scrvhicable .and bcautirul mediiiiu, when 
pure; but it is not infrequently blemished by Vilack 
or grey veiiiings. 

Marcasite (Min.) A sulpliide of iron, Fe8.,. 
Sulidiur — f).'!, iron = -17 per cent. Orthorhombic’; 
often twinnfid. It is a less stable compound than 
Iron Pyrites, and is rallicr paler in colour usually, 
being a pale bnassy cnlour. It is a much less 
plentiful niinend than pyrites. ?\)rmerly used f(»r 
oriiamonkil purposes. Of wide distribution, often 
in altered limestone ; also in the clialk, 

Marcatissimo (Mvnic). Very marked : greatly 
accented, 

Marcato ( Marked: accented. 

MarchionesB (Build.) A roofing sLitc measuring 
22 by 11 in. 

Mares* Grease. A lubricant from the fat of horses 
slaughtered for hides, etc., in South America, See 
Luukicants. 

Marezzo (Build,) An imitation marble formed 
of Keene’s cement and various colouring matters, 
used for panels, pilasters, anti columns. The proct;ss 
of manufacture is as follows ; threads of raauilla 
grass, floss silk, or other suitable fibres are dipped 
into a “ slip'' (q.v.) of Keene's cement, coloured to the 
tint of the veining desired. The^'e arc arranged on 
a sheet of plate glass or other smooth siirface to form 
the markings. Another thin tvnt of “ slip,” tinted 
to the body eolnur of th<^ u)arl)lc to be imitated, 
is now poured on. The threatls are then carefully 


picked out, leaving behind them the veining colours, 
and dry cement is sprinkled on to absorb superfluous' 
moisture. This preparation forms a surface to which 
a canvas backing is attached to strengthen It, the 
whole being further strengthened by a coat of 
cement to the required thickness. \V^en dry the 
slab is removed and polished. 

Margarine (Foods). Manufactured chiefly from 
beef and mutton fat (a mixture of stearin, margarine, 
anti olein). The beef fat is first finely minced and 
heated to about 100° F. The water and dShris sink to 
the bottom, and the fat is run off as a clear yellow oil, 
and kex)t at a temperature of about 86° F. The stearin 
solidifies and the t>leomargarine is separated as a 
liquid, filtered, pres.sc*d, churned up with milk, 
coloured with annatbo, cooled with ice, and is then 
ready for sale. By the Margavine Act, 1887, it may 
only be lawfully sold under certain conditions. 
Every package or parcel of margarine must be 
marked in capital letters not less than ^ in. long, and 
no other printed matter shall appear on the wrapper 
(section G). All margarine manufactured or imported 
must be consigned as margarine (section 8). The 
premises upon which margarine is manufactured 
must be registered with the local authority (section 9). 
By the Sale of Food and Drugs Act, 1899, section 8, 
no margarine must be sold which contains more than 
10 per cent, of butter fat. Section 5 extends provi- 
sions r elating to margarine to margarine cheese. 

Margery’s Fluid. A solution of copper sulphate 
used to preserve timber. 

Mari [in (Build,) The part of each slate on a roof 
exposed to the view. 

Marigold Window (Architect.) See Rose Win- 
dow. 

Marine Boiler ( Fng.) These are either cylindrical 
boilers of the type known as Scotch Boiler 
(tj.v.) or of the Water Tube type, such as the Belle- 
ville, Babct^ck fit Wilcox, etc. See also Boilers. 

Marine Compass. A form of magnetic compass 
(q.r.) su^-peuded by pivi>ted rings in such a manner a» 
to remain as horizontal as possible duiing the motion 
of a si lip. In modern ships the magnetic effects due 
t/» the iron in the vessel are corrected by fixing 
compensating masses of iron in suitable positions. 

Marine Denudation (Oeoh) See Denudation. 

Marine Deposits (Gcol.) Sediments of various 
kinds winch arc left on the floor of the sea. Tlicy 
may be classed as (1) Belagic Deposits, wliich have 
been formed in deep water far from the land ; 
(2) Thalassic Deposits, formed also in clear water, but 
nearer the shore ; and (?>) Terrigenous Deposits, which 
represent nuiteria-ls of mechaiiicai origin left not far 
from the land, and which have bt^m transported from 
it by the action of w.at.er in motion. The siliceous- 
Ihadiolarlan Ooze is a good example of the first } 
many Foramini feral Oozes belong to the second 
category; while the third embraces the Glar.couitio- 
Saiuls, coral muds, and the \'iiriuus sandy andznuddy 
d(q)osits that are left within a few miles of the 
shore. 

^ Marine Engine (Eng.) Modem marine engines 
are almost invariably compound engines, witli two, 
three, or sometimes four inverted cylinders, in which 
the steam is expanded in succession. ^ Steam 
Engine. The latest <lcvelopment is the use of the 
Steam Tukbinb:, a^^ in the Queen (Channel service), 
Bdwwrd VJL (Clyde), and certain yachts and toipedr*- 

boat destroyers. 
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Haflae Glue* A cement containing rubber, 
ebellac, and oil. It is melted and applied bot to 
wood and other materials where a watertight joint is 
required. 

Harinoni Machine (JPrint.) See Typography. 

Markitt|{ Gauge ( Carp.^ etc.) A short rod of wood 
having a steel marking point projecting at right 
angles near one end ; on the rod slides a block 
forming a guide or “fence,” which can be fixed in 
any required position. Used for marking a single 
line parallel to and at a given distance from the edge 
■of apiece of wood. Qf. Mortich Gauge. 

Marking Ink. See Ixics. 

Martog Out (AVi(^.) The process of marking 
on a piece of work the principal lines, centres, and 
measurements of the finished artiede. 

Mark t>£ Oadenoy or Difference {Her.^ A device 
adopted to distingiusLi different members of the ^ame 
family who bear the same arms. Sec IjAbel. 

Marks {Met, ^ Eng.) The brands, such as B, BB, etc., 
which denote the quality of metal. 

Marks of Reference ( Typog.) See N otes. 

Marl {Geol.) In text books marl is generally 
<3efii4ed as a calcareous cloy ” ; in practical geo- 
logical work the term is almo>t universally aj>}>lied 
to any half-indurated clay, which readily crumbles 
to small fragments and c^ent^ally forms into clay 
of the ordinary type after exposure to tlie w*’athf!r. 
The marls of the New Red or of the Old Bed 
rock are typical examples. Tli<’ clay which, mixed 
with shells and other calcareous matter, forms at 
the bottom of some lakes, is distuiguishecl as Shell 
Marl. See also Bricks. 

Marquet^. A method of decoration effected by 
inlaying witli jaeces of wood, metal, and other 
materials of <lifferent colour.s placed in juxtaposition, 
tind arranged to form various patterns. Buhl furni- 
ture is an example of this ‘^tyle of decoration. 

Mars {Astron,') Distance from sun, 141,500,000 
miles ; diameter, 4,250 niik-s ; fHaiodictime, (IS? days ; 
time of rotation, 24^- hours. It has two small satel- 
lites (Phobos and Deimos), Periods liour.s and 
410 J hours respectively. 

Marsh Gas ( Ckem,) A common name for Methaxe 
{q.v.) 

Marsh’s Test {Chem.) A test for arsenic and 
antimony depending on the production and Ix*- 
haviour of their compounds witli hydrogen. The 
substance to be tested must be in sfdutiori or be 
soluble ; if it is mixed with orgarii>* matter, tliis must 
be destroyed, for example, bygi-ntle warming wdlh 
hydrochloric acid and potassium chlorate, arul sub- 
sequent removal of all traces of cdihirine and 
chlorine oxj^'acids. A cr>m pound like ar^onious sul- 
phide must he oxidised to arsenic acid by nitric 
acid, and excess of the latter removed by evaporation, 
because the sulphide is insoluble in the reagents 
employed, while arsenic acid is readily soluble. Zinc 
or magnesium free from arsenic is placed in a fla'«k 
fitted with delivery tube and tiiistle funnel. Ti e 
delivery tube is attached to a lube of calcium 
chloride to dry the escaping gase<, and the drying 
tube is attached to a piece of bard glass tu>>ing, 
narrowed to a jet at the further end. Dilute 
hydroohlotic acid freed from arsenic (this can be 
done by previously heating the acid with clean strips 
of copper) ia poured down the thistle funnel on to 
the ainc or magnesium. With zinc, if the action will 


not begin, a little platinum chloride may be added. 
The apparatus is xmw left till riie hydrogen which is 
generated has displaced all air from the apparatus. 
Now the solution to be tested is poured in, and 
some of the h^’^drogen, instead of being set free as 
such, reduces the msenic or antimony compound to 
hydride, AsH, or SbH^ which escapes with the excess 
of hydrogen. If a fair amount of arsenic or antimony 
is present, the liydrcgen and hydride may be lighted 
at the tip of t.ho hard glass tube, and a cold porcelain 
surface held over the flame. The incomplete air 
Mipply causf‘.d by the porcedain bums the hydrogen 
of the hydride to water, while most of the arsenic or 
antimony, if the llaine is not large, is deposited on 
the porcelain. This deposit is soluble in bleaching 
powder solution if it is arsenic; insoluble if it is anti- 
mony. A drop of nitric acid dissolves it in both cases 
on warming, and silver jiitratc ad<led to the solution, 
followed by very cautious addition of ammonia, gives 
a retldish brown precipitate with arsenic, but not 
with antimony. If the amount of arsenic or anti- 
mony is small, the hard glass tube is h(^ated, when 
the hydride i.s resolved into its elements, and a 
deposit of arsenic or antimony is obtained ; with 
traces of these elements this process must go on for 
hours. The deposits can bo distinguished by their 
appearance and by subliming tliem in a current of air 
when the arsenic forms ery^tals of arsenious oxide 
which can be identitied under the microscope, while 
the antimony gives an amorphous <leposit of oxide. 
This process can be made quantitative by comparing 
the arsenic deposit writ h that produced by a known 
amount of ar>enio in a .similar apparatus^ Beveral 
substances interfere with the prodin^tion of the 
hydride.**, e.g. pnsscuce of iron, nitrates, nitrites, 
sul]>hnrettKl Indrogen. It is a very dedicate test, 
but v>)»iiiions vary as to its delicacy ; it wall detect 
^^75 of a milligram of arsenit*, or, according to some, 
i,Vcm; ''f ^ milligram. 

Martel de Fer (^1 rvis). A hammer lieaded weapon, 
being a oombinatiuu of the mallet and pick, one half of 
tin* head being si sapid liko the ordinary hammer or 
nitiilet, the otlier pointed like a pick. There were 
two kinds, the long ham lied and the short handled, 
tIjc former u.sed chiefly by horsemen. Used during 
the fourteenth and fifteenth centuries. 

Martellato {Music). ITammered. 

Marten {^ooL) A member of the polecat and 
weasel family (order, MmfttTida ). Tlu; Pine Marten 
{MusteJa nnjrtrx) yields a valuable fur, which is 
often solvl as an inferior sable. The AMERICAN 
Marten {M. ainericana) also has a fur of great 
value. 

Martensite ( Chvm. , Met. ) See Iron. 

Martlet ( 7fer.) The heraldic sw'allow, rc'presented 
without legs and with long wings. It is used as 
a differenec or mark of cadency for the fourth son. 

Marver C Glass Mnnvfac.) A polished plate of 
cast or wrouglit iron placed upon a wooden bench or 
stool. Used for consolidating and centreing the 
molten glass upon the blowing iron. See also GLASS 
Maxltfacture. 

Marziale, Alla Maraia {Mnsic), In march time : 

martial. 

Mascle {Her.) A lozenge, perforated or “ voided” 

Mascled Armour. A kind of mail armour con- 
sisting of lozenge shaped pieces of metal attached to 
a leathern tunic. Armour of this kind was worn by 
the Normans, and is depicted on the Bayeux tapestry. 
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Mask (Pi^^o.) Au opaque soreen, often of blaok 
paper, or 4^e of some Taiulsh painted on, used to cat 
oft part of a negative daring printing. 

or Masqite {ArcMteot) An ornament used 

in cornices ana in corbels in English architecture 
during the thirteenth and fourteenth centuries. In 
front elevation • it is similar to a buckle, and its 
shadow on the wall resembles the iirofile of a human 
face. It is also known as a Buckljbi or Notch Head. 

MaBOned (Jffor,) When the dividing lines in the 
masonr?’ of a building such a*? a ca.stlu or tower are 
represented, they are described as masoned. 

MaflOnry. The preparation and fitting together of 
stones in tlie construction of biiildinys, walls, etc. 
Stonework as distinguished from brickwork. S(*e 
Ashlah and Rubbli;. 

Mason's Mitre {Build.) Tn mason's work all 
mitres are worked in the solid ; that is to say, the 
angle is formeci from one' piece of stone, so that there 
is no actual joint along the line at which the two 
mouldings meet. 

Mass. Mass usually means tlie ** quantity of 
matter*' in a body. The dynamical measurement of 
mass is bast'd upon the c hange in velocity (accclei-a- 
tion) produced in a given time by a given force, 
which acts on the b<idy. Thu< equal masses arc 
thase in which ccjuul fences prc»ducc ecjual changes of 
velocity in equal lituc^. 

Mass Action If steam is jiassed over red- 

hot iron the magnetic oxide of iion and hjdrugen 
are )'>rodiK'od ; if hydrogon is passed over red-hot 
magnetic oxide of iron, iron and .-team are produced. 

3Fe-i- 411,0 t 

At a rortain temperature, and with a mixture of iron 
and magnetic oxide in e.eiiain j)ro)>orth'n>, and a 
mixture of hydrogen and sleam in certain propor- 
tions, it is clear that just as much iron will be 
eon\tTted into magnetic oxide* as is pi od viced from 
the magnetic oxide. If now ilie value of the ratio 

I in crease il by a smol] amount and 

constant at its new value, the ratio 

- . will be diuiini.slied by certain 

magnetic oxide 

.amount, but will again beenme constant at a 
smaller \aliu*. This kind of itMciioii is called a 
mass act inn, and most chemical actions are of this 
kind, e.ff. (1) IteMctions like the abov<* with other 
metals }>.*sules hydrngeii. (U) ])issneialion of a coin- 
jiound AB when the dissociation {iiodvu'ts A and B 
are present with unchanged substance AB. (.‘i) 
Double, decompnsition occur' ing in a hoinogeneous 
liquid, as in the case of alcvdiul and acetic acid, 
which form ethyl acetate and \vati*r, ami are repro- 
duced from these; or in the case uf potas.sium 
sulphocyanato and ferric cidoii<le in aqueous solu- 
tion, which form ferric, sulplmcyanate and potassium 
chloride, and are r(*prodii<'ed from tiiese. (4) A 
soluble salt in solution and a marly insoluble .salt 
partly extihange acids, as in the ca.^e of }>otassium 
carbonate and barium sulphate, which form jiotas- 
sium sulphate and baiiurn carbonate, and arc 
reproduced from these. Taking the last case, the 
following table will show the influence of time and 
mass of the potassium carbonate. I'he temperature 
is 100^, and at the beginning of. the reaction one 
molecular proportion of barium sulphate was present 
^nd dOOsnolecular proportions of water. There are 


steam . 
h v'‘ 1 1 ogen 
ijbgain kept 
iron 


seven separate experiments, and the absolute amotint 
of barium sulphate at the b^inning is given in eaob, 


MolecnlesPeroentasd of BftS 04 
K 3 OO 3 deoompoBed. 

Absolute initial 
amount of BaS 04 
in grams. 

bouat 

1 

8-6 

1*2261 

1 

2 

36*1 

1-4023 

109 

3 

56*9 

1*2689 

109 

4 

7«-2 

1*3068 

109 

5 

96-2 

1*3328 

113 

7-5 

9H-4 

1*2604 

112 

7-6 

9*7*1 

1*3340 

163 


It is unfortunate that the amounts of barium 
sulphate were not absolutely the same in each ex- 
periment ; still, the table is useful. To get an hlea 
of the law of mass action, consider the homogeneous 
systeyi obtained when one molecular proportion of 
acetic acid and ethyl alcohol are mixed at the 
ordinary temperature and left to stand at that 
constant temperature; ethyl acetatq and water are 
formed, and these begin to reproduce the acid and 
alcohol, the first reaction gradually becoming slower 
and the second.gradually quicker, until the speed of 
eaf'h is ilie same ; tlicn, lis far as the amount of each 
of the four substances is (Jonceiiied, there is no further 
change. Wfi shall express this condition by saying 
the system* is in equilibrium. Let d? of a molecular 
proportion of alcohol be the amount tran.sformed 
wdien we have equilibrium, x is evidently in our case 
a proper fraction. Then wo may express the state of 
affairs by the following equation : 

C.liftOll -f- (dl.roOH = (1 - + 

(1'- j.)OJr,CUOH + a-CIIjOOOCjr, + 

T*he law of mas.s action for this case is 

7i(l — ./’)(! — a») » h'x.x or ^(1 — a?)“ = 
k is a constant calleii the affinity constant for alcohol 
anti acetic acid, and /c* is a similar constant for the 
ester and w’atcr. (1— a?) is called toe ** active mass’* 
of the alcohol and acetic acid, find a? the “active 
mass” of the ester and water. Tlie active mass of 
a Milxtance is now generally expressed by the 
number of gram molecules ])er unit volume of the 
system ; this is called tlie con(*.oiitration of the sub- 
stance. Tiie gencrfil equation for a system such as 
tlie above, wliore ordy one molecule tff each substance 
rtjacts, is kjjf, q « //.y/, . The general equation for 

any system which is homogeneous and in equilibrium^ 
and for which the cliemicnl equation is 

a? + /5Q + ... = a'r’+-j8'Q’ + . . . 

is . . . where py q . * , q* • * . 

are tiie concentrations (gram molecules per litre) of 
r, Q . . . ]’*, Q* . . . The above formulas hold for 
gases as well as liquids; only as the concentration 
of a gas is directly propoitional to its pressure, 
yiressures are usually sub.stituted for concentrations. 
In all the above cases it is assumed that no other 
action occurs than that indicated ; that is, the 
products of a reaction arc assumed to be without 
ucticvn on the original substances. Oases of hetero- 
geneous systems, such as that between iron, magnetic 
oxide, steam, and hydrogen, and that between barium 
sulphate, pi)tas.-iuin carbonate, j)otas.sium sulphate, 
aid barium carbonate, arc treated on the assumption 
that the active masses (concentrations) of the solids 
are constant ; that is, the iron and magnetic oxide in 
the lirst case have each a small and constant vapour 
pressure, and the barium sulphate and barium car- 
bonate liave eacli a small and constant solubility. 
Example; Chemical equation, 

3Fe + 4H,0 Fe.O, + 4H, 
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% Applying the general formula, we have 
;<^where k and A' are the “ affinity constants,^' p and j/ 
arc the vajx>ur pressures of the solids, and q and q' 
the partial pressures of the steam and hydrogen 
respectively. Hence 


(t\ - ^ 
WJ Iqi^ 


t 

S' 


hp 

Constant 


Constant 


Deville found in two experiments : 

1 - il> and 
q' 25-H q' 57-9 

= 0-178 0174 

The error is well within the limits of experimental 


the other edge, so they may be fitted together. The 
tongues and grooves are cut * by machinery, and the 
boarding supplied by the timber merchants ready 
for use. Often termed Matching. 

Matchbox or Pipe {Armtt), A metal tube carried 
by matchlock men to protect the lighted match with 
which they fired their weapon from the weatiier. 

Matchlock (Arw.?). One of the early forms of’ 
hand gun used during the fifteenth century. It was 
fired by means of a slow match, which was fixed in a 
lever on the gun. 

Match Plate {Fow^dry). A fiat plate to each side 
of which one half of a pattern is attached ; the 
mould is made in two halves by the two parts of the 
pattern. In certain classes of work this method saves 
considerable time. 


Mascicot (C'Acw.) See Lead Compottnds. 

Massij (Musie), The German equivalent for 
Modebato (q.i\) 

Massive The term apx»lied to the mode of 

occurrence of a mineral \vhioi\ is found in large 
masses, as distinguished from crystalft, granules, 
lamellie, or other forms. 

Mast (Fny.') Any vertical pole, such as the upright 
post in certain cranes. In electrical traction the pole 
carrying the trolley wheel which makes contact w-ith 
the overhead wire is termed a mast. 

Mastaba (Architect.) The common form of the 
ancient Egyptian tomb ; its shape, is that of a trun- 
cated pyramid. They each cantaine<l a chamber 
near the entrance, in which nfforings w-cre j>larod ; 
several secret chambers, known as Serdab^; and an 
underground chamber, containing the mummy. 

Master (Art). A term applied to the founder of 
a ** school.” One who is eminently skilled in some 
branch of art. 

— — (JEnff.) A term applied to various tools 
used either as standards or r<»r the production of 
other tools to a standard size or pattern, e.g. a 
Master Tap (q.r.) 

Master Clock (Clocks). The timepiece controlling 
and actuating by electricity a series of (iial work.s, or 
“journeymen,” at different points in the circuit. See 
Indicator Diau 

Masterpiece (Art). A great and ma.sterly work 
of art ; a work which is superior to any other by the 
same person. 

Master Tap (Eng.) A standard tap, used for 
making the dies used in cutting screw thrcad.s. 

Master Wheel {Eng.) A large wheel, accurately' 
divided, used for correctly dividing out the teeth 
when cutting gear wheels. 

Mastic (Botany). A resin from the incised bark 
of the stem and branches of a Mediterranean tree, 
Pixtacia leniucm (order, Anacardiaceee). Used in 
medicine and as a varnish. 

— (Build.) A cement made of powdered stone 
ox bricks mixed with oil and driers. % 

Mat, Celtic or Basket (Textile Manvfac^ A 
tvfie of weave in which the warj^ and weft foim 
small squares. Mats are of three kinds, namelj’, 
ordinary (i.e. squares of warp and weft equal in size), 
irregular, and twilled. 

Match Boardiii|[ ( CarjK and Join.) Boards each 
having a tongue worked on one edge and a groove on 


Mate. An assistant or subordinate who assists a 
more skilled w'orkriian. The term i.s also used in its 
ordinary son.se for men working together. 

'VLzXk (Botany). 

Matelasse (Textile Manviai.) French term for a 
type of figured mantle cloth in which the design or 
pattern maybe formed ent irolv either by the warp 
or by the weft. In oiher tyjxvs, both warp and weft 
show on the face of the cloth. 

Matico (Botany). A powerful stvptic drug con- 
sisting of the dried leavc.s of t}>e *'’ant Piper 
angmti folium (ordt*r, Piperavece). 

Matrix (Build., etc.) The cementiiiu material 
mixed \\ith the .aggiegnU* for making concrete. 

Toe copper mould or “strike” 

from wdii(‘h lyjio is cast. 

or Matrico, pi. Matrices. In a general 

sen^o, the mould or fnrru in w bich uythingisslmpixl. 
A <lie from which impression^ in ndief are. obtained. 

Matt (/^cc.) Having a dull or lu^tl■l■l '.ar- 

.ance; used with rid’cr. iice to coloi.i^ in tUp»iera]'er 
W'hich are Jefl unvasnbhcd. 

— ; — or Regulus A mass oC jiartly 

purified metal in som** in termed iab* stage of tlie 
smelting process, es[.'‘f iaJly applied to Copper when 
in the f'ondition of < n.i^se Metal or Fine Metal. See 
Copper and Metalll'ucv. 

Matter. Matter is defined as (1) tliat which 
occupies space; (*2) that whij-h p<'sses.scs inertia. 
Of the acruai nature, constitution, or ulti»uate 
.stru(‘.ture of matter no exact sratemenu can be 
made, 

(Engraw) An implement in the form of 

a punch used by mez/oiint engravers for “matting” 
or laying a light, /.r . ihirkciiiug the pjirts of a plate 
where the lights vlto. too high. 

or composed tyi)e. 

, States of (Phy.t.) Matter nmy exist in 

three different well marked .states, as: (1) A SOLID. 
(2) A J.IQEID. (H) A Gas (q.v.) Certain other 
transiticjnal and less marked states are also observ- 
able under speci;d conditions. 

Matt Gold Size (Dee.) A size used in gilding 
where tlic .surface is required to be dead, i.e. without 
ghiss. It is sold ready for mixing with jelly size. 

Maulstick (Paint.) A light stick about a yard 
long, lield in the, left hand and used by painters to- 
steady and support the right liand when painting. 

Mauritius Hemp (Botany). See FuBCRiSA. 
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Mftiillft (JZod.) (1) In vertebrates, a jawbone; 
(2) An appendage in the CiaTfish and other 
Crustacea, 

Masima and Kinima iMath,, Phy9%) A quantity 
which varies periodically and continuously {e.g. the 
sine of a (H>Dstantly increasing angle) attains a 
certain value;, at which it ceases to increase, and 
commences to diminish. This value is termed a 
Maximum. After passing through this value, the 
quantity diminishes until it reac;hcs a certain value, 
termed a Minimum, at which it commences to 
increase again. In a Sine Curve (^.v.) the successive 
maxima are equal, as are also the successive minima ; 
but this is not necessarily the case. 

Maximum and Minimum Thermometer. A f'yrm 
of thenuomotcr posMjssing some device for ref oniing 
the highest or lowest temperature registered by the 
instrument during some given observation. In many 
forms the recording device consists of an index, 
generally some small body which is readily pushed 
along the bore in one dir Ion by the surface of the 
liquid, but which i**' >eh‘ii(] when the surface 
moves in the opposite df'-ection. In Rutiiebford'S 
form the maximum therra^'meter contains mercury, 
the surface of whi^.h is in contact with an index 
consisting of a shor^- >-od of iron or steel placed 
outside the rnercurv. The wliolc tube is hori- 
zontal, and die hi-iex is pushed along when the 
temperature and in left behind when tlic 

mercury rccede,> as tii«> Ininpemture falls. The mini- 
mum ^hc tmt-ter contains alcohol, and an index is 
placed t he liquid. The tension of the surface 

of d'e ‘ohol causes sulficient force to be exerted on 
t' tCMiraw it back the temperature falls; 

ah emp(;iature ihses, the alcohol flows past the 
hi..! i lo lon^ subject n> pres- are 
tee. Thuh . indc. dns in the 
*' upicil at Ibe lou- .-irperature 
w'gistered . l’ '.vas set. The 

indexes mts be '‘’VMV.hf '.'onr'* t VMtl. the .sur- 

lace it tliC iiqi4id by T'd‘ c ‘"c: mbe, or may 
moved by a ^lJ;;gpe^ Oft b*j' is uj apparatus are 

also ust-d ; in in ' teb icth indexes 

re‘*l on the ujiper surfHCf id a hrend. of mercury in a 
\eiv,i(.c*li U-uibc, one end of which terminates in 
ahull oonfiiining alcohol, w'hich acts as the thermo- 
meter substance. In Negbetti & Zambra’s 
Thermometer, which is a maximum thermometer 
only, there is a c<mstriction in the bore through 
whicli the thread of mercury readily^ passes as the 
toinpcKituro ri.ses ; as t-he temperature fall.s again, 
the thread is interrupted at the constriction; the 
part below recodes into the bulb, but the part above 
remains in the ] position it occupied at the highest 
tempeniture, wliicli - is therefore easily read. This 
form of thermometer can be used in any position, 
and is therefore very suitable for use as a (’LlNiCAh 
Thebmometeb for medical use. 

Maxltnum Density of Wator iPhys.) Water 
attains its maximum density at 4"' See Water 
and Hope’s Experiment. 

M.D. The right hand : the letters standing 

for the Italian- Man IHritfa and the French Main 
Proite. The equivalent in English is K.H. 

Me (Mtmc). The third note of the scale in the 
Movaine Doh or 'J’onic Sol Fah System. 

Mean. (1) Any quantity whose value i.s inter- 
mediate between two others. (2) An Avejbaok C^.v.) 


Mean Free Path (Phyg,) The me& or 
distance which the molecules of a gas travel witlheit^ 
coming into collision with other molecnles, . J' 

Mean Noon The time at which thdr 

Astronomical Mean Sun (q.r.) crosses the meridian. 

Mean Pressure (Png.) The average pressure inl£ 
cylinder during the stroke. See Indioatob Dia** 
GRAMS, etc. 

Mean Solar Day (Aetron.) The interval between 
two successive mean noons (g.v.) This is the leg^ 
day observed in civil life, and its divisions give ns 
the ordinary time of day. The latter differs from 
the Apparent Solar Time, which is shown on a sun- 
dial, by a small amount, termed the Equation of 
Time. The amount of this correction varies at dif- 
ferent times of the year. In March, June, Septem- 
ber, and December its value is zero ; in February 
and August it has its maximum value, and ten 
minutes must be added to the Apparent Solar Time, 
or time by the sundial, to get the mean or legal 
time; in May and November the sundial time is 
in advance of the clock, and ten minutes must be 
subtracted from the former to obtain the Mean 
Solar Time. 

Mean Sun, Astponomical. An imaginary point 
moving with uniform velocity round the Equator, and 
coinciding with the D\namh;al Mean Sun (q.v.) at 
the points of intersection of the ecliptic and 
equator. 

, Dj^amical (Astron.) An imaginary point 

moving with uniform velocity round the ecliptic^ 
and always coinciding with the sun at perigee. 

MeaBure (Mime). A bar ; that which is contained ^ 
between two bar lines. Measure is the grouping of 
accent and non-accent, the bar line always preceding 
the strongest accent. See Time. 

MeaBurement. Measurement in general consists of 
the comt>arison of one magnitude witii another, the 
latter constituting a standard of mea<»urement. There 
are thivc fundamental standards, on which practically 
all meavsureinents, however complex, ultimately de- 
pend — namely, the stnndard.s of Mas.s, Space, and 
Time. See Standards op Mass, Space, and Timb^ 
and Weights AND Measures. Measurements of mass 
aremtule by means of a Balance, tiiCALEs, Steelyard, 
Spring Bal/^nce, etc. (q.v.) Mecusuremenls of length 
are commonly made by means of a graduated Bod, 
Staff, Rule, Scale, Chain, etc. (q.v.) ; more accu- 
rate measurements by means of Calipers, Screw 
Gauge, Measuring* Machine, Reading Micro- 
scope, etc*,. (qA\) Measurements of area are usually 
made by taking linear measurements and calculating 
the area by mensuration; measurements of volume 
may be made in the same way, or, iu the case of fluids^ 
by filling a vessel of known volume. Measurements 
of time may be made b)’' comparison with the time of 
the swing of a Pendulum (y the i^eriod of vibra- 
tion of which is known from some previous observa- 
tion. In ordinary measurements of time, in which a 
clock or watch is used, the pendulum (or its equiva- 
lent, the balance wheel) still fiirui>>lica the real unit 
of time, the mecbanism serving for the purpose of 
recording the number of vibrations and also supplying 
the motive power by which tlie vibrations axe main- 
tained. The ultimate measurement of time depends 
entirely upon astronomical observations of the motion 
of celestial bo<iies ; c.g. the transit {q.v.) of stars, the 
determination of noon, etc;. Apart from the natural 
standards thus furnished, there is no definite unit of 
time whatever. 
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ItootvIeiJ* JShe Axubtsb 
mndiw),TAffQmT a^LVA^OllETBB, DVlTAliOHlSrSB, 
VOLTMETtfBS, BBSIST4»0£» WSBATfiTONS BBIBOB, 

Ohm’s Law, ettf, 

of TemperatiiM. Measuiementfi 
€f teppc^ture are made in piactioe the observa- 
tion M certain physical changes produced in a suitable 
substance (termed the Trbrmombtbic Substance) 
by ch^gos of temperature. The chief physical 
properties utilised for thermometric purposes are as 
jollowB : 

1. Volume of a liquid (Common thermometers). 
S. Pressure of a gas -1 *u 4 . n 

& Volmne of a glis . thennometor). 

4. Length of a bar . (Certain pyrometers). 

5. Besistance of a con-1 x- x v 

ductor . . . / thermometer). 

6. Electromotive force . (Thermo-electric couple). 


where lU equals the resistance at Eo the resistanoe 
at (f, and a is the ooeffioiept of increase of resistanise 
with temperature. The coefficient may be fouxMl by 
observing the resistance of the instrument at (P and 
KXP C. To obtain greatmr aoeura^, a Anther c»rreo* 
tion (termed the delta correction **) ntust be intro* 
dneed; this requires the use of a second constantt 
whose value may be found by measuting the xesisto 
anoe of the wire at a third known temperature. For 


1. Volume of a liquid (Common thermometers). 

5. Pressure of a gas -1 *u x n 

& Volmne of a glis . thennometor). 

4. Length of a bar . (Certain pyrometers). 

H d. Besistance of a con-) x v 

dnetor . . . / thermometer). 

6 . Electromotive force . (Thermo-electric couple). 

(1) The common Thebhometeb consists of a 
Capillary tube terminating in a bulb. A quantity 
of liquid mercury or alcohol) is placed in the 
tubl^ sufficient to fill it when heated to a temperature 
slightly above the highest temperature to be observed 
by means of the instrument; tlie tube is sealed at the 
top while at this temperature. The Fi XED Points are 
then found and marked on the tube. These are the 
levels at which the liquid siand.s in the capillary tube 
at certain standard temperatures; in ordinary cases 
the freezing point and the boiling point of pure i 
water. The scale may now be constructed by | 
dividing the distance between the marks on the tube ! 
into a convenient number of jiarts or Leg bees. St'C | 
CBNTiaBADE, FAHRENHEIT, and KBAUMUB SCAf.ES. i 
The Weight Thermometer also dej>fnds ux>on the j 
variation in the volume of a liquid. If a bulb be | 
completely filled by a weight Uo of some suitable I 
liquid at (f 0., and ut the weight which fills it at a ! 
temperature then the value of t is given by the ! 
equation | 


(2 and 3) The Gas Thermometer depends upon the 
changes in pressure of a gas at constant volume, due 
to changes of temperature, or (less frequently) upon 
its changes of volume at constant pressure. Thus let 
Po and Vo be the pressure and volume at 0° C., 1\ and 
values at t®, and a the coefficient of increase 
of pressure at constant v(jlnme (or increase of volume 
at constant pressure) ; then 

Ft « Po (1 + at) 

Vt » Yo (1 4- at) 

Tfius if a be known and P (or V) be observed at O'* 
and at t®, the value of t may l;>e readily found. The 
gas thermometer has a very wide range of tempera- 
tures, over wliich its readings are reliable. (4) A 
Ptbometeb is a form of thermometer especially 
adapted to the measurement of very high tempera- 
tures. The early forms depended ujwn the measure- 
ment of the expansion of a bar of metal, porcelain, 
fireclay, etc. The indications of these instruments 
were very uncertain, and tliey are now replaced by the 
Elbctbigal Rekistance Thbrmombteb or Plati- 
num Thermometer. (5) This depends upon the 
increase in the resistance of a platinum wire as the 
temperature rises. The rate of increase of resistance 
is very nearly a constant, and may be expressed to a 
first approximation by the equation 
Rt « Ro (1 + at), 


this purpose the boiling point of sulphur (444*63^ C. 
at the normal atmospheric pressure of TfiOmtllimetres) 
is used as a standard. The platinum thermometer 
affords the best scientific metl^od of measudng tem- 
perature ; not only has it a very extensive range, but 
it is capable of detecting very minute changes ; s.y. 
TvtWs A degree Centigrade — a sensitiveness far 
beyond any liquid or gaseous thermometer. (C) A 
thermo-electric junction affords a very convenient, 
though less accurate, method of measuring temjpei^ 
tures. A “ couple ” consisting of two pieces of dis- 
similar metals in the form of wire twisted together 
is connected in series with a suitable galxTinometer. 
The deflection of the galvanometer will depend upon 
the E.M.F. at the junction, and the scale may l)e 
graduated to read directly in degrees within a wide 
range. The thermo-electric couple has been much 
used in exiierimcntal work in metallurgy, and is now 
l>eing applied to many practical purix>Hes in the same 
science. (7) The remaining method only gives an 
approxin^ite measiireinent. A solid of known specific 
heat (qs.) is heated up to the temt>erature which it 
is de>ired to measure {e.g. by placing it in a furnace), 
and, when hot, is dropped into a vessel of water or 
other liquid of known specific heat. From the rise 
in tem][)eraturc of this liquid the heat given out by 
Die solid can be found, and hence its temperature at 
Ihe instant when it was introduced into thc^Hquid. 
A correction must be made for the amount of liquid 
which was turned into vapour by the hot solid at the 
time of first entering I be liquid. 

Measures. JSee \\ eights and Measures. 

Measuring Machine (-£'%.) An appliance re- 
sembling in principle a large Screw GAUGE (^.v.), 
introdaced by Whitworth for the accurate com- 
parison of small standards of length by means of 
end lueasurement. 

Meat (AhiRff). As an article of diet meat fur- 
nishes proteul, fat, ami salts. As a rule ** white 
meat,” such as fowl and rabbit, contains less nitro- 
gen, and is more tender and digestible than “red 
meat,” such ?is beef, mutton, and game. The muscles 
of this latter clas.s of meat should be firm and 
elastic to the touch ; moist, but not wet ; of a deep 
red colour except in the case of veal and pork ; and 
marbled with fat. The fat should be firm and 
whitish yellow in colour, and flee from bloodstains 
The marrow of Die bones should ,be light red. Jf 
putrefaction has begun the meat is pale and soft ; 
a knife or skewer thrust in and rapidly withdrawn 
will smell offensively. See FooDa 
Mechanical Air Pumps. See AiB Pumps, 
Mechanical Characteristic (Uleef, JSng,) A curve 
showing the ratio of ToitQUE and SPEED ($*.«.} in 
an electric motor. 

Mechanical Cut Out {Meet Sng.) Any arrange- 
ment for breaking a circuit which is not worked 
electncally. 

Mechanical Deposits ( Giml.') This term includes 
various forms of sedimentary rocks, such as sand- 
stones, breccias, conglomemtes, bonld^ clays, etc., in 





oontoradiiitiiictioa to Hmestones, coi^ seams, oil shales, 
etc., and rocks of emptive Origin. 

MediMkal Bnijineeffiiig* A comprehensive term 
for the science ana art of designing, casting^J^rg- 
ing, machining, fitting and erecting machineS^etal 
stmctnres, etc;. 

Meehanieal ' Equivalent of Heat. See Joule’s 
Equivalent. 

Meeha aical Ojpevationi. Operations carried out 
by a machine, either entirely automatic or partly 
worked or controlled by hand. 

Meohaaieal Wood {Paper Manvfac,) A term 
applied to wood pulp prepared by the mechanical 
process. See Wood Pulp. 

Meohanios. Tlic science dealing with forces and 
their effects upon matter. 

Heahanism. A term often used synonymously 
with Maohine {q^v.) ; the arrangement and relation 
of the parts of a machine. Scientifically it is applied 
to an ideal or theoretical combination of moving 
parts haying the kinematical properties of a 
machine or of some portion or “ element ” thereof. 

COOH 

/C— C.OH 

Meoonic Add {nienu\ 

COOll 

/2 : 6-dicarboxy-3- \ 

^hydroxy- 7 -p} ronc/‘ 

A white crystalline solid (hciiles or prisms) which 
contains 3 molecules water (if crystallisation; soluble 
in water, more so in alcohol ; gives a red colour with 
ferric (Shloride ; boiled with water it gives comenic 
acid ; heated alone, it yields first comenic acid, then 
pyromeconic acid — 


COOll 

C C.OH 

>CO 


/CH C.OH 


HC Cll 
Comenic Acid. 


K C ^^C.OH /CI1=:.^ C.OH 
>CO 0( >CO 

HC Cll \CH CH 

Comenic Acid. l^ronieoonic Acid. 

It occurs united with the alkaloids in opium, and is 
extracted from the latter by treatment with warm 
water, neutralisation with chalk, concentration of the 
solution, and addition of calcium chloride, when 
calcium mecouate crystallises out ; from the salt tbq 
acid is obtained by boiling with hydrochloric acid 
and allowing to crystallise. 

CH 


Meoonin {Chem.\ 


White crystals (prisms); melts at 99®; soluble in 
alcohol ; occurs in opium ; it is obtained when 
narootine is reduced by zinc and sulphuric acid ; also 
when opianic acid is reduced by sodium amalgam. 
Opianlc acid has the formula 
CH 

CH.O.C^^C.COOH 
0H,0.<3 J.CHO 
OH 


^987 apK. 

KMUanrid. 1& ngiudtotriithlB|ii,iba»^ 
to the neriod between the twehw and 
centuries. Historically speaking, it oowto > 
of about a thousand yean, vis. from the midday of' 
the fifth century to the capture of Oonslasi^aoi^lB 
by the Turks in 1463. ' 

Mediant {Music), The technical name for the 
third degree of the scale, lying midway* between 
tonic and dominant. 

Medicinal Soaps. That class of toilet soaps whiclL 
are specially made for benefiting the skin, or to 
assist in curing certain diseases, such as tar soap, 
turpentine soap, and other special u^tuies used fenr 
eczema, cases of rough skins, etc. 

Medium {Paint,) The liquid vehicle with whidh 
pigments are mixed for painting, e,g, linseed oih 
magilp. 

{Paper Manufac,) Printing paper measuring 

24 by 19 in. Writing paper measuring 22 by 17j^ in. 

Medlar {Botany). The medlar is tbe fruit of 
Mespflus germanica (order, Resaeere). The five laige 
sepals surmounting the fruit are distinctive of the 
! genus. 

Medulla {Biol.) (1) A term often applied to a 
substance forming the internal portion of an organic 
structure, e.g. the Pith of a plant stem, the pitUike 
substance in the axis of a feather. (2) The Medulla 
Oblon&ata is the binder portion of the brain. 

Meerschaum {Min.) A hydrous silicate of mag* 
nesium, 2MgO . SSiOj . 21 X 20 . Silica 60*8, mag* 
nesia ss 27*1, water 12*1 per cent. Amorphous; 
j white or greyi.sh; can be scratched by the finger 
! nail. It is used principally for tbe making of pipes ; 

' in Algiers as a substitute for.soap ; and as a building 
! stone in Rpain. The best samples are from the 
i Levant and Asia Minor. 

{ Meeting Rails {Joinery). Bails that meet to 
j gether, e,g. the rails of double hung sashes. 

Meg. or Mega. A prefix indicating that the unit, 
etc., is multiplied one million times, e.g, Msoohm, 
one million olims. 

Megalithic (.4 rMtect.) Composed of large stones. 
Sec Phehistoeic Abchitkctuke. 

Megohm {Elect.) One million Ohms (q.v.) 

Megohm Standard {Elect.) A standard coil of 
one megohm resistance. Used in measuring Ipg^ 
resistances, such as those of insulating materials.’' 

Meissen. See under Dresden China. 

Meizoseismic. A term applied to the line or curve 
of maximum disturbance effected by an earthquake. 

Melanite {Mm.) A black variety of Garnet (^.t*.) 

Melanterite {Min.) Hydrous sulphate of iron, 
FeSO^ . THgO. Sulphuric acid « 28*5, water ■= 45, 
ferrous oxide » 26*5 per cent. Monosym metric; ; 
green to white wlicn fresh ; often yellow or brown 
after exposure. Often occurs as a pulverulent 
incrustation. A frequent product of the decon^si- 
tion of I^y rites. In quantity at Goslar in the Harz, 
and in Ohio. See also Cofpebas. 

Melaphyre {Geol.) A term which was formerly 
used to denote a bas^t that has undergone changes 
in compo.sition through the prolong^ actiqn. of 
pen*olatiug waters. 

Melde’s Experiment (S^u/nd). An experiment for 
showing the laws of vibration of strings. One end- 
of a string passes over a pulley, and is attached to a 
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weight ; the Other end is attached to the prong of 
a large tuning fork, by means of which the string is 
set in vibration. 

Mellow {CoArp,) A term applied to timber which 
is thoroughly dry and in good condition for working. 

Mellowing (JLeather Manufar.) Applied to tan 
liquors means ageing and souring of the liquor with 
diminution of astringency. Applied to leather, 
means the softening of hard, harsh leather. This is 
^generally attained by allowing the leather to lie in 
pile to absorb moisture, the pi ocess being assisted 
oy damping and stretching or staking. 

Melody {Music). An orderly succession of different 
single sounds. 

Melting. The fusion of a substance. Distin- 
guished from Smelting (^.r.), which is fusion, 
accompanied by chemical or other changes in the 
substance which is being treated. 

Melting Point {Phys., etc.) The temperature at 
which a sub.stance fuses under ordinary conditions 
of pressure. 

, Effect of Pressure on {Phy.'t.) Substances 

which expand on melting have their melting 
point raised by increa.se of pressure ; those w'hich 
contract on melting {e.g. ice) have their melting 
point lowered by pressiire. 

Melting Pot {Glaus Manvfac.) A crucible used in 
Glass Manufacture {q.v.) 

{Pl/wmh.) An iron pot for melting lead and 

solder. 

Member {ArcMtect.) A moulding; e.g (1) An 
architrave may consist of two or more memlMirs. 
(2) The crowning moulding of a cornice is its upx)er 
member. 


Menthol 


CH, 

OH 


H,0| 


n 


CH, 


H.c's^CHOH 

CH 

I 

CH(CH,)„ 

(Methyl -1 -ijwprop yl-4 -cyololiexanol-S). 

A white crystalline solid smelling of peppermint; 
melts at 42° ; laevorotatory ; very soluble in alcohol 
and in chloroform. On reduction it yields hexaby- 
drocymene; on oxidation it yields menthone 
dehydrating agent.*? convert it into menthene 

CIT, . C . OH(CH,V 

Menthol occurs in oil of peppermint (50 to 65 per 
cent.), from which it is prepared by freezing. Used 
in medicine because it produ(*es local jamesthesia, 

Menthone (Chew,) The ketone oorresponding to 
menthol {q.v.) ; it is a liquid smelling of peppermint 
and having a bitter taster ; boils at 206°. It occurs 
along with mentliol in oil of peppermint, and can be 
separated from this by conversion into menthone 
oxime. It is pTej>ared from menthul by oxidation 
with ptAassium dichromate and sulphuric acid. 

Mentoniere {Arm.) A piece of defensive armour 
which was generally attached to the breastplate, and 
formed a protection for the neck, chin, and the lower 
half of the face. Literally a c'hin piece. 

Mercaptans {Chew.) Alcohols in which the 
oxygen is replaced by sulphur, Tliey are also called 
tliioalcohols or hydr(»ulphides, e.g, m 

t'HjOIl ('H.,sn 

Methyl Alcohol. Mothyl Mercaptan. 


(Eng.t etc.) A single portion of a structure 

or machine. 

Membered {JTer.') Said of the beak and legs of a 
bird when they differ in tincture from tlie body. 

Membrane {Biol.) Tissue in the form of a thin ' 
sheet. 

Menaocanite {Miii.) A variety of Ilmenitk 
(?•»’•) , 

Mending {Cloth Manufao.) 1*he operation of 
repairing broken threads and picks and defective ' 
places in the piece after weaving. It may involve 
the insertion of lengths of thread, the memler having 
carefully to follow the order of interlacing in 
weaving. 

Mending Up Making Up. 

Mending Up Piece (Foundry). A strip of wood 
(o r metal) which is bent to the shape of the edge of 
a mould, and held in place while sand is rammed 
against it to repair a broken edge, in Mending Up 
{q.v.) 

Menhirs {Architect,) Sec Prehistoric Akchi- 
TECTUBE. I 

Menillte {Min.) A variety of Opal from near ' 
Paris ; it occurs in rounded concretionary mas.ses of 
a liv?er colour. 


Ethyl mercaptan, comm only called mercaptan, is 
the most impoitant member of the scries, and it is 
de.scribed as typical of all «»ther m^ircaptans. It is a 
colouiless liquid with peculiar garlic smell, which is 
very i>erM*'tciit ; boils at 2 ' ; soluble in W'ater ; 
the solution drpf>sits crysfals, (’.JI^SIIISIIJ), on 
i.'owling. On oxidatioii with nitric acid it yiehl.s 
et.ljyl .sulphmiic acid. The hvflrogen of tlie liydro- 
snlphhh} group is easily replaceable by rnotal.s 
when mercaptides arc formed ; it was on account 
()f the ease with which ethyl mercaptan unites 
with men uric oxidi* to form mercury mcrcaptide, 
(<’ 2 llyS>^llg, tliat it received the name mercaptan. 
Mercaptan condenses with aldehyde in presence of 
hydrochloric acid to form .a mercaptal ethldone 
mercaptal — 

! Mercaptan is used in the manufacture of snlphohal 

I ('/•’’•) Methyl and ethyl mcrcaptans are decom- 

! po.sition products of albumins. Mercapbin is 
prepared by distilling solutions of potassium hydro- 
sulphide and calcium ethyl sulphate ; it can also be 
prepared by distilling alcohol with phosphorus 
peiitasulphide. Aromatic mcrcaptans can be pre- 
pared by reduction of the sulphonic acid chlorides^ 
e.g. 


Meno {Music). Less ; weno mos8o.^ Less movement ; 
somew hat slower. 

Menuiratioii. The calculation of the areas and 
volumes of figures and solid objects.* 


Mepcepisation. In the year 1844, John Mercer, 
a i^ancjtshiic calico printer, made the discovery that 
when Si cotton fabric is immersed in a cold solution 
of caustic soda or potash, within certain limits of 



uriHU. 


389 


MHB 


concentration, the strength of the fibre and its 
power of attracting colouring matters are con- 
siderably increased. This alteration in properties 
is accompanied by a contraction of the material 
which may even amount to 25 per c&nt. of its area. 
Although Mercer ^tented his discovery in 1850, and 
was offered M0,0W by a French firm for the patent 
rights (an offer which he refused), the process was 
not worked successfully in his day on a commercial 
scale, owing to the contraction of the fabric and the 
cost of working. This treatment with caustic soda 
became known as Mkrcebisikg; but the proc4:es 
remained almost purely theoretical in its interest 
until it was reviv^ nearly fifty years later for the 
production of crimped or vr^pon effects. When 
certain portions of a cotton fabric are printed with, 
or otherwise subjected to, tlie action of caustic soda 
solutions of a certain strength, whilst either parts 
are protected from this action, 1 lie treaterl portions 
become mercerised and contract, which brings aViout 
a crinkling or puckering of tlie untreated areas. 
The operation to which the name “ mercerising ” is 
chiefly applied at the present time flates from 1895. 

In that year the patents of Thomas U I^uevost j 
set forth that if the contrac'tion of cotton fabrics or : 
yarns, due to inercerisation, be prevented by subject- • 
ing the material to a sutficient tension duiing the ; 
operation, the cotton is not only made stronger and i 
capable of being dye<l more deeply with the same I 
quantity of C(ilouring matter, but it also acquires an j 
enhanced lustre, reftenjbling, though not equal to, j 
that of silk. The validity of Tliomas & I’levosCs j 
patents was suecessfvdly contested on the ground 
that the invention had been anticipated in the | 
Engli^h patotil grant (‘d in 1S90 to howE, wdio i 
appears, however, not to have a]»i>reeiaie«l the full 
irniiort a!hd cotouiereial value of the discovery. 'I’his 
mercerising or “ lustrcing ’’ pro(iess is now earrie<l out 
<m a very large scale on cotton yarn and cloth, and 
mercerised cotton has re]»lace(.l silk in certain of its ! 
industrial applications. Various typos of machine \ 
exist for ]3ort'orming the nec(;ssary operation.s, but i 
wlmtcver the }>articular method of working, the ; 
material is treated witli caustic soda by immersion [ 
or by sprinkling while in astretelied <;onditioii, well ' 
washed with watei without relaxing the tension, ; 
and passed through an acid bath tt» complete the ; 
removal of alkali. If desired, a silk-like “scroop" 
is imparted by i>assages through successive baths 
containing 8oa]> solution and dilute a^dd. Only 
certain varieties oi cotton yield a high degree of 
lustre by this ireatnient, viz, the long-stapled 
Egyptian and Sea Island ct)ttons. Caustic soda 
below IS'’ Tw. has no luerceri.sing action ; the best 
results arc obtained with a Ite of 45® to 55° Tw. (S.G. 
1*22 to 1*27) at a temperature not exceeding 70° F. 
The duration of the treatment has little influence. 
The Chemical Change involved in mercerisation is 
tlie formation of a stable cellulose hj^drate, 

appearance of the fibre undergoes 
alteration, the coll walls thicken, the central cavity 
almost disappears, and the fibres become much 
rounder. In Dyeing mercerised cotton the direct 
dyestuffs are chiefly employed, since inordantiog 
operations usually bring about a diminution of the 
lustre; for very bright shades the direct dyes are 
“ topped " with basic colours. The lustre of mercer- 
ised fabrics is frequently increased by means of 
mechanical finishing operations— c.y. the Schreiner 
Finish, which consists of passing tl)e material 
nrnlor a heated roller engraved with a large nuinl»er 
of very fine lines; this breaks up the surface of 'the 


material into innumerable minute refiecting surfaces. 
Other mercerising agents besides caustic soda have 
been suggested ; Mercer himself mentioned snl* 
phuric acid and zinc chloride. Analagous processes 
applicable to wool and $ilk have also ^en Ascribed 
as ** mercerisation," e.g, a treatment with caustic 
alkali at 32° E'., but these have not found any 
extended application. — R. B, 

Mercerised Cotton. See Cellulose and Mbb- 

CBBISATION. 

Merchant Iron. Wrought iron bar, ready tot* 
putting on the market. 

Merchant Marks (^ArchmoL') E'rom earliest times 
it has been found necessary to have some distinguish* 
ing personal mark by which to identify an owner. 
With regard to those who had the right to wear 
coat armour, there was no difficulty; the heralds 
took care tliat only those entitled to have armorial 
bearings used them. With respect to citizens and 
merchants, there arose the custom of identifying 
their goods by what are now termed ** merchant 
marks.” Hence we find the following in the Harleian 
MSS. : Theys be none Armys, but a marke as 

merchaunts use, for euery man may take hym a 
marke; but not armys without a herawde or pur- 
oyuante,” Though alluded to in a slighting manner 
in the foregoing extract, yet these marks were 
protect e<l by the laws of the realm equally as 
jealously as the coats of arms. They occasionally 
appear on monuments, etc., in conjunction with coats 
of arms. The marks originally showed the deep 



religious feeling wdiich underlay all the transactions 
uf everyday lite, and generally consisted of a cross 
or a variant of the same. 

was siuipcd like the Arabic 

numeral 4, in whicli the 

cross may be again noted, TTl 

The w'oolstaplers looked to 

Bt. John Baptist as their H||i| 

utilised his emblems, the jail 

lamb and cross with stream- JL 

crs. The initials of the 

owner were often added, 

and in later times, when the 

cross disappeiiretl, mono- Irswion 15M 

grams and conventional 

forms were used, hich survive at the present time 
under the duhignation of Trademarks. 


Mercury (Astro n,) The planet nearest the sun. 
Distan(‘,e from sun, .‘>5,750,000 miles ; diameter, about 
3,0(K) miles ; periodic lime, 88 days.' 


(Chem.) Hg. Atomic weight, 200*3. A 

silvery white liquid ; molts at — 39° ; boils at 368°. 
It has a vapour density equal to half its atomic 
weight, from which it is concluded that mercury 
has a monatomic molecule. It slowly combines 
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ifStlt oxygen at a temperature near its boiling 
point, forming the ted Oxide in crystalline form; 
with many other elements, it unites even at 
the ordinary temperature — ^{or example, with the 
halogens and sulphur and many metals. Com- 
binations of mercury and other metals are called 
amalgams; some of them appear to be definite 
compounds. The action of acids is as follows : — 
Hydrochloric acid — no action ; hydriodic acid forms 
the iodide which dissolves in the acid ; nitric acid — 
cold and dilute, forms with excess of mercury 
mercurous nitrate, the hot acid in excess forms 
mercuiio nitrate ; sulphuric acid — hot and concen- 
trated, forms mercurous sulphate if tlie metal is in 
excess, mercuric sulphate if the acid is in excess. 
Mercury occurs naturally chiefly as sulphide, which 
is called cinnabar ; to a much smaller extent it occurs 
free. It is obtained from the ore by a simple 
roasting process, HgS + Hg + ; but 

elaborm condensing arrangements arc required to 
recover all the vapour. Commercial mercury or 
mercury which has been much used in the laboratorj* 
is impure ; such mercury is purified 1 )t distilling 
under greatly reduced pressure or by allowing it to 
stand under dilute nitric acid, whou less easily 
oxidised metals than mercury go into solution, 
because such metals tlirow out mercury from solutions j 
of its salts. Mercury is largely used in the con- 
struction of scieati fie apparatus, such astlicrmometers, 
barometers, air pumps, standard cells, etc. ; it is also 
used in m^icine in various forms, e.^. grey powder 
is mercury and chalk ; blue pill is mercury, lard, and 
suet. 

^ (Min.) This element is found native in a dis- 

seminated state in some sliale and in disintegrated 
granite. The chief localities are Alniadcu in Spain, 
and Idria in Austria. When artificially frozen it 
crystallises in the cubic system. The chief ores of 
mercury are Amalgam, Cinnabar, ami Calumel. 
Cinnabar alone is commercially important as an ore. 

Mercury Air Pomp. Ser Air Vvmps. 

Mercury Break (JElect.) A tlovi(;e for making and 
breaking a current by means of a vibrating conductor, 
which is daused to dip into a vessel of mercury. 

Mercury Compounds {Chem.) Mercury forms 
three classes of compounds, namely the mercurous 
compounds, the mercuric compounds, tlie mercury 
ammonium compounds. Mercurovs dtmponvdg : — 
Mbecukoua Oxide, Ilg/), is a black ix>w<ler, easily 
decomposed by light or on heating to mercurj^ and 
mercuric oxide. It is obtained by the action of 
caustic soda or potash in slight excess on a mer- 
curous salt. Merottroits <Jhloride, flg,jCl.„ com- 
monly called Calomel, is a yellowish white 
powder which sublimes without melting or heating. 
The vapour density of orrUnaiy calomel is 118, 
or half that required by the formula HiiX'lg; this 
is due to dissociation into mercuric chloride and 
mercury. When calomel is dried by allowing it 
to remain in a vapour density apparatus con- 
taining phosphorus pentoxide for several day.s, 
its vapour density is nearly normal. Calomeris 
practically insoluble in water (3 parts in 1,000,(KK)); 
it is soluble in boiling hydrochloric acid, but thi.s 
is due to conversion to mercuric chloride. For action 
of caustic soda or potasli see the Oxide. Ammonia 
turns it black, owing to formation of a mixture of 
dtmercuTammonium c)»loride and mercury. It i*- 
obtained (1) by precipitating a solution of merenrouK 
iiitmte with hydrochloric acid in slight excess. 


filtering and well washing the preoiifitate; (^) by 
subliming ah intimate mixture of mercuric chlori^, 
and mercury and thoroughly washing the sublimate. 
Calomel is use^in medicine. MEBCUBOtrs Kxtrate, 
HggCNOjV A white crystalline Solid; the crystals 
contain 211.0 ; soluble in a small quantity of water; 
hydrolysed V much water, forming a basic nitrate. 
The ordinary solution is made 1:^ adding a little 
nitric acid to tiie Water in which it is to be dissolved. 
It is the only common soluble mercttrous Salt. Mer- 
curous Iodide, Hg^l^: Yellow tetragonal tablets; 
sublimes on heating gently ; rapidly heated it de- 
composes, with liberation of mercury. Prepared by 
boiling a solution of mercurous nitrate containing a 
little nitric acid with excess of iodine, and alloWmg 
the clear liquid to crystfillise. The green compound 
obtained by precipitating mercurous nitrate with 
potassium iodide is ])robably not pure, as mercun>us 
iodide is deconi{x)Sod by potassium io<}lde, Hg.lj, + 
2K1 « KgHgl^ 4- Ilg. Mercuric CirmpmtwU 
cuRic Oxide, IlgO. also called Red PRKCiPiriLTB, 
exists in two forms, ycllf»w and red. According to 
Ostwald the dilTercncc is tine to the yellow form 
being more finely divided than the red. According to 
Schoch the two forms arc really distinct, the yellow 
form crystallif^ing in .sqr.arc tablets and the red in 
prisms; also the yellow form ha.s a higher dissocia- 
tion pressure than the red. It is slightly .soluble in 
water; decomix)sed on healing. The ycllotv variety 
is more active chemically than the rcrl ; for example, 
it gives chlorine momixidc with chloriiic, while the 
red does not. Acids yield corre.s ponding mercuric 
salts. The yellow oxide is obtaincrl by adding n 
•solution of (“austic soda or potash to a solution of 
mercuric chloride. Ti e rod oxifle is obtained by 
heating mercuric nitrate alone, or, more economi- 
cally, by heating an intimate rnixiuro of the nitrate 
and mercury. Tloth oxides are used in medicine. 
Mercuric Chloride, TIgCJ.., also called Corrosive 
Sublimate: A white crysbilline solid (noodles). 
Melt- at. 288®; boils at Moderately soluble in 

water, much more soluble in ether and alcohol. Its 
aqucjms solution has about the same electrical con- 
ductivity as water, so that it is only fec-bly ionised. 
This accounts for several peculiarities in its chemical 
behaviour ; for cxamf)io, it is not dccomjjosed by 
concentrated sulj)hvric or nitric acids. It is very 
poisonous. Its solution coagulates alV^umen ; hence 
the u.se of white of egg as an antidote in corrosii'e 
sublimate ix)i soiling, the latter forming an insoluble 
compound with the former. With s.»lution <if caustic 
soda or yjotash it gi\es the yellow oxide; with 
ammonia it gives a wdiite precipitate, NHg/Jfl .Nil, C’l 
See below. 1 1 s s( iliiti( »n d issolves mci curie oxide, form- 
ing various oxychlorides. Hydrochloric acid reaiUly 
dissolves mercuric chl(»ride, forming the compound 
HHgClg. Mcrciuric chloride forms many double salts 
with the alkaline chlorides, e.g. KIIgCL and K«Hg(^l^, 
and similar salts with NiiCl and NTl^CI, "which 
are more sohilile than mercuric chloride in water. 
(NH,)JlglM, . Tl/) is Sal Alkmbroth. Mercuric 
chhiride is prepared liy subliming a mixture of 
common salt and mercuric sulphate, to which a 
lit tle manganese 4 * 0*1 le lias been added, to prevent 
the formation of calomel from any mercurous sul- 
phate wliif‘h may tie pre.sent in the mercuric sulphate. 
It can be obtained by the action of chlorine on 
mercury, and thcreffirc of aqua regia on mercury, 
Aho sec above. It is very largely Used as an anti- 
j .scj)tic and bactericide. Mercubic lODlDE, IlerL: 

I Exists in two forms — ^j’ellow rhombic prisms and reii 
! quadratic prisms, the latter being the stable form at 



onliuary tempetttttttds. Xha transition temperature 
U 126^; that ie, above this temperatnre the ^rellow 
is the more stable formn and below it the red. W3mn 
the vaponr of mercuric iodide is condensed^ or when 
the iodide is formed hj precipitation, the vellow 
form is produced first, and the change from yellow 
to red is accelerated by light ; when the vapour is 
condensed, in ^e presence of crystals of each form, 
then both forms are produced. At the boiling point 
of liquid air the red form becomes orange, and the 
yellow form white. Melts at 2r>a°. Solubility in 
water, 06 parts in 1,000,000 at 18®; much more 
soluble in hot solution of potassium iodide or hot 
concentrated hydrochloric acid, from which it can 
be crystallised; soluble in alcohol. It forms many 
double salts; for example, K^Ugl^. Jt is prepared 
by grinding mercury and iodine together in a mortar 
in presence of a little ah'.ohol. also by pre<’ipitat- 
ing a solution of mercuric chloride with potassium 
iodido. It is used in medicine, Meecitric Nitrate, 
Hg(NOg).2: A white crystalline solid, soluble in 
water, containing a little nitric acid. Forms basic 
salts with water, e.g. Hg(N()g)22Hg(()Il).^. On heat- 
ing it gives the red oxide. It is formed by dissolving 
mercury in hot nitric acid, using small excess of the 
latter, and crystallising by allowing to stand over 
sulphuric acid. Used in medicine. MERCURIC Sul- 
phate, HgSO, : A wliite crystalline solid, soluble 
in water, containing sulphuric acid. Decomposed 
by water, forming basic salts, e.ff. HgSO^^ngCOH)^. 
Obtained by boiling mercury with excess of sulphuric 
acid. Used in preparation of rfrtificial indigo. See 
Indigo. Mercuric Sulphide, HgS: The natural 
sulphide is calhd “cinnabar,” and the artificial 
variety, prepared for use as a pigment, is called “ vei- 
niiliori,” Mercuric sulpiride exists in two forms : a 
black amorphous form and a red crystalline form 
which is more stable than the black form. When 
the black form is sublimed out of air it pjisses into 
the red form ; the same change occurs when the 
black form is allowed to stand in a sedation of an 
alkaline sulphide, the reas<m being that the black 
variety is more soliiblai in such a solution than the 
red variety, so that the solution is always saturated 
with respect to the black and supersaturated writh 
respect to the red form. On heating out of air, 
mercuric sulphide sublimes w'itliout melting; its 
vapour density is below the normal, so that dis- 
sociation occurs. Heated in air it gives mercury and 
sulphur dioxide. Heated w'ith diluted nitric acid it 
forms a white compound, Hg(NOj).,2nglS. This com- 
pound and a similar w'lrite compbuml, HgCl22IlgS, 
are formed when sulphuretted hydrogen is parsed into 
a solution of the nitrate and chloride respectively, in 
amount insufficient for comidete preidpitation : both 
are decomfjosed by excess of tlie gas. Afjvu regia 
converts the sulphide into chloride writh .sejiaration 
of sulphur. The black form is obtained by grin<Uug 
mercury and sulphur together, or by precipitating 
a solution of the chloride with excess of sulphuretted 
hydrogen. The red form is obtained from the black, 
as mentioned above. It is used as a paint. See 
Vermilion. Mercuric Cyanide, Hg(CN)^: A 
white crystalline solid (pri.sms), easily soluble in 
water. The aqueous solution is a non-conductor of 
electricity, and it shows the normal lowering of the 
freezing x>oint ; so the salt is not ionised, and there- 
fore does not give the ordinary tests for mercury or 
for a cyanide. It is decomposed by sulphuretted 
hydrogen, also by hydrochloric acid. On heating, it 
decomposes into mercury and cyanogen, a part of 
the latter polymerising. It combines with mercuric 


oidde to form a baric oyanide, aad 

fomis many double salts, c.y. K^glPK}^, It la 
obtained by boiling Prussian blue wnh. iCeiriBrio 
oxide and water, ' ^ , 

SFe^fFe'^CN).), + 21HgO + 21H,0 - 
18Hg(CN), + 14F©(OH), + 8Hg, 

also by boiling potassium ferrocyanide with mercutio 
sulphate and water, 

2K,Fe(CK)6 + THgSO, * dHgCCN), + 4K^O, + 
Fe,<BO,), + Hg, 

and very conveniently by dissolving yellow mercurio 
oxide in a slight excess of hydrocyanic acid (dilute). 
Mercury combines with many alcohol radicals 
Mebourt Methtl, IlgCCH,),, may be taken as an 
example of these compounds. It is a colourless 
liquid; boils at 95®. Its vapour is very poisonous. 
Insoluble in water, readily soluble in alcohol and 
ether; takes fire on gentle heating in air. With 
iodine it yields mercury methyl iodide, HgOHg^, and 
the same compound is obtained when methyl ic^ide 
and mercury are exposed to sunlight. Mercury 
methyl is obtained by the action of sodium amalgam 
on methyl iodide in presence of ethyl acetate, or 
when mercury methyl iodide is distilled with caustic 
potash. “Sublamin'’ is a compound of ethylene 
diamino with mercuric sulphate, 

{c,H,(Nn,),},{Hgsod,. 

which is used like corrosive sublimate as an anti* 
septic. Mer&tvry Ammonvum. Covipoimdi : — Compounds 
in which divalent meremry replaces the hydrogen 
of the ammonium group, (NH4)'. Dimbkouram- 
MONIUM Oxide, (N'ngj)j,0, is a dark brown explosiveV* 
powder, obtained by the action of liquid ammonia 
on mercuri. oxide. The hydroxide corresponding to 
this oxide, NHg^OH, is a pale brown powder obtained 
by heating it.*? hydrate, NIlg./)II . SHjO, at 8(y* to 85®; 
the hydrate i-* formed as a pale yellow powder when 
mercuric oxide is warmed with dilute ammonia. 
The salts of tlris oxide are formed from it by the 
action of acids. Of these salts the following are 
im})ortant : The Hydrate of Dimercubammonium 
Iodide, NUg.^! . II,0. This is the substance formed 
when Nesslor’s r<?ageut is used to tost for ammonia, 
2HgIj + 3KOn -I- KU3 - NHg.,I. ll.,0 + 3KI +2Uft, 
W’HITB rhECIPITATE (INFUSIBLE), NH,Cl . NHg^Cl : 
A double salt of ammonium chloride and dimercur*. 
ammonium chloride, called infusible because it 
decomposes without molting, when heated, into 
calomel, ammonia, and nitrogen. It is foj*med by 
adding ammonia to a solution of corrosive sublimate. 
It is used in medioine. White Precipitate 
(Fusible) is probably Nng.jCl. 3NH,C1, and is 
formed by boiling the last comj30und with a solution 
of ammonium chloride. — W. H. H. 

Mercury Gauge* An instrument for measuring 
the pressure of a liqiihl or gas by observation of 
the height of a oolnnm of mercury necessary to 
balance the pressure under consideration. This 
device is much used in pliysical measurements ; it 
was at one time u.sed in engineering to measure 
steam pressure ; its chief use in engineering is now 
for testing the graduations of Bourdon and similar 
presstiie gauges. 

Mercury Vapour Lamp, Hewitt’s A long 

vacuum tube containing a quantity of mercury at 
the low^cr end, at which is the negative pole. TOe 
lamp will work with the ordinary voltage of an 
electric supply, but requires a spark from an induc- 
tion coil to start it. The light is very unpleasant in 
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colour, but extremely economical. It is said to 
require from one thi^ to one half of a watt per 
spherical candle power whereas the ordinary 

incandescent electric lamp requires four watts. The 
lamp can be used with any voltage from 100 to 
1000, and with a current up to 100 amperes, either 
direct or alternating. With the latter, however, the 
difiSculties of starting are greater than in the case of 
a direct current ; when started, the current flows in 
one direction only. 

Hericarp (Ifvtany), The term applied to the two 
parts (each containing one seed) of the fruit of the 
UmheUtferepy Zab latcB, and other orders. The caraway 
** seed ” is a mericarp. 

Meridian. (1) Midday or noon; figuratively the 
culmination. (2) One of the innumerable imaginary 
lines or circles on the surface of the earth passing 
through the North and South Poles and through 
other given places, and employed for denoting the 
longitude of places. I'lie First Meridian is that 
from which all others to the eastward or westward 
are counted, usually the meridian of Greenwich. 

A great circle passing through the 

celestial poles, zenith, and nadir {qx,) It is therefore 
at right angles to (he horizon. 

Meridian iGiPcle (^A^tron.') A transit instrument 
fitted with circles b^*^ means of wljich the north 
polar distances or declinations of stars can be 
determined. 

Meridian, Magnetic The vertical plane 

in which are .situate the tw(» points on the horizon 
towards whic.h the magnetic needle pcdnts. 

Meridian Mark {Agtron,) If a transit instrument 
is used for making long series of observations, a 
permanent meridian mark is made to assist in deter- 
mining the azimuth constant. 

Meridian, Terrestrial. A great circle on 

the earth, passing tlirough the terrestrial poles. It 
cro.s.<.es the equator at right angles. 

Merino (^Textile Manufacl) Fine worsted dress 
fabric. 

Merlons (^ATohitect,') Ste Battlement. 

Mermaid This mythi(‘a] being is used as 

a charge or badge in heraldry ; example, thq Berkeley 
brass, 1392. 

* Merohedrlsm (A/%».) A term including both the 
type.s of development of crystal faces known as 
Eehihedrism and Tetabtohedrism (^.r.) 

Meroe (^ArchHect.) T1)C flat space between the 
channels or glyphs of a triglyph. It is also known 
as a Femur, Trigltph 

Mesentery {Zool.) The membrane which .sur- 
rounds and Mip|)orts the intestines of an animal. 

Mesh. The openings in a net, .sieve, or woven 
fabric; also a general term for similar openings in 
other objects. 

(^Laee Manufac.') A mesh of net is one 

complete hole. 

Mesh Ckinnection or Grouping {Elect. Etig.') An 
arrangement of the coils of a three phase motor in 
the form of the Greek letter A. 

C.CH, 

MMltyluie 

C’H 

meMoal trimetbyXbenztne^ A colourless liquid smell- 


ing like benzene; boils at X64*'. Halogens in the 
dark replace the hydrogen of the nucleus; at the 
boiling |oint they enter the side chains. Boiled with 
dilute nitric acid, it is oxidised to mesitylenio and 
uvitic acids : 

CH, CH, 


HgCl^^COOH HOOCl^COOH. 

Concentrated nitric acid yields the mono- and di« 
nitro derivative ; fuming nitric and sulphuric acids 
yield the tri-nitro derivative. Mesitylene occurs in 
coal tar ; it can be prepared by allowing aoetone to 
stand with exce.ss of sulphuric acid and distilling 
the produc't. This method of formation is a proof oi 
its constitution. 

CH. CH, 


HCIl, H.CH 


C 

Hc/\cn 


HjC-co oc-cn, H,o-Cv .e-cH, 

Heirityl Oxide (CH,), . C : CH . CO . CH,. 

A colourless liquid smelling like peppermint, boils 
at 132'^; unites with bromine to form a dibromiile; 
with ammonia to form diat etoxamine, 

CII.CO.CH, ; with hydrazine to form 3:6:5-tri- 
Nja-N 

methyl pyrazoline, (C’n 3 )C<v /Q . CHj, 


Heated with dilute sulphuric acid it yields acetone. 
It is jjrcpared by passing liydrochloric acid gas into 
cold acetone, allowing to stand, washing with caustic 
soda, distilling in .steam, and fractionally distilling 
tlie j>roduct to separate phorone {q.v.') 

Mesolite A hydrous calcium aluminium 

scMlium silicate of compi"*x formula. Triclinic, oc- 
curring in delicate capillary crystals. It i.s one of 
the Zeolites {q.v.') From vapour cavities in vol- 
canic rocks near Kdinburgh, in vSkye. Antrim, etc. 

Mesotartaric Acid ( ('hrm.) See Tartaric Acid. 

Mesozoic {(tcoI.) One of the larger subdivisions 
of the g-Lolugical time scale. It embraces all the 
rocks bekjw the base of the Eocene strata down to 
that of the Trias or Upper New Rod. When the 
fnssils of the Dyas or Lower New Red are better 
undcT.‘«tood the base of the Mesozoic group of rocks 
will include also that sulKlivision of the New Red. The 
name refers to the fact that the forms of life 
represented in the Mesozoic rocks are intermediate 
in character between the Paleozoic times and those 
of the present day, 

Mesto {Afuftic), Sadly. 

Metacentre {IlydroHatics). If a vertical line be 
drawn through the centre of gravity of a floating 
body when at rest, it will pass through the <^ontre 
of gravity of the liquid which is displaced by the 
body. If now the latter be moved from its position 
of equilibrium, the centre of gravity of the displaced 
liquid will no longer be in this line, and a new 
vertical line drawn through it will intersect the 
former line in a point which is termed the Meta* 
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CiiiNTBE. If the metacentre be above the centre of 
gravity of the body, the latter is in stable equili* 
briuzD, while if it be below the centre of gravity the 
body is in unstable equilibrium. 

Meto Oompoands (^Chem,) The prefix **n)eta’* is 
used in three distinct senses in chemical nomen-^ 
clature. (1) There is a series of acids and salts 
distinguislx^ by this prefix. The meta acids may be 
regarded as derived by the union of one molecule of 
the acid oxide with one molecule of water, and 
the meta salts are derived from these acids. 
Examples : Metaboric a<iid, B./)^ + lip = 211150^. 
Metarsenites (acid unknown), A.S 20 j, + K 2 OSS 2 KASO 2 . 
Metaailicic acid, SiOjj + lip = II.,SiOj,. Metaphos- 
phoric aoid, l‘.,Oj + IT.,0 ~ llpPe. Metaper- 
iodates, Ij 07 + l\p = 2K1 o^. (2) There are many 

substances which undcrg(i polymerisation, and the 
prefix meta is applif;d to the polymer of unknown 
molecular weight or whose molecular weight was 
unknown when the name w-as given. Examples : 

Metastonnic acid, 

Metaldchydc, ((.U 1.0)x. [ ' aldcl.yde, 

Meta8tyrol,(C;,H,)x. 

(.3) The prefix is given t<j benzene derivatives when 
the suhstiliients have replaced hydrogen atoms 
whi(;h are next but one to each otlicr. For example 
nee Bkxzknk. 

Metal ( Glms Man ufae.) The name given U> molten 
glass. 

{JUvtnh.) In plumbers’ woik this term 

signifies solder. 

See ;MBTAnLUKOV and Mktals, 

Metal Arches (C/eil /-’«//.) Arc)n*s built up of 
iron or steel girders and lattice work, instead of 
solid stone bloc‘ks. As the iiH’rnbers of such a 
structure can withstand tension a.', well as pressure, 
the structure can he modified to suit a greater 
variety of cinuimslitnoes jtluin stone bridges luin. 

Metaldehyde (Chem.^ iVr Acetaldehyde. 

Metal Furniture (,^'f/jnfff.) Furniture composed of 
an alloy. It gives tnierrcgister and is more ccont)m- 
ical than wooden furniture, and is now used 
exUiisivoly. Set. Fitrnituum (7//7a»y.) 

Metal Leaf (iAr.) A term used f<'»r imitation 
leaf gold consisting of an alloy beaten out and sold 
in the same size sheets as goltl leaf (^.r.) The* term 
is also employed to include silver leaf, aluniiniura 
leaf, nickel leaf, and other leaf metal employed by 
gilders on glass and for decorative jiurposes generally. 

Metallic Circuit (A’/cct. A’«y.) A circuit comjxised 
entirely of metal conductors (e.ff, wires) as distin- 
guished from one in which the return x»ath of the 
current is through the earth. 

Metalliferous Yeins ( Geol.) Clefts or fissures in 
the Earth’s crust which contain one or more of the 
ores of the metals, usually in association witli other 
mineral substances of a non-metalliferous character, 
such as Quartz, Calcite, Barytes, and Fluor. The 
vein fissures are generally c;oinci(lcnt with fault.s or 
linos of fracture, which apt>ear to have formed the 
channels by which thermal or other waters con- 
taining these substances in solution have risen in the 
direction of the surface, and have left these sub- 
stances when their depositing temperatures have been 
reached. The ores are most commonly compounds 
of the metals with Sulphur ; but Arsenic, Antimony, 


or Bismuth may also be present. In rarer cases the 
metals may be combined with Tellurium. Near the 
surface of metalliferous veins carbonates and various 
oxygenated compounds usually occur. See also 
Mining. 

MetalliBatlon (Meet. Eng.) Covering a non- 
conductor with a film or coating of metal in order 
to impart electrical conductivity. Often used in 
electroplating non-metallic objects. 

Metallo^aphy. The examination of prepared 
surfaces of metals under the microscope is of com- 
paratively recent growth, for the first work in this 
direction was done by Dr. Sorby, of Sheffield, about 
1H64. It (dosely resembles tbe microscopic study 
of rocks, and was probably suggested by the exami- 
nation of metallic meteorites in a similar manner, 
liock Kectic^ns are usually thin enough to be examined 
by transmitted light; but metallic sections are 
opaque, and reflected ligiit must be use<i for their 
examination. A small piece of the metallic body is 
.so cut as to form a fair sample of the whole. This 
is ground an<l polished to a flat surface, frcje from 
microscopic scratches. I’hc structure is then brought 
out by immersing the surface in an etching liquid, 
by heating in air, or by a final polishing on a scjft bed. 
The object .of this treatment is to bring about a 
differential attack upon tbe structural constituents of 
the surface, and so render them \isible under the 
! microscope. Many such constituents are so identi- 
fied in iron and steel, and in alloys of copper, tin, 
lead, zinc, antimony, etc. Several constituents of 
steel, in the difftirent slates of the metal brought 
about by heat treatment, combined with sudden and 
.'^low cooling, have been recognised. Tlie principal 
j of these are ferrite, x^earlite, sorbite, and troostite. 

! Tlie different constituents, when viewed under tbe 
' microscope, j^resent very characteristic appearances ; 

; and the sections can be preser\cd for future exami- 
j nation by a tbin coat of tiansj)arcnt varnish, or a 
jdiotomicrogniph can be biken and a X)ermanent 
I lecord thus obtained. The magnifications used are 
I from 25 to 2,(KTC) diameters. By work of this kind 
I the crystalline character of meUd> in their normal 
' state has been dearly brought out, and much in- 
] formation abimt the effects of mechanical stresses, 
I of annealing, and of impurities ux^nn the structure 
' and properties i>f metals has been obtained. The 
i «-imilarity uf (lucnched .steel to a solid solution has 
j been ju’oved, and the assimilation of solitl solutions to 
I liquid solutions indicated. The subject is grtulually 
growing in iiii}H>rtnnce, and among its many workers 
are to be found the names of such men as Martens, 
Osmond, Stead. Boberts- Austen, Charpy, Heycock, 
and Neville. 

Metalloid ( Chtvi.) A name given to a few elements 
which may Vie regarded as sharing tlie jiri'pcirties 
of a metJil and a non-metal. Thus antimony forms 
a giiseous hviiride, Sbll,; two acid oxidt's, Sb^Og and 
Sb.,Oj, and resembles the non-metals in these respects ; 
but it forms a chlori<lc wViicb behaves in mo.st 
resjH>cts like a metallic chloiide, and it forms a 
sul])hate which no non-metal does, yet it forms no 
carbonate, plu»spbate, or nitrate, as mo.st metals do. 
Tellurium is another metalloid. Arsenic is regarded 
by some as a metalloid, but chemically its behaviour 
is entirely non-metallic. 

Metallurgy. Dr. Percy, who did so muob for tbe 
systoinatic study of mkallurgy in this country, 
defined it as “ tlie art of extracting metals from their 
ores, and adai>ting them to the various purposes of 
manufacture.” That the art was practised in very 
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early times is indicated by tlie referetioes to metals 
and their uses in the oldest wiitteii records of the 
world^s history. In fact, the ancient Bgyptians and 
Hebrews were so skilled in the working of metals 
that the craft must have been in existence before 
the dawn of history. Metals are rarely found in the 
metallic state, but are usually combined with oxygen, 
sulphur, carbon, etc. These compounds are always 
mixed with more or less earthy matter, or “ gangue,” 
and together with it form the ores of the metals. 
Gold occurs in the metallic state in its ores. There 
are two main processes used in the smelting, or fire 
treatment, of ores for the extraction of their metals. 
These are roastifig and melting. In the first, the 
material is heated in contact with air to a tempera- 
ture below its fusing point, so that it remains solid 
during the operation. In ihe second, the material 
is melted either by itself or mix^ with other 
materials necessai^^ for the complete opration. 
This work is done in fnrnuccs of various kinds, but 
belonging to two main tjpes : (//) reverl)oratory 
furnaces, in which maicrial to be heated is placed 
on a separate bed ; and (/y) shaft furnaces, in wh.ich 
the fuel for generating the heat is mixed with the \ 
materials to be heat^. In addition to this heut \ 
treatment, some ores have to undergo the mechanical | 
processes of crushing, grinding, and washing for the j 
partial removal of earthy matter. Also some ores | 
cannot be dealt with economically hy the heat , 
method, and their metals are extracted by the use 
of liquid agents ; others, again, are best treated by a . 
combination of the two methods. The extraction of 
iron from its ores was practised among the hill tribes ' 
of India at least three thousand years ago, and the . 
ancient method is still in use there. Iron ore and : 
charcoal are put into a small blast furnace, worked | 
with goatsk n bellows, and several hours are occupied ! 
in producing only as much iron as a man can carry ! 
in one hand. For a very hmg period - little or no ' 
progress in iron smelting w;is ma<Ic; but as the . 
process migrated Weelwai-ds, tlie apparatus increased 
in size, and the output became larger. Tlie next ; 
step was the extraction of the metal as cast iron, and | 
the conversion of this material into wrought iron i 
and steel by a separate process. ThisS was follower! j 
by a considerable increase in the size of the furnaces. | 
In 1806 a blast fumuce in Staffordshire was making | 
pig iron at the rate of 30 tons per week. Then came | 
the introduction of the hot bl&^t still larger i 

furnaces, and a much increased output ; but with the 
modem puddling process to cope with it. At the 
present time the Americans are leading in blast 
furnace practice. Working with a furnace SO ft. 
high and 20 ft. in diametei. an ouqmt of 3,000 tons 
of pig iron per week often obtained. The magni- 
tude of this development will be understood when it 
is stated that about S,0()0 tons of ore, flux, and fuel 
must be tipped into the top of the furnace, and 
16,000 tons of air blown in at the bottom to produce 
this result. The accessory apparatus, such as blow ing 
engines, hot blast stoves, and <-harging gear are large 
in proportion. The introduettion of the Bes-somer 
process <1866) for the conversion of molten pig iron 
into ingot iron and steel by blowing a strong blast of 
air through it caused a revolution in the iion and steel 
industry. The invention of the ba.sic lining for Die 
Bessemer vessel caused a further increase in its use- 
fulness. With this apparatus 10 tons of pig iron 
can be converted into ingot iron or mild steel in 
twenty minutes. But this process has been tegely 
displaced by the introduction of the Siemens open 
beartb, in which large quantities of similar metal 




are now being made. This fumac4, which ^ of the 
reverberatoty type, is worked with gaseous fuel, and 
its temperature is further increased by the use of 
the principle of regeneration also introduoed by 
Siemens. The first fumaoes in general use wm of 
about 10 tons’ capacity, and the development of the 
process is mostly in the direction of larger fumaoes. 
Fixed furnaces of 40 and 50 tons’ oapaoii^ are no# 
common, and tilting fumaoes of the Welhoan tyjte 
of 200 tons’ capacity are coming into use. It is in 
such fumaoes that the Talbot steel making process 
is being put to the test of practical experience. On 
the other hand, the Bertrand-Thiel, or duplex hearth, 
process is carried out in fixed hearths, and is in suc^ 
cessful, though limited, operation. Another develop- 
ment is in the use of the combustible part of the 
waste gas from the blast, furnace, which Is produced 
in enormous quantit ies, for working gas ' engines, 
instead of for raising steam. This has made greater 
headway in Germany than in this country. The 
magnetic separation of finely divided ore, by which 
the iron comi^iound is separated from the earthy 
matti'r, is now' largely practised. Much attention 
has been given of late years to the production Of 
sound ingots. In the latest modification Hamet, of 
tit. Etienne, introdnc.es the pressure at the bottom of 
the mould instead of at the top, and with consider- 
able success. Electrical appliances are coming into 
general use ; and electric smelt ing of iron and steel 
is making some headway wlicre water pow'er is 
cheap. In the metallurgy of copper considerable 
advance has l>een made of late years. The Welsh 
pro<‘ess, which was (‘arried oMi entirely in reverber- 
atory furnaces, was the priindpal melho<i of extrac- 
tion when Sw'ansca was the e.hief copj)cr smelting 
distrh t of the world. Now many modifications have 
bt‘eii introdurfd; the water jacketi'd blast furnace 
for the production of. coarse mattes, and tije Bes- 
semer convertor for fine mattes and coarse copjier, 
are largely used. E\cn the refining of copi)er is 
being carried on electrolytically when gold, silver, or 
iiK'kel is pre^-ent in the crude metal. The furnaces 
for roasting j»yiiti(^ ores anduiattes have been much 
improved, and meehanical fiirnat^es are taking the 
place of hand worked oces. The White-Howell, in 
which rtic finely divif’ed ote is f(*d in at one end of 
a revolving cyliiult-r, through which hot gases and 
air are pa.ssing rnd delivered at the other end, is an 
illustration (jf this change. The wdiining of gold 
from its has been helped by Die introtlnct ion of 
the cyanide method of extraction. This was first 
used in South Africa, but has now found its way to 
America and Australia, It depends ujion the fact 
that a weak solution of potassium cyanide will dis- 
solve finely divided gold, and that gold can be pre- 
cipitated from the solution hy zinc. It is largely 
used in the treatment of slimes which have already 
been through ihe amalgamation proca«8. At the 
Homestake Mine, Dacotah, 1,250 tons are' treated 
daily. The gold reduced from the solution hy the 
zinc is collected in a filler press, and allowed to 
accumulate until a cake about a ton in weight, and 
worth £10,(Xi0, is obtained ; this is then refined by 
cupollaiion. Keventy-fivc i>er cent, of the assay value 
of the slimes is recovered at a cost of 1j». 6rf. per ton 
of slimes. The Indian gold industry has benefited 
by its introduction, and it has solved the difficulty 
of dealing with telluride ores of gold in Western 
Australia. The extraction of other metals lias b'cen 
con.viderably influenced by modem improvements in 
furnace construction and working. This is so in the 
case of zinc, mercury, tin, etc., and the old wet 
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itiethod of hiokiif oztraoikm has disappeared. Hhe 
use of the blast farhaoe i& dealing with complex 
lead ores containing sllTOr has considerabljr reduced 
the piioe of the latter metal. Ancient metalluigy 
was the father of chemlsttj, but modem metallurgy 
owes much to the exact processes of modem 
chemi8tr7.---J. H. S. See alto Miking. 

Xatal Fattens. Patterns made of brass, tin, 
lead, or (more commonly) of iron. See Ikon 
Pattbbn. 

lletal» Road (Civil Eng,) See Eoad Metal. 

Metal Rttle (Typttg.) A general expression for tbe 
rule by means of which plain, dotted, wavy, or oilier 
lines are produced in printing— em rules or dashes, 
thus , . 

Metals. Solid elements, with the single excep- 
tion of mercury, which is a liquid, which (a) form 
basic oxides, (b) form chlorides which are in most 
cases not decom];x)8ed by water, and in the few cases 
in which they are decomposed by water give basic 
chlorides ; (t*)either form no compound with hydrogen 
or, when they do, give a solid compound, while all 
non-metals form at least one hydrogen compound 
which is gaseous. Any typical metal will conform 
to all these requirements ; but in one or two case«4 
the requirements are not completely conformed to, 
as, for instance, in the case of antimony, which forms 
a gaseous hydride, but conforms in other respects : 
antimony may be called a metalloid {q.v.) Ilesides 
the chemical* distinctimis just mentioned, there are 
certain physical properties which distinguish the 
metals as a class from the non-metals as a class ; but 
if these are applied to particular cases they often 
break down. For example, the chmsity of the raetahs 
as a class is higher than that of the non-metals as a 
class ; but the metal lithium has a densitv of 0*6, 
while the non-metal iodine has a density 5*0. 
The phy.sical properties referred to are density, 
malleabiUty, ductility, electrical and thermal con- 
ductivity. As a class the metals possess tbe.se 
properties in a higher degree than the non-metals as 
a class ; but the metals show great differences among 
thc.msolves in these properties. Lithium, the lightest 
metfil, has a density of O-O, while osmium, the heaviest 
metal, hiks a density of 22*5. Pressure increases the 
density up to lU,tKK) atmospheres, and above this up 
to inOjOOf) atmospheres diminishes it— the explana- 
tion of this surprising result being that a metal 
contains solid and liquid molecules the former 
of which aie incompressible, but at excessive pressure 
change to the latter and increase in voluino in doing 
so. In malleability metals differ enormously, gold, 
silver, and copper being the most malleable ; gold, 
silver, and platinum the most ductile ; while bismuth 
is neither malleable nor ductile. In conductivity, 
both electrical and thermal, similar wide differences 
exist; thus, the fonner value for copjwr being 1(K\ 
silver, the best conductor, is 105, and mercury is !•(> ; 
the latter value for silver being KK), coiipor is 73*i), 
and mercury is 1*3. The melting i»oints of the 
metals also Vhry greatly: mercury melts at — 39*4®, 
silver at 96 copper at 1080®, platinum at about 
1780®, chromium ' about 2(KXf, while osmium is 
practically infusible. Many metals arc transparent 
to light in thin Alms : gold leaf transmits green 
light ; mercury, blue light ; silver, blue ligiit. Most 
n^als appear io have monatomic molecules (q,v.) ; 
this has been ascertained by the lowering of the 
freesing points of solutions of the metals in tin. 


Metals (Civil Bhig.) The tails of a talltte, 

(Her ) There are two metals us^ in otekte 

—gold and silver blasoned or and argent. See 
Hbraldky. 

Metal Bpianijig (Eng., etc.) Many cironlar objects 
may be formed out of sheet metal by means of a 
process termed spinning. A flat sheet of metal is 
cut approximately to size, and mount^ on a chuck 
whose cross-section follows the profile of the object | 
to be formed. The chuck is set in rotation in a lathe, 
and a smooth blnnt-ended tool is pressed against the 
metal, which is gradually caused to conform to the 
outline of the mould formed by the chuck. The 
process can be applied to almost any malleable metal, 
and is frequently used in forming circular bowls, 
dishes, etc., of pewter, Britannia metal, copper, 
and brass. 

Metamerism (Chem.) See Isomerism. 

Hetamorphic Rocks (Geol.) Sedimentary or else 
eruptive rucKs which have undergone changes within 
the Earth’s crust, by which their oiiginal character 
has been more or less altered. This may arise 
through the prolonged action of heated waters 
without any accompanying effect of a mechanical 
nature (thermumetamorphism). Of this nature are 
many marbles and quartzite.s, and all kinds of 
hornfels. It may be due to causes of a dynamical 
kind, as in the case of the conversion of sediments 
into Muroovite Schist ; or, lastly, it may arise 8imi>ly 
through the chemical action of subterranean waters 
at a low temperature. 

Hetamorphism {GeoL) A general term used by 
geologists in connection with rocks of any kind that 
have undergone changes since their formation which 
have altered their general aspect. It is usual to 
recognise three types: (l)Tbo changes induced in 
rocks by the prolonged action of heat in tbe presence 
of w'ater. This is distinguished as thermometa- 
morphism. (2) The effects arising from movements 
within the Earth’s crust, especially from those con- 
nected with important changes of level at the 
surf-ace. These are roferced to as dynamic meta- 
morphism. (3) The effects of the prolonged action 
of undergrounil w^aters. 'J'iiC last is known as hydro- 
metamorphisni. 

MetaphoBphates (Oh cm.) 8;\1 ts of metaphosphoric 
acid. S/r Phosphorus Compounds. 

Meteor (Astron.) A small body which becomes 
incandescent in passing into the Eartli’s atmuspliere, 
and is burnt up before it reaches the Earth’s surface. 
There are numerous showers of meteors, the more 
important being those that occur in August and 
November each year. 

Meteorites (Astron.) Stony or metallic bodies of 
various sizes which fall on the Earth’s surface from 
outer space. In passing tiiroiigh the air they be- 
come fusible, and sometimes burst with a loud 
explosion. They are usually classed, according to 
their comixisition, as: (1) Stony meteorites or 
aerolites, which are closely related to some of the 
ultrabasic eruptive rocks. (^2) Siderites, which con- 
sist largely of alloys of iion and nickel. 

Meteoritic Hypothesis (A.'itron.) An hypothesis 
which suggests that all the heavenly bodies are either 
meteoric swarms, more or less condensed, or tbe final 
products of sucSi condensation. 

Meteorograph (Jfett orol.) An instrument generally 
attached to kittjs for obtaining the combined record 
of the thermometer, barometer, anemometer, add 
relative humidity. 
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Meteopology. Meteorology is the science which 
treats of the condition of the atmosphere surroiind- 
ing our earth and the causes which give rise to the 
manifold variations of temi:)erature, etc. The sub- 
ject may be divided into Wbatheb and Climate. 
Weather may be regarded as one phase in the 
succession of phenomena whose complete cycle, 
recurring with more or less uniformity every year 
(see below\ constitutes the climate of any place. 
Olimatb is, therefore, the sum total of the weather, 
and gives us an idea of the average conditions of 
the atmosphere on different parts of the earth’s 
surface. The earth with its surrounding envelope 
of air being a satellite of the sun, a body relatively 
very hot and of immense size, it is onl\ natural that 
this central orb should be the all-dominating factor 
in terrestrial atmospheric changes and movements. 
This envelope is heated indirectly by the solar rays, 
the earth being warmed first and then parting with 
its beat to the air in contact with it. A circulation 
is thus set up, the warm air rising, and its place 
being filled up by the inflow of cooler air. This 
ascent of warm air reduces the atmospheric pres- 
sure at the localit}' in which it occurs, and thus a 
cychmic region is initiated. JiOw pressures therefore 
are associated with ascending air currents. Siiiee 
the air in these ascending currents cools as it reaches 
higher regions of the atmosphere, it must, necessarily 
descend again to the earth. Regions wiiere these 
descents occur are localities of high pressure (anti- 
cyclonic areas). 'J'he earth being unequallj' heated 
by the solar rays, the equatorial regions receiving 
more heat than tJie poles, there is a tendency for an 
interchange of air between these locfihties. What 
is the exact manner of this interchaniic is a ques- 
tion as yet under investigation ; but it is shown to 
be incorrect to .say that “polar" and “equatorial" 
currents, a.s usually defined, occur. N evert hele.ss, 
the earth, with the rol<] regions at the poles and 
the highly heated equator, may be considenjd as a 
huge condenser. Two facts which tend to compli- 
cate the atmospheric circulation are : (a) That land 
surface is more easily heated an<l more quickh" 
Cooled than water surface ; and (b) that the distribu- 
tion of land and water is very unequal, the northern 
hemispliere having by far the greatei- jjredominance 
of land. Again, the earth is not a stationary l)ody 
relative to the sun, but moves, revolving r<jund it 
once a year, and at the same time spinning on its 
axis in a pTifxi of a day. The first result of tliis 
latter motion is that the general circulation towards 
and away from the equator does not take place 
in a north or south dire<;tion, but the direction of 
movement is deviated to the right of tlic original 
direction. Agjiin, since only oni;-half of the earth 
can be turned toward.s tlio sun at any one moment, 
the other half being in tlarkness and shielded from 
the heatra>s of tlie sun, an unequal heating of the 
atmosphere as a whole is set up. This results in the 
“ diurnal variations ” of tlie meteorological elements, 
such as pressure, temperature, €itc. These elements 
have also an annual variation, due to the revrdutitjn 
of the earth round the sun. In consequence of the 
inclination of the earth’s axis to the plane of the 
ecliptic— the plane in which the earth moves— 
sometimes the nortliem hemisphere and sometimes 
the southern hemisphere is more exposed to the 
solar rays. This is the cause of the variations known 
as seasonal changes.” In consequence of these two 
periodic movements of the earth, and the resulting 
variations in the intensity and direction of the air 
cizrreRtB, we have changes of Weather. The 


greater the distance from the Equator the more 
complex do these changes become, owing to the inter- 
lacing currents producing rapidly moving cyclonic 
and anticyclonio areas. Now, if the sun gave out 
the same quantity of heat each year, more would 
probably be known about the laws of such changes, 
j Although direct measurements of the quantity of 
I heat radiated do not indicate solar variations of heat, 
! there are periodic changes in solar phenomena, such 
I iLs spots, prominences, and coronal streamers, which 
! show great disturbances in the solar atmosphere, 
j 'I’hese disturbances are periodic, in their nature, so 
I far as can at present be determined, and have periods 
j of about four, eleven, and thirty-five years. There 
I is thus reason to believe that the sun does change 
I its tem{MLTaturi‘, and such variations should have its 
I -effect on iho terrestrial atmo.spheric circulation. 

! Weather, therefore, will be .subject to continual 
j oliauges, and so will the Climate of any region. 

{ That all countries are subject to series of wet and 
‘ dry j^ears, with their attendant disastrous floods 
I and droughts respectively, is a fact well known, and 
I it is the aim of Meteorology to investigate, and 

■ possibly ultimatel}' tiiscover, the laws by which these 
variations are governed. — \V. ,1. S. L. 

I Meter An a})paratns for measuring the 

volume of gas or water supplied to a building, etc. 

(JClrti. Ung.) A device for measuring the 

. amount of energy— usually in Watt lIOHRiS (g.v .) — 
supplied. A meter usually contains meclianism 
, actuated or controlled by the current ; this mechanism 
registers the supply by meaiis of dials. In most 
I cases, as the voltage i.s constant, only tl«e number of 
ampere hours i< recorded, one ampt^rc hour being the 
quantity of elccuic'.ity whitdi is tran.sfcrred by a 
current of one ampere flowing for one hour. There 
are very many type^ of nu'ter ; tlic following may l»c 
taken as exampit;.s. The Arox Meter contains two 
. tniins of clockwork, each governed by a j)endulum. 
One petidulum swings uinler the action of gravity 
only; the other cairies u permanent miignct as a 
bob. Cnderneath this luagnet a solenoid is fixed, 

‘ throiigli \\J:ich tlie current j>a.^scs. An additional 
controlling force is tlierefcre experienced by the 
i second pendulum, wJiieh caii.^es it to swing quicker 
; than the first. The number f»f beats wdiich the second 
; i»eiidulum gains in a given lime depends upon l!ie 
, .strength of the current (other things V>eing equal) ; 
by means of suitable mcebanism this number is 
registered, and the nuinl»er of ampere hours rca<l off on 
, dials. The Kiusox Meter deju*nds ui)on the priri- 
’ ciplc of elcctrolyris (f/.r.i, and registers the quantity 
ot current winch has passe«l by means of the decom- 
po.sition of a soliithm of zinc sulphate with zinc 

■ electrode.s. The lo.ss in weight of the anode should 
; equal the gain in weight of the cathode, and each 
' is proi)ort ional to the total quantity of electricity 
I which has flowed through the electrolytic cell. The 

■ Shallenrer(;eb and Elihu Thompboh Meters 
! are typcis in which the mechanism is rotated by the 
; current at a rat(‘ which is pioportional to tlie 
' current whose strength is to be recorded. The former 
! is adapted for the measurement of altcrnatingcurrents 
; at constant voltage ; the latter can be used on either 

alternating or direct current circuits, and gives the 
I number of watt hours directly, whether the voltage 
j vary or not. 

I Methane (Chrm.) Oil,. Also called Marsh Gas, 

! Light Carburetted Hydrogen, and>, hy coal miners, 

’ Firedamp. A coloiirh\ss, odourless gas; boils at 
i — 15fi% solidifies at — Jt is a light gas, very 
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sparingly soluble in water. It bums in air with a 
feebly luminous flame to carbon dioxide and water, 
OH^ + 2O3 » COj + 2H2O. A mixture of methane with 
twice its yolume of oxygen — the proportions required 
by the above equation— or ten times its volume of 
air, explodes violently when ignited. When slowly 
burned with insufflcient oxygen (two volumes marsh 
gas to ono volume oxygen) it forms formaldehyde, 
carbon monoxide, carbon dioxide, and steam. 

H H H 

I I I +0,= 

H-0-H + 02»H-C*:0 + H,0,H-C-0 

li 

H 

C0, + H-0 I +0„=2C0 + 2H,0 
2H-C=0 ’ 

Chlorine in bright sunlight decomposes it, giving 
carbon and hydrochloric acid. But wlien the action 
is slower substitution occurs, giving methyl chloride, 
CH.Cl; methylene chloride, CH^Cl,; chloroform. CHCl,; 
anci carbon tetrachloride, CCl^. It occurs when vege- 
table matter decomposes in contact with water, so 
that it arises in bubbles from stagnant pools, and it 
is found in coal. Its presence in <?oal mines is 
sometimes the cause of explosions. It also occurs 
in the gases from oil wells. Methane is synthesised 
by passing carbon monoxide or dioxide and hydrogen 
over finely divided nickel at 300“. Ordinarily it is 
prepared by heating a mixture of .'^odium acetate 
CH3 

and soda lime, | + IlONa = ( 'Efi + CO(ONa)«. 

COONa 

Very pure methane is obtained by the action of zinc 
coated with copper on a mixture of methyl iodide 
and methyl alcohol, 

CH,I + OH, OH + Zn = Cn,+ Zn ; 

but the gas so prepared must bt* passed through a i 
tube immers<‘d in a jxiwerful freezing mixture to | 
remove vapour of methyl iodide. j 

Hethoxides {^Chem.) Ci>m pounds derived from j 
methyl alcohol by the replacement of the hydroxyl , 
hydrogen by metals; e.ff. sodium evolves hydrogen 
when it is brought into methyl alcohol, and forms 
sodium inethoxide, + Na = CH.,ONa + H. This • 

is the most imijortant methoxide ; it i» a white i 
crystalline solid, soluble in methyl alcohol, and . 
easily decornp<jsed bv water, CHjONa + II..O — 

C11,()H 4 NaOH. ■ ' 1 

Methoxy ( The name given tt» the gronj) j 
OHgO — . This group has no iudependent exisience, ! 
but thi.s name for the group enters Ifugoly into ] 
chemical nomenclature; e.(i. seveial alkaloids con- | 
tain methoxy grou])s (codeine, sec under Morphink ; | 
quinine, sen under CiNCiiOiMNE). llic methyl i 
group in methoxy compounds is replaced by hydro- j 
gen by the action of hydricslic aci<l. The hydroxy : 
group ( — OH) in a phenol is eouverlod into the | 
methoxy group by the action t'f methyl iodide and ! 
sodium othoxide. tke under MourniNE. 

Methyen Screen. An opa(]ue screen containing 
a narrow slot, jila'.jod in front of a standard gas 
burner; the size of the slot is so adjusted that the 
light transmitted* shall bo equal to that of two 
standard sperm candles, when the gas flame is 3 in. 
high. Its value depends upon the fact that the 
luminosity is proportional to the height of the flame 
rather than the quality of the gas, within very wule 
limits. It is used as a standard light in photometric 
work. 


Methyl {Chm-) The name given to the group 
OH,—. This group has no independent existence, 
but this name for the group enters largely into 
chemical nomenclature ; c.y. is called metbyE 

(ihloride ; CgHjNHCH, is called methyl aniline, 
because it may be regarded as aniline, CyH5NH2, in 
which one atom of hydrogen in the NH, group has 
been replaced by the methyl group. 

Methylal (C7tm.), Pleasant smelling 

liquid ; boils at 42“ ; sf»luV>le in water. Formed by 
oxidation of methyl alcohol with manganese dioxide 
and dilute sulphuric acid. 

Methyl Alcohol (^//m.), CH3OH. (The crude 
alcohol is called wood spirit and wood naphtha.) A 
colourless liquid ; smells like ethyl alcohol ; *boils at 
GG“; soluble in water: hums with blue flame to 
carbon dioxide and watei*. Its chemical reactions 
are like those of ethyl alcohol. With sodium it 
gives sodium methoxide, CH/lXa ; with the chloride 
of phosphorus, methyl chloride, SCHgOH + PCI, 
= 3CH3CI + HjjPOj, ; it forms a crystalline solid with 
calcium chloride, CaCMCHgOH ; on gentle oxidation 
it form.s formaldehyde’ (^.v.); w'it-h acids usually in 
presence of a dehydrating agent it forms esters, 
CH^OII + HCl = rH.,Cl + H,0. Tt occurs com- 
bined with salicylic acid in oil of wintergreen, and 
can be obtained from this by boiling in a flask with 
reflux condenser with caustic soda solution, then 
distilling the product. Only methyl alcohol and 
water distil over 

+ + CH.OH 

Sodium aalicylate. 

On the large scalv it is obtained from the watery 
portion of the distillate from the distillation of 
wooti in eloped vessels. Tliw watery portion is 
called pyroligneous acid. About a tenth is distilled 
over, and the distillate is mixed with slaked lime and 
nidistilled. This removes acetic aud other acids. It 
is now distilled from a little sulphuric acid : this 
removes bases. This distillate is .stood over quick- 
lime aud again distilled — removal of water. This 
product is crude wood spirit ; it <.*oQtain.s acetone and 
other impurities. Calcium chloride is now added 
to form the crystalline coin]ioiind mentioned above, 
wdiich is filtered off and pressed, treated with water, 
and distilled ; methyl alcohol and water pass over. 
'J'he alcohol is dehydrated over quicklime as before. 

Methylamine (CVtm.), Gas, colourless ; 

smells like ammonia and fish at the same time ; boils 
at— G“; extremely soluble in water (1,150 volumes in 
1 Aolumc of water at 12*5“) ; readily burns in air with 
a yellow flame, forming carbon dioxide, water, and 
nitrogen, it. is a powerful base, forming salts with 
acids, just as ammonia does, and its aqueous solutic>ii 
gives precipitates of the hydroxide with solutions of 
metallic salts, also like ainnnuiia does ; but with 
nitrous acid it yields methyl alcohol. 

CH.,XH., -h OX . OH = CH,OH + N, + H..0 
XH; 4 - ox . OH = H,0 + X., + HjjO 

With methyl iodide it forms dimethylamine hydrio- 
dide, then trimethylamine hydriodide, then tetra- 
methylamrnonium iotlide. It unites with ethyl 
oxalate to form diinethyloxamide. See Tki- 
METiiYLAMiNK. It oc(uirs in herring brine, in 
pyroligneous acid Mkthyl ALCOHOL), in the 

plant Dog's Mercury {Mercnrialut perennis). It is 
best obtained from acetamide by dissolving in 
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brconine, Ridding 10 ^ ctant. c»u£?tic potaah so^Dtion 
till yeUov, ai>d distoUing th0^ product uritb ^ per 
cent, caiifitio potaidi. The distillate most be received 
in hyd3:ochlonc acid. Home ammonia comes over with 
the methjlamine. To separate the two hydro- 
chlorides evaporate to dryness on a water batii, and 
treat with absolute alcobolf when methylamine 
hydrochloride aU>ne dissolves ; filter and evaporate ; 
tbe base may be set free caustic soda. Tt is also 
produced by the redaction of hydrocyanic acid with 
zinc and sulphuric acid, by the reduction of nitro- 
methane 'with iron fillings and acetic acid, by distil- 
ling glycoooU (ff.®.) with baryta. 

Methylated Spirit A mixture of 90 per 

cent, law spirit of wine (crude ethyl alcohol) and 10 
per cent, wood spirit (crude methyl alcohol), to 
which some pai'affin oil has been added. This concoc- 
tion can be used for many technical and chemical 
mocesses, instead of pure alcohol, and as it is not 
drinkable it is sold free of duty. It is used as a 
solvent, for burning, and for the manufacture of 
** methylated ” ether and “ methylated ” chloroform. 

Methylates ( Chem . ) Set' M f^thoxides. 

Methyl Chloride, Bromide, a7uf Iodide (Chem,), 
CBjCl, CHjBr, and CH^I. The first two are gases 
which boil at— 24® and 4*6® respectively; the third, 
is a liquid which boils at 43®. In properties, 
reactions, and preparation they resemble tbe corre- 
sponding ethyl compounds. See these. The chloride 
is used in medicine as a local ansestbetic, and the 
iodide is an important reagent in organic chemistry, 
just as ethyl iodide is. 

Methylene (Chem.) The name given to the group 
which has not an independent lexistencc. 


wamples of methylene derivatives axe methylene 
^de,CHAi hexamethylene,CH,<^“»“^^p> 

etc. Methylene iodide is a heavy colourless liquid 
(8;Mciflc gravity, 3*34), obtained by reduction of 
Iodoform with hydriodic acid. 

Methylene Bine ( Cft^m.) Tetramethjlamidophen- 
thiazimium chloride— * 

\c.H,^N :(UH.), 

* Cl 


Dark blue powder, soluble in water and alcohol; 
dyes cotton mordanted with tannin a blue which is 
fast to light. Used in medicine for malaria, etc. ; 
it colours the urine and faece*: blue. It is obtained 
by oxidation of dimethylparaphenylencdiamine in 
presence of sodium thiosulphate and further oxida- 
tion of the product by chromic acid in presence of 
dimethylaniline. On now boiling with a solution 
of zinc chloride the leuco-base is obtained 


/C,H,-N(CH.), 

HN^ ^ S , which on oxidation yields the 

XH3-N(CH3)s 

dye. The commercial dye is the zinc double salt 
2(C„H^K3HC1) . ZnCL. H.p. See Dyes and Dyeing. 

Methyl Orange ( Ciwm.) (AUn etUed Orange 1I1«, 
Belianthine, Tropflsoline D. ) It is the sedi um sal t of 
paradimethyiamidobenzene sulphonic acid (the free 
acid is som^imes called Heliantkine). A yellowisli 
red powder, soluble in water, giving a yellow solu- 
tion when ^uted. With acids the solution turns 


pink ; on nentralisatioD of the solution the yellow 
colour is restpved,’ See IndioaTobu. It is prcqsared 
by the action of dimethyl aniline on the bvdro- 
chloride of diazobenzene sulphonic acid ; on.additicm 
of caustic soda and common salt^ methyl orange 
separates out. 


Methyl Ylolet (Chem.), G 



Is a mixture of the hydrochlorides of penta- and 
hexamethylpararosaniline. See rABABOeANILlKia. 
The above is the formula for the pentamethyl com- 
pound. It forms a lustrous green amorphous powder, 
soluble in water and in alcohol. It dyes silk and 
wool directly, cotton after mordanting with tannin 
arid tartar emetic. It is prepared by oxidation of 
dimethylaniline in presence of phenol by means of 
cupric chloride (common salt and copper sulphate) at 
a temperature not above tiO® ; the solution in water 
is then treated with milk of lime, washed, suspended 
in water, and tbe cop^r precipitated by sulphuretted 
hydrogen. The base is extracted with warm hydro- 
chloric acid, and precipitated by addition of oommon 
salt. See Dyes and Dyeing. 


Metol (Photo.) This — one of the newer substances 
introduced as a developer — is the sulphate of meth}*!- 
para-amidomctacresol, C^HjCH.OHNHCIl,. 80^, It 
keeps well in solution with sodium sulphite, and is 
very energetic as a developer, givii^ negatives full 
of detail and good gradation, ('ombined with hydro- 
quinone it is the favourite developer for the so-called 
gasUglit papers. 

Metonie Cycle (Astron,) A lunar cycle of 235 
synodic mouths employed in finding the relation 
between j^olar and lunar years. Used for determining 
the time of Eiistcr. 


Metopes (Arehitect,) The square panels in the 
frieze oi the Doric entablature separated by tbe tri- 
glyphs. The triglyphs are the constructive part of 
the frieze, the metopes being merely thin slabs eitlier 
carv('d or left plain. In very ancient examples tlie 
.N]»accs between the triglyphs were left open. Se-e 
Entablature; ABCHiTEcruRs, Obdebs OF; and 
Dokic. 


Metoqninone (Phoro.) A compound formed by 
mixing saturated solutions of metol and liydro- 
quincuie in the proportion <jf two parts of metol to 
one of hydroquin rme. Anhydrous soda sulphite is 
then added to saturation, when, after a few seconds, 
an abundant precipitate is obtained in the form of 
brilliant white particles. A formula for developments 
is as follows : 

Metoqninone ... 4 grains. 

Anhytlrous Soda Sulphite . 26 „ 

Water . , , . 1 oz. 

Metre. The metre, which is the legal standard 
of length of the French Republic, was originally 
defined as one ten-millionth of the distance &om 
the i'ole to the Equator. It was thought that a 
natural standard of length could thus be obtained, 
but the difficulty of accurately* comparing tbe metre 
with the chosen distance has proved so great that the 
length of a ceilain bar of platinum at 0® C. is now 
defined as the legal metre. The Earth's quadrant is 
(according to recent measurements) ten million eight 
hundred and eighty (10,000,360) metres. ^ 
also Weights and Measubes. 


Metric System. See Weights and Meabuees. 
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AniiistitimeatforiiieijMinrii^ 
t]|j0 riBlattjiy^ l«Dgtb of botes an4 fear enabling 
fanners to seoeitidn tbe exact speed at whicn cm- 
poseie wish tbelr works to be performed. It consists 
of an osdliatory steel rod (worked by clockwork action) 
SQSpended on a pivot with a fixed weight at the lower 
end, and a smaller and movable weight at the upper 
end, which by being . 
placed nearer to the 
pivot increases the 
oscillati ons per 
minute. Behind the 
pendulum are figures 
to enable the proper 
adjustment of the 
weight to be made 
according to the 
directions on the 
musical composition 
to be timed. These 
directions consist of 
the letters M.M. 

(Maelscd's Metro- 
nome), and a note 
and figures, e.ff, 

I 

M.M.C* =« 72. To 
ascertain this the 
top of the movable 
weight would be set 
at 72, and each o.scib 
lation of the pen- 
dulum would be the MABtaEL’n Metbonome. 

speed of the minims; 

in fact, the numbers show the number of beats per 
minute. Care must always Vie taken to see wViich 

length note is being timed (c.ff.c^=T2 equals 144) 
otherwise ridiculous mistakes will be the result. 
Another metronome (Tinfold’s) oscillates on the 
finger. 

Meuanlna* An intermediate storey, frequently in 
a wing, betw'een two storeys of the main building. 
The French name is Entbbsol. 

Messo (Mtuic). Half. 

MesBO-Relievo Sculpture in which the 

figures project half their true proportions from the 
background. See Alto-IIelibvo, Basso-Relievo, 
Cavo-Believo. and Intaglio. 

]laxsso*Bopraiio* The voice between soprano and 
contralto. 

HeiHRCtiJif* See Engraving (Mezzotint). 

1I.G. (Music). Tlie left hand ; the letters standing 
for the French puiin gauche. See M.B. 

Mho (Meet.) A name (rarely used) for the unit of 
conductivity ; it is equal to the conductivity of a 
conductor whose resistance is 1 olim (q.v.) If the 
resistance of any conductor be r ohms, its conducti- 
vity is mbos. 

Mi (Music). The Sol-Fa syllable for E. 

Mica (ISteet.) Mica is used (1) as an insulating 
material in oases where the latter is required in the 
form of thin plates; (2) as a dielectric material in 
condensers, on account of its high sjiecific inductive 
capacity. See Insulating Materials and Specific 
Inductive Capacity. 

(Mi^.) The name applied to a group of 

hydrous silicates crystallising in the monosyrametric 
system and showing pseudohezagonal forms. All 



I 


I 


have a perfect basal cleavsge, iOie ImtePp 
elestio. Usually transparent in thii^ jepieute. See 
BtOTITE, MusooviTa, sfc. 

IMeweHe (Mleet. Eng/,) A nop-oondnoting snb* 
stance composed of small plates of mica cemented 
together by some non>oondacting cement. It can be 
moulded into a variety of convenient forms. 

Mloa Trap (&eol.) See Trap (Beel.) 

Mierobe (Biol.) A term loosely applied to oeiiain 
minute organisms, especially those constituting the 
germs of diseases. See Bacteria, Bacilli, Micro- 
coccus, Spirillum, Vibrio, 

Micpooline (Min.) An aluminium and potassium 
polysilicate, AljO^.GSiOj. Triclinic. It often 
shows a striping due to multiple twinning, and also 
a cording. Twinning also occurs in a simpler form. 
Usually white to flesh colour; but the variety 
AmazoDstone is green. ,Of wide distribution as a 
rock forming mineral. 

Miorooocene (Biol.) Bacteria having a short 
rounded form ; they are found either isolated from 
each other, or in rows looking like a string of beads. 

Micpoeosmic Salt (fVi^vi.) A common name for 
sodium ammonium phosphate. See Sodium Com- 
pounds. 

Microfarad iEUct.) One millionth part of a 
Farad (qx.) 

Micrometer. A general term for an instrument 
for measuring very small lengtiis. See Micrometer 
Gauge, Micrometer Eyepiece, Screw Gauge, 
etc. 

(Atstrm.) In astronomical measurements 

various forms of micrometers are employed, such as 
tue filar position micrometer, etc. They are used 
for measuring fmall angular distances in space. , 

Micrometer Eyepiece. An eyepiece used to micro- 
scopes, telesc:opes, etc., and furnished with a finely 
divided transparent scalu, which is so plaoed as to 
in focus at the same time as the image of the object 
which is viewed. Tbe apparent size of the object or 
the relative sizes of its parts can be read off directly 
on tbe scale ; the real size (in the case of a micro- 
scope) is foiiml by placing a Stage Micrometer, 
which is another finely divided scale, in the place of 
the objec^t, when the absolute value of the divisions 
of the scale in the eyepiece is at once evident. 

Micrometer Gauge (Bag.) A form of Bobbw 
Gauge (qx.) made with jaws sufficiently wide to 
allow of its use as a caliper for measuring the ex- 
ternal dimensions of objects with groat accuracy. 

Micro, Micr. A prefix denoting that the unit is 
divided by one million, e.g. MICROHM, one millionth 
of an ohm. 

Micron. One millionth part of a metre. 

Microphone (Elect.) An instrument used in the 
transmission of .sound in a telephone circuit. It 
consists essentially of one or more loose contacts 
between conductors (usually pieces of cnxbon) form- 
ing part of the circuit. This loose contact is ex- 
tremely sensitive, a very small vibration producing a 
variation in the resistance at the point of contact. If 
a battery and a telephone be joined in series (q.v.) 
wdth the pieces of carbon forming the loose contact, 
every vibration will cause a variation in the ctirrent, 
and therefore a movement of the diaphragm of the 
telephone and a corresponding sound in the latter. 
The Transmitter of a modern telephone usually 
consists of some form of microphone; it is often 
termed a Carbon Transmitter. 
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Mlcrofoope. The ordinary or Compoukp Micbo- 
oonsists pf certain systems of lenses mounted 
in a tube or body, which is supported by a suitable 
stand provided with various devices for focussing, 
adjustment of the position of the object, concentra- 
tion of light in the field of view, etc. It will be ooit- 
venient to consider separately tim optical and the 
mechanical portions of the instrument. The former 
comprises the Objbctiyb, a combination of lenses, of 
short focal length, placed near the object to be viewed ; 
it forms a real and considerably enlarged image of 
the object. A usual form of objective comprises 
three ** double *’ lenses, each consisting of a double 
convex lens of crown glass cemented to a plano- 
concave lens of flint glass, the plane surface of each 
double lens being turned towards the object. The 
whole system is very carefully correcte<l for chromatic 
and spherical aberration. The equivalent focal length 
of the combination ma}* vary from 3 in. down to 
^ in. ; objectives of more than 1 in. focal length are, 
however, rarely nsed. For the higher powers 
objectives of equivalent focus from ^ in. downwanl) 
the optical properties of the objective may be greatly 
improved by filling the space between the cover glass, 
of the slide and the lowest lens of the objective with 
some clear transparent liquid ; water was originally 
used, but it is now customar}* to employ cedar wood 
oil, which possesses optical properties closely 
approaching those of glass (i.e. it has nearh' the 
same refractive index and dispersive power). An 
objective intended for use in this manner is termed 
an Oil Immebsion Objective. The image formed 
by the objective is viewed by means of an EYBPiECiK, 
which produces a virtual and enlarged image of the 
original (and real) image. The eyepiece usually con- 
sists of two lenses mounted in a short tube; in the 
form generally employed, known as the Huvgbens 
Etepieoe, tho lenses are plano-convex : their fo<‘al 
lengths are in the ratio 3 ; 1, and the distance 
lilt ween them is equal to the diiterence of tlie focal 
lengths. Other forms are also used, e,ff. the Kamsdkk 
Etbpiece (^.v.) a microscope is also fitted with a 
mirror, as shown at B in the figure ; this serxe^ to 
reflect light up tli rough the slide. In most modern 
microscopes a plane and a concave mirror are fitteil 
back to back in the same mount, so that either may 
be used at will. A Oonuenser is another device 
for the concentration of light. It may consist of a 
single convex lens placed on a sejianite stand, and 
arranged to focus a beam of liglit on tlie top of an 
opaque slide, or it may be some form of Sub-Stage 
COKDEXSEB. This is a system of lenses (often pro- 
vided with an adjustable diaphragm) fitted beneath 
the stage, i,e. between the mirror and the slide. In 
the figure the sub-stage o carries the condenser. 
A Petbological Micboscope is a/lapted for the 
examination of minerals by {x>lariscd light. A 
POLABISEB (^.v.) is fitted to the sub-stage, and a 
Nicol Pbism fitted to an eyepiece serves as an 
analyser. See also Polabibation. The mechani- 
cal arrangements of a micro.scope are shown in the 
figure, which is a somewhat diagrammatic representa- 
tion of an instrument of Watson’s Van Heurck model. 
A is the Body, or tube, provided with a female 
screw at b, into which the objective is .screwed ; 
the eyepiece c slides into thf; toj) of the tube. I’lie 
body is supported on the main frame D, and can bv 
moved up and down by means of a COABSE Adjust- 
ment consisting of a rack and pinion, the latter 
being actuated by milled heads E, E. Accurate 
focussing is obtaiiUMl by means of a fine threaded 
screw acting on the bcxly thi-ough a lever and turned 


by a head F. The frame is supported by a strong 
claw foot o, and be tilted and clamped at any 
angle by a locking nut furnished with a handle H. 
K is the Stagb. This can be completely rotated, 
while the upper part l, which carries the slide, 



possesses linear tnivcrsing motion along two direc- 
tions at right angles to each other, given by milled 
heads M and N. 0 is the Sub-Stage, furnished 
with set screws for holding a condenser or polariser; 
it can be rotated in its support, and can also be 
raised or lowered by mean.s of a coarse adjustment 
p and a fine adjustment Q. The illuminating mirror 
is shown at b. When two or more objectives have 
to be nsed in succes.sion, it is convenient to fix 
them to a Nosepiece, a device attached at b. This 
enable.s either objective to be brought into position 
by means of a pivoted arm. 

Microscope, Commercial Uses of. In addition 
to the pureh scientific use made of the microsoojie, 
there is an extensive field for its continual em- 
ployment in commercial circles and in industrial 
manufactures, I'here is scarcely any industry of 
importance in wiiicli the microscope doe.s not play 
a prominent i»aTt. In the raanufiicture of Iron And 
Steel it is constantly resorted to in order to test 
and control the quality of finished goods, such as 
girder.s, boiler jdates, and other steel structures in 
which strength an<l uniformity of material are of the 
utmost importance. Ilcscarches with the microscope 
have .shown that very minute flaw.s in the material 
may lead to seriuu.s tlefeotis in steel structures, and 
steel being now so largely employed in buildings, it 
is evidently of the greatest importance that there 
should be some means of detectiug flaws or defects 
in the metal. The manufacture of Metal Alloys 
also demands a continual reference to the micro- 
scope, as it is possible to measure the value and 
composition of an alloy by its appeamnee under 
the microscope. It also serves to determine very 
largely the physical changes due to the mixture of 
one metal with another, and whether the alloy is 
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liomog;eneott8. It further affords^ meanB of indi- 
cating the natuie of the alloj produced, both as to 
structure and composition. In the Enginbebikg 
IndubTBY the* nuoroRCope finds employment for 
measuring minute difiEerences in dimensions. Thus 
in the construction of instruments in which small 
alterations of length have to be measured with great 
acburacy, the microscope is the only satisfactory 
instrument for determining such differences. For 
example, it may be necessary to determine the actual 
alteration in length of a metal bar produced by an 
increase in temperature. Tiie increase in length 
produced by a rise in temperature is, of course, a 
very small quantity, but the ratio of expansion is 
readily and accurately determined by means of tl^e 
microscope. The sizes of flaws in metal, or of 
minute holes, are all exactly measured in this wa}'. 
In the Tbxttt.e and Allied Tndustbies the micro- 
scope is as oHsential for efficient and economical 
work as any other appliance in the factory. Tims 
in woollen industry the examination of raw materials 
can only be properly carrieci out with the microscope, 
and by its aid it is easy to determine the nature of 
the various wools used. The microscoj)ical appear- 
ance of wools from sheep, goats, and other animals 
are all capable of classification, so that the manu- 
facturer can readily determine the composition of the 
woollen goods which may come under his notice. 
The cultivators oi silk, as well as the manufacturers, 
employ the microscope for ascertaining quality of 
thread, dimensions of the thread, and other factors. 
In the allied industries of llopKMAKiNG, Hat Manu- 
FACTiTKB, Pulp and Papeb Industkies, all of 
which trades depend on vegetable or animal fibres as 
their staple raw material, the microscope is relied 
upon as the instrument for a proper examination of 
not only the raw products, but more particularly the 
finished goods. The muniifacturor is enabled by its 
means to examine the fiiiishe.d goods of his com- 
petitor in order to determine the materials used in 
the manufacture of such articles. In the matter of 
the mw material tlie microscope is not so essential as 
with the finished gotKis, bcc^iuse before treatment the 
raw material has marked physical differences visible 
to the eye. Thus in the case of paper the raw 
materials employ ed may be raps, hemp, jute, wood 
pulp, or esjxirto. In the raw condition these cannot 
be mistaken, but it is afterwards snmewhat difficult 
to say w'hat a given paper is made of by a mere 
inspection of a sample. The microscope is also 
largely employed in Bbbwino and Haking in con- 
trolling the condition of the ferments iiei'essary fur 
the business. By this m(’ans they can be watched 
and used at the right time and to the fullest lulvan- 
tage. The makers and users of Rtahch, Floub, 
Meal, and similar products are also indebted to the 
microsco{)e as a means for determining their nature, 
origin, and commercial value. It is interesting to 
note that the well known “Uovis” flour was tiie 
result of a careful microscopic investigation by Mr. 
Bichard Smith. The examination of Milk, Buttbk, 
and other products of this kind by means of the 
microscope lias thrown a great deal of light upon 
the necessity for absolute cleanliness and up-to-date 
methods in the handling of such perishable goods, 
and this industry can no longer be carried on in 
a haphazard manner; in fa(U, the preparation of 
almost every kind ot foodstuff is controlled by 
means of the microscoiie. The examination ot 
fruits, jams, and tinned goods are only a lew other 
instances. The Chemist and Druggist detei mines 
the purity or otherwise ot his diugs in a similar 


manner. The Medical Officbb of Hbali^ 4nds 
the microsco^ indispensable for the detection of' 
adulteration in samples of food and the many 
hundreds of articles sold for domestic use. 'With- 
out the microscope the purity of water and its 
freedom from bacteriological germs could not be 
ascertained, and the microsco]>e is continually at 
work in this direction. The examination of HEEDS 
for farmers, florists, and fodder growers by meana of 
the microscope is now a process of common and 
daily use. The suitability of Stones as material 
for Building, the Making op Hoads, etc., can 
also be determined by means of the microscope, 
thin sectionh of the various materials being pre- 
pared for examination. In detecting Crime the 
microscope has long played an important part* 
Without it Handwriting Experts would be 
almost helpless, for it enables them to determine 
very minute alterations in writing, differences in 
the nature of the ink employed, and any erasures 
upon the surface of tbe paper. In thi.s way the 
microscope is a valuable adjunct to the art of photo- 
graphy. Finally, the value of the microscope for 
the examination of bloorlstains and the detection of 
crime is now well known to the readers of the daily 
papers. See Metallography. 

Mid or Middle Gear ( Knff.) See Link Motion. 

Midden or Privy System (Hyyiene^, This system^ 
which at one time was largely prevalent in this 
country, but is now mainly C‘)ntined to the northern 
and midland districts, aims at the deodorisation and 
drying of the excreta by admixture with ashes. 
Formerly the receptacles were mere holes in the 
ground, and their contents overflowed or percolated 
into the soil, tnus poisoning the wat er in neighbour- 
ing wells. At the present day middens must be con- 
structed according to certain drjfinite rules. A model 
byelaw of the Local (.Soverument Board pre.scrib€!B 
that a midden or privy shall beat least 6 ft, from any 
dwelling and 40 or 50 ft. from any well ; the 
must be not less than 6 in. above the ground level, 
must be ]xiveil, and have an inclination towards the 
door of ^ ill. to tlie foot. 7'he capacity of tJie recep- 
tacle must not exceed 8 cubic ft., thus necessitating 
a weekly removal ; it must be of irai>ermeable 
material, not communicate with any drain or sewer, 
and have a hinged scat to admit of the application 
of ashes. 

Middle C (^Muxie), That note which stands on the 
middle line of the Great Stave of eleven lines, hence 
its position in the Treble and Bass Staves respectively 
as follows : 

Middle Distance That yxirtion of a picture 

which is represented as lying between the foreground 
and the background. 

Middle Oil iChem.) That part of coal tar which 
distils between 170° and 2110''. From it arc obtained 
the important substances napththalone (fi'.i’.) and 
phenol (#?.r.) 

Middle Rail Eng.) A heavy conductor in 

the form of a rail carried on insulating supports, 
wJiich is laid between the running rails of an electnc 
railway to .supply current to the motors. Often* 
termed the Third' Hail or liivB Rail. 

2G 
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MIddie Rail (i/oiai.) In framing, in a door 
or partition, the raii (s'.e.) above the bottcna xaiL « 

Wddling Spaoei Spaces, used to divide 

words, four to an etn of a p^icular body. 

lUdllBather iPaper Matw/ae,') A partition fixed 
in the ** breaker to promote ‘circulation of the 
pulp. 

Midfaather Trap iBygieney This consists of a 
round (^square box, with an entry tube on one side 
and an Outlet tube at an equal height on the other. 
A partition passes down between into the water, 
whmh stands up to the lower margin of each pipe. 
The trap is not self cleansing, and otherwise fails in 
alLthe essentials of a good trap. 

Vidnlglit Bun (Astron.) When the latitude of a 
plmoe is greater than the polar distance of the sun or 
its oo-deolination, the sun will not set, but will make 
a complete circuit of the heavens. At midnight, 
therefore, the sun will be visible ; hence the “ mid- 
night sun.” 

ttgratitm of the Ions (Meet.) See Ions, 

lIlGBATION OF. 

mi (Sleet. Snff., et/'.) The one-tbousandth part 
of an inch. Used to denote the diameters of wires, 
thickness of transformer plates, etc., instead of the 
numbers in tbe Wibe Gauge since it is more 
convenient in electrical calculations to have tliese 
measurements given at once in inches. 

mid Alkali. Alkali. 

Mild Bteel (Eng.) Steel which contains a low 
percentage of carbon; it resembles wrought iron 
very closel}*, and can be welded. See Steel. 

Mile. See Weights and Measubbs. 

Mlllt (Poods). Consists of casein (albuminoids), 
fat, caxTOhydrates, salts, and whaler, and thus contains 
all the constituents of a standard diet. Cow's milk 
contains more casein and salts and leas carbohydrates 
than human milk, so that in employing it as a food 
for infants it is nece.ssary to dilute it and add milk 
sugar. In the process of digestion the curd (casein 
and fat) of human milk forms a loose, flocculent 
l yuMM, easily assimilated, whilst cow's milk clots in 
masses digested with difficulty. In the artificial 
rearing of infants this is remedied by the ad<iition of 
barley water to the cow’s milk. By Sec. 3 of the 
Bale of Foods and Drugs Act, 1879, an inspector may 
take a sample of milk for analysis which is con- 
signed from one person to another. The sample 
must be taken at tbe jdace of delivery. Vendors of 
milk and cream must exhibit their name and address 
on the vehicle or receptacle from which the milk 
is sold (Sec. 9). Sec. 11 provides that condensed, 
separated, or skimmed milk shall not be; sold, or 
exposed for sale, except in receptacles labelled so 
that the words are plainly visible to the purchaser. 
See aleo Cow’b Milk, Curd of Milk, and Foods. 

1 Humanised (Foods). I'roducod by the 

addition of cream and sugar of milk to sterilised 
cow’s milk, thus supplying the deficiency of fat and 
sugar. 

Milk of Lime ( Chem.) See Calcium Compounds. 

Milk of BttlphUP (Chem.) See SULPHUR. 

miky Pasteurised (F(fods). When raised to a 
temperature of 180® F. milk is said to be Pasteurised. 

— Bterilised (Foods). Milk is sterilised, and 
thus preserved from fermentation and decomposition, 
eby raising it to a temperature of 2VF F. See also 
Btebilibatiok. 


Milk Bugai* See |^actosb.^ ^ 

Milky Vay(Astr0a.) SImt galaxy, 

MilL (1) A general term for a hakory, (S) A 
machine (or set of machines) for gimding a 
substance. 

Millboards (Bind,) The boards which ate at* 
tached to the unbound book by ^lacing in’* (g.e.) 
'When covered with leather, cloth, or othei^substanoo 
they form the covers of the book. Millboards are 
made from various materials, the from old rope ; 
the cheapest from straw, jute waste, etc. 

Milled Head. The head of a screw provided with 
corrugations on its edge to enable it to be turned 
by the fingers ; used on adjusting screws, etc. 

Milled Lead (Plumb.) Sheet lead that has been 
rolled. 

Millerite (Min.) Sulphide of nickel, NiS, Nickel 
ar 64‘9, sulphur » 85*1. Khombohedral, usually in 
extremely fine, hairlike ciystals; hence the name 
Hair Pybites. Brassy yellow when ftiesh. Found 
in several localities in the British Isles sparingly, 
especially in Cornwall and Devon ; also in Bohemia, 
Saxony, and the United States. 

Millet (Batayiy). Various species of millet, 
msetum typhoideum (order, ffrAmineee)^ are important 
food plants in India, Egypt, and West Africa. See 
also Dhubba. 

Mill!-. A prefix to the name of a unit, denoting 
that the unit is divided by one thousand, e.g, MlLLl- 
AMPEBE, one-thou.sandth of an amp6re. 

Millimetre. See Weights and Measubbs. 

Millimetre Pitches (Eng.) Screw tlireads whose 
pitch ih a simple deidmal fraction of the metre. 

Milling (Coins). The grooves or indentations on 
the c<lge of a coin. 

(Eng.) (1) Cutting metal, etc., by means of 

revolving circular cutters, having teeth of various 
shafx^s to suit the work in hand. The cutter is call^ 
a Milling Cutter, and is attached to a rotating 
spindle (which is either horizontal or vertical) driven 
by a machine termed a Milling Machine, provided 
with a traversing table for holding tbe work. This 
table can move vertically as well as horizontally, 
and can also rotate about a vertical axis, so that 
any part of the work can be V^rought under the cutter 
as required. (2) The production of indentations or 
corrugations round the edge of a screw bead, etc. 
See Milled Head. 

( Woollen amd Worsted Manvfae^ See 

Felting. 

Milling Machine (Eng.) See Milling. 

Milling Tool or Wheel (Eng.) A small steel 
wheel with corrugations on its edge which are the 
counterpart of those required to produced on a 
milled licad (q.r.) The steel wheel runs loosely on 
its axle, which is supported by a suitable handle, by 
which it is pressed against the blank as the latter 
revolves in the lathe. 

Millon’e Reagent (Chem.) Mercu^ is treated 
with its own weight of (>3 per cent, nitric aoid first in 
the cold and then with gentle wanning till solution 
occurs : to the solution twice its volume of water is 
added, and it is allowed to stand till the precipitate 
subsides. The clear liquid is Millon’s reagemt. It 
gives a white precipitate with proteids, which turns 
brick red on boiling. Phenol and many of its deriva- 
tives give Millon’s reaction. 
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Mill The duuutol in which wmter is led to 
a mill wheel. ^ 

Mill Kaami {Paper Mamfiut,) Reams of hand 
made paper oonsisting of 472 sheets. 

MIR Rine^ MIR Rind, or Per de MolVse {Her.) 
The iron which is hxod to the centre o£ a millstone. 
Used in conventional forms as a charge. 

Mill RoRi rollers used in the 

manufacture of bar iron. 

Mimas {Aetran,.) The innermost satellite of 
Saturn. 

Mlmateie {^nn.) An arseniate and chloride of 
leail, 3(?bLAh.p3) . PbCL. Hexagonal, occurring in 
yellow or brown crystals resembling Pyromorphite. 
Also called Mimbtihite and (Ikeen T.ead Ore. 
From Cornwall, the C*aldbeck Falls in Cnmberlan<l, 
Staumy, Bohemia, etc. 

Wmetlslte ( jftf/n.) A synonym for Mimetbsb {q.v.) 

MineraL The term mineral as used by com- 
mercial men signifies any native substance which is 
mined or quarried. In this sense freestone, fireclay, 
brick earth, oilsliale, coal scams, and many other 
substances count as minenils. Amongst men of 
science the meaning attachc<l to the word ih much 
more restricted. They understand a Mincral 
K rBClBHto be an inorganic native compound ‘whose 
chemical and physical j)roijerties vary ho little in a 
large numbi*r of examples that these characters can 
be expressed in a short and detinfte dchcription, 
by means of wldch any other specimens of that 
hubstance cun Iw easily identified. 

Mineral Acids (Chem,) A name used to denote 
the commoner inorganic acids. The dronq mineral 
acids aie hy<lrochloiic, nitric, and sulphuric. 

Mineral Chameleon {(liftn.) A name given by 
Schiele to potassium mangunate (»r Manganese 
Compounds) because of the senes of colours it gives 
on treatment with water— green, blue, violet, rose. 

Mineral Dyei. fiee Dyes and Dyeing. 

Mineralogy. The pystematic or scientific study of 
MineRALB (.^.r.) It includes the termination of 
their chemical con.'.titution, their physical charac- 
teristics modes of formation, the measurement, 
description, and classification of their crystalline 
forms, ins cstigation of their modes of occuirence 
and localities, and t heir economic n alucs. The science 
thus possesses many points of contact VNith the 
sciences of Geology, Petroligy, Metallurgy, and 
Mining, and may be consideied to include the sub- 
sidiary science of Crystallogiaphy. See also SYSTr.MS 
OP ('RYBTALfi 

Mineral OUs. Tlie Paraffin class of hydro- 
carbons. See 1*araffinb> 

Mineral Veins (ffeol.) Fissures in the Earth's 
crust which have been tilled witli mineral substances 
of a nature different from that of ^tlie rock in which 
they are enclosed. These substances may be Quartz, 
Oalcite, Dolomite, Barjtes, Fluorspar, or, less fre- 
quently, any one or mure of a few other substances. 
In nearly all cases mineral veins have been filled by 
the agency of water. S^e Metalliferous Veins. ’ 

Mineral Waters {Chem.) See Water. 

Mineral Wax ( ( 'hem .) Ozokerit e (q.v . ) 

Minay’s Rial (Surveying). An inslnimcnt used 
for determining the direction of lines. It consists 
essentially of a magnetic needle pivoted at the centre 


of a horizontal circle graduated into SMF, and pro- 
vided with sights through which to observe stauons 
on the line. 

Minem Maebiae. See Ttfoobapht. 

Mine Tin {Met.) Tin ore extracted from a vein 
by mining instead of being obtained from alluvial * 
deposits, (if. Stream Tin. 

Miniatnre (Paint.) A portrait of very smaR 
dimensions generally executed in waterculootrs on 
ivory, vellum, or similar substance. The term was 
originally applied to the small watercolour drawings 
that adorneil ancieut manuscripts, and which were 
painted with winiuni or red lead. 

Minim (Jfuzic). See Notes. 

Minimum Deviation {Phye.) The smaRest angle 
through which a ray can be bent or deviated from its 
original path when acted on by a refracting system, 
such as a prism, etc. In the case of a prism, the 
minimum deviation occurs whim the path of the 
lefracted lay within tlie pii<m makes the same angle 
with the two side-s of the prism. 

M inimu m, Minima (Math.) See MAXIMA AND 
Minima. 

Minimum Thermometer {Heat). See Maximum 

AND Minimum Thermometers. 

Mining. The term mining includes those processes 
by whioi) the useful and precious minerals are explored, 
extracted, and dressed. It includes* (1) The search 
I for the iJ regular veins or deposits of gold and other 
I metals, and the comparatively regular seams of coal 
or ironstone; (2) the operations by which these 
minerals are “ won ” ; (3) the arrangemente adopted 
foi their utmost itillsation. Two classes of minerals 
aie worked— the metallic and the non-metallic. The 
most important examples of the former class are 
ii on, gold, silver, copper, lead, tin, zinc, manganese, 
and aiscnic ; of the latter, coal, slate, gypsum, chalk, 
liiiieMoue, mica, salt, clays, and precious stones. The 
metallic minerals nsually occiii in locks that have 
undertroue moie or less mctamorpliism or change, 
while the non-metallic aie gi ncrally found in beds or 
stratified deposits. In searching for the former 
minerals, tliert^forc. regions must be chosen where the 
greatest disturbances and upheavals have occurred, 
accompanied by great contoitions of the rocks, 
eiuptioDs of volcanic matter, and the formation of 
faults. Owing to the violent disturbances, the strata 
have bi»en chang'd or metamorphosed and crystal- 
listed by heat. Metallic ore bodies are to be found 
here and in the fissures and other openings in the 
eaith's crust. In most cases the vein-filling of metal 
bearing deposits has been accomplished by water, 
coiihctiuently porous rock formations are more likely 
to contain metallic ores than hard impervious strata. 
Verv' oiten ore deposits are to be found at the junction 
of two different ro(*k formations. Beddt'd minerals, 
such as coal, stratified ironstone, fim'lay, etc., occur 
in distinct layers. A Bed or Sham is a member of 
a series of stratified rocks. As the different non- 
metallic minerals are generally found in certain 
formations, and as they generally occupy one well 
defined position, the scareh for tliem is rendered 
comparatively simple. But all deposits are subject 
to iirogidarities. These may be due to their original 
mcHlv of formation or to subsequent disturb^ces 
forming faults, heavi*s, throws, washouts, etc, {q.v.) 

In determining the position of veins, ore deposits, 
and seams n is generally necessary to make use of all ^ 
the geological data available, to bore trial holes 
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tihrough the various measures, or to drive tunnels or 
levels underground. The mode of occurrence of the 
various minerals greatly influences the method of 
winning them. Metals being found in veins, alluvial 
deposits, fragmental deposits or placers (j'.r.) arc 
worked in a different manner from seams of coal or 
masses of slate. The method adopted in any par- 
ticular case must be the one most suited to that < 
deposit, the object always being to extract as mticdi | 
mineral as possible from a given space at a minimum 
of cost. The vurioUw«i o()erations by which the minerals ! 
are extracted may be thus enumerated: (1) Opening : 
the mine, (2) methods of working, (,S) timbering, (4) 
tools and appliances, (5) haulage, (6) transmission of 
power, (7) machine mining, (8) winding, (9) draining, 
(10) ventilation and lighting. (1) OpeninCt the 
Mike : A mine may be opened either by shafts or 
levels, and the location of t he surface plant and mine 
opening will depend primarily on the nature and 
extent of the deposit, and secondarily on the facili- 
ties for obtaining water and for transporting the 
product to the market. If the shaft or tunnel is to 
be permanent it must be of a predetenuined capa- 
city. This will depend chiefly upon the output : 
required ; and this again will be determined by the | 
thickness and extent of the dcjx)sit and the efficiency i 
of the proposed hoisting and banking arrangements, i 
Shafts are made circular, rectangular, or ellipti<'al, ; 
according to the nature of the strata and the amount ; 
of timber or biicks available. They vary in size from ! 
10 or 12 ft, to 20 or 24 ft. in diameter. Tunnels 
are driven where the mineral is near the outcrop, and ! 
these may be either in a level direction or incliiie<l \ 
up or down, according to the inclination of the ! 
deposit or seam. They are generally rectangular in 
shape, though sometimes they are fonued with i 
straight sides and a semicircular arch above, lined ; 
with timber or brickwork. TIk mode of operation ; 
in sinking a shaft depends upon the character of the ! 
strata passed tbrougli and the quantity of Wcitcr * 
encountered. Ordinarily, sinking may be said to ; 
consist in boring holes for blasting, filling, .scTuling i 
up and banking the debris, and .supjwrting or walling ; 
the sides. The holes are borerl cither by hand drills. I 
hand machine drills, or power drills, the latter having * 
been intn^duced during recent years for this work 
with good result.s. Exjdosives are then u.sed for j 
dislocating the lock, after which the dvhris is filled | 
Into hoppets and sent to the surface. If water is i 
met with in large quantities it is necessary either to • 
spend many hours per day in winding it ( i,e. raising ! 
it by winding gear) or to erect adequate ]>umjung ; 
machinery. Tunnels ami drifts, though druen more ^ 
or less horizontally, are exc4ivated in a similar manner. , 
In sinking or tunnelling througli quicksand or other ' 
water f)earing strata, special methods are ailopted. ; 
(2) Methods op Working : These may >>e divided ! 
into Open WoxtK and Closed Work. The formei ‘ 
includes the working of all deposits having no over- ! 
bearing strata or those in wdiich the overlying • 
material is removed by hand or machinery frtun the j 
deposit. Tims all quarries and fragmental de]X)sits : 
or placers are open w'ork. Tliere are many advantages J 
of such a system of w'orking ; underground roadways I 
have not to be kept ojwn and in good repair ; there i.s , 
less danger from accidents due to falls of ground, j 
blasting, or accumulations of gas; the men work ! 
under healthier conditions and are enabled to stdect 
and extract the ore more easily. Open work may be 
divided into two general classes: («) Whcrcj the 
greater portion of the deposit is valuable and has to 
be removed, (h) where the valuably tK>rtion is only a 


small part of the whole deposit. In the first case, 
as in quarrying and in ordinary mines, the materM 
is removed by hoists, cableways, or tunnels ; ojk 
again, the deposit may be stripped and tunnel^ 
driven through the material from valleys or adjacent 
shafts : 1;his is known as the Milling System. 
riacers nuty be worked by means of a stream of 
w'ater from a nozzle directed against the deposit, 
When the material has been loosened it is directed 
so as to flow^ through sluices to the dressing tables. 
This is known as Hydraulic Mining, Placer 
deposits may also lie worked by mechanical means. 
If a raetal-bcaring dc])osit ^ies below water level, 
the material is raiJ^ed by means of a dredge. CLOSiU> 
Work includes numerous methods of both coal 
and metal mining. In the case of regular bedded 
deposits, siudi as <u)al, fireclay, and ironstone, 
elaborate systems can be adopted which are im- 
possible in irregular deposits interrupted by faults, 
etc. In the ease of a vein the shaft is sunk on the 
cour.se of the lode, and so as to intersect it at a depth 
of .^(X) or fiOO ft. From the shaft, at intervals of 
80, 40, or 50 yards, crosscuts are driven to the lode, 
and from the point of intersect iou levels are driven 
parallel with it. The material is then got out by 
means of Underhand or Overhand Rtoping : 
underhand stoi>es are workings arranged like steps, 
the miner filling the ore from the floor into boxes, 
W'orking gradually down in a series of terraces. In 
overhand st oping the ore is broken down from above 
as the working progresses. Wider lofles ami e('rtain 
Ixsds are w'orked by modifications of these .'^ystems. 
In working coal .seams, Djain roads or levels are 
driven in different directions, and after leaxing a 
.soli<l pilhu of coal to protect the shaft of to 
150 yards in diameter, the workings are opened either 
on the Pillar and Stall or the JjONgwall system. 
In the hornier method the estate to be gotten is 
divided or cut into a scries of separate blocks, 
panels, or pillars by pairs of narrow tramroads, after 
wiiich the pillars are got out one by one, generally 
.starting from the boundaries of the estate; this 
system is calliid .Strait work. Py long wall is 
meant the method of taking out the whole of the 
coal in one long wall .a- face without first driving 
narrow roads, the access to ami frrjm the face being 
by means of roads coiistruc.ted through the waste or 
goaf, and formed of the dirt or shale obtained in 
excavating tlic mineral ; this is known as Wide- 
WORK. In t)>in, tliick, or highly inclined .seams 
mtslifications of one or the other of the.se systems 
art* atiopted. (:i) Ti mbering : llie su])portJng of 
the roadways and working.s of a mine is a very 
important consideration. I’he chief timbers used 
are those calh'd .soft woods, such as fir, pine, and 
larch, wdjose chief cbaraclerislics are straightness, 
regularity, and Hghtne.^'S. For bars and otfier sup- 
ports requiring special strength a few hard woods 
are u.sed, .such as oak and beech. Many arrange- 
ments of ]>rops, bars, sprags, chocks, etc., as tlic 
various mining timbers are called, are adoptefl 
according to the nature of the roof, floor, and 
•sides, and the height of the excavations. In metal- 
liferous mining it is usual to j»>int sets of timber 
together so as to completely support all sides; in 
coal mining the roof cjuly may need support, although 
it is invariably the custom to timber the sides of 
roadways as well as the roof. For some purposes 
brickwork, masonry, and concrete are employed, 
wliilc injii and steel props and bars are now' coming 
into u.se. (4) Tooj*^ AND APPLIANCES: As the 
strata in which the miner works is generally of a 
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j very hard nataTe» it is neoe^saiyr that all his tools 
> shonld be of good quality, and especially those 
^1 b which daily become worn and need continoal 
^^arpening. The most common tools are picks, 
shovels, hammers, wedges, and drills. The ap- 
pliances include apparatus for charging and Hriiig 
shot holes, and instruments for setting and drawing 
props. (5) Haulage : The haulage of the mineral 
from the workings to the shaft is done to a great 
extent by cither men and horses or by machinery and 
ropes and chains. The roads along which the tubs 
or corves are drawn are called Engine Planes or 
Haulage Hoaus. Ropes or chains cannot be em- 
ployed along all underground ways, consequently it 
IS necessary for the miner to haul the coal along the 
&ces and drawing roads. The tubs run on bridge 
or flange rails laid on wooden sleepers, points and 
shunts being fixed where necessary, and pulleys 
arranged overhead, in the case of engine planes, to 
direct the rope. (6) Thansmisstok of I'owbr : For 
the purposes of hauling, coal cutting, and pumping it 
is necessary to transmit power from the surface to 
the workings. Engines or motors driven by steam, 
compressed air, or electricity are used. As steam is 
often a serious danger underground, the two latter 
sources of power are substituted. Tlie former is the 
safest means, and is a common motive }K)wer in the 
chief metalliferous fields and in many coal mines. 
During recent years the extension of electric power 
to mining work has been remarkable, and it is now 
used in many oases for every class of work both' 
above and below ground. (7) ^Iacjiine Miking: 
Machines have superseded liand labour in many 
departments. I’ower machine drills arc used for 
drilling lioles in shafts, tunneds, and at tlic wr>rking 
face; Heading and Shearing machines are used 
to cut the sides of roadways, and various form> of 
mechanical cutters arc? in use f(*r undercutting coal. 
( K ) WlND2N(? : The hoisting of the mineral from the 
workings to the surface is carried on in both ineliiied 
and vertical shafts by means of several appliances, 
the essential parts being a Windinc; En(;ine, 
which actuates a drum carrying a rope, the latter 
being alternately coiled anfl uncoiled from the drum. 
If the shiift is a deep one other appliances are in- 
stalled, by means of which tlu* load may be balancetl 
at all parts of its journey, thus reducing the strain 
on the winding engine. Guides of wood or iron, or 
wire rof)es, are used to keep tl)c cages steady in their 
transit, and safety keps or catches are fixed at top 
and bottom to prevent the cages ac<udentally falling 
down the shaft. (9) Draining : Directly the miner 
gets below the sutface of the ground he is liable to 
be impeded by water, which m;iy constantly increase 
in amount as the sinking or workings get deeper. If 
the quantity of water is not large, it may be got out 
by winding or by means of water levels and drainage 
tunnels. These latter are very useful in hilly dis- 
tricts. When pumps arc use«l, two general systems 
are employed : (^a) the pump may be placed under- 
ground and operated by an engine on the surface, 
power being transmitted by rods ; or (5) botli engine 
and pump may be placed underground, the former 
being driven by steam, compressed air, liydraulie, 
or electric motor. The types usuidly employed are 
Cornish pumps, lift or force pumps, pulsometcus, 
centrifugal pumps. (10) Ventilation and Light- 
ing : The successful ventilation ot a mine may be 
briefly described as keeping Hie atmosphere of the 
mine in as healthy and pure a condition as jiossihlo 
without useless expenditure. To accomplish this is 
one of the most important duties of the mining 


engineer. As the natural ventilation of the mine k 
rarely sufiicient, a current may be produced eithc^' 
by a fumaoe or fan. Both arrangements depend ior 
their success on the estabUshment of a dififeience in 
pressure of the air in the intake and return currents. 
In the former case this is achieved by heat, just as a 
draught is caused in a room by a fire ; in the latter 
case a depression is obtained by means of the fan’s 
action, the air flowing in ail cases from the point of 
greater pressure to tlie point of depression. Under- 
ground the air is conducted by means of air doors, 
screens, air pipes, crossings, stoppings, etc., to the 
utmost limits of the mine, thus supplying fresh air 
to the workman and carrying off the noxious gases 
produced by the firing of shots, the breathing of 
men and horses, or escaping from t)ie strata. Mines 
are lighted by safety lamps, candles, torches, or 
electricity. In fiery mines, saftjty lamps only can be 
used. In safe mines, and during the sinking of shafts 
or tunnels, candles are most common. Electricity 
is used in the neighbourhood of the shaft bottom, 
but so far has been found unsuitable for use in the 
workings. After the ore leaves the mine it must be 
Dressed liefore it is ready for use. For this purpose 
every mine has its own more or less extensive and 
elaborate arrangements for dealing with the raw 
material. It is put through various processes, 
including cruriiing, stamping, screening, sizing, 
classifying, wasliing, and concentrating, after which 
it is loaded into wagons or barges and sent to the 
market. Ore Dressing and Fbbpabation of 
C?OAL : The object of crushing ore or coal is to free 
the valuable constituents from the gangue or other 
worthle.s8 constituents, so that they may be after- 
waj'ds separated, or crushing may be done in order 
to reduce the size of the individual pieces. The 
various types machines for crushing are jaw 
crushers, gvTatory crushers, cracking or disin- 
tegrating rolls, roller mills, stamps, and hammers, 
all of which are designed to reduce the raw material 
to a convfuiient size for the subsequent proc^esses. 
After cnishing, the material passes to the screening 
and sizing machines, where the various sizes are 
sej)aiTite<i from eficli other. Classifiers and Con- 
centrators are machines for tlujroughly separating 
the ore from the gangue or for taking out the dix*t 
from the coal. In both cases the principle employed 
in <loing tlds is the same, viz. making use of the 
varying specific gravities of different minerals. The 
material is washed by water into special JiGS or 
troughs, and while the water is in motion the heavier 
particles fall to the bottom, tlie lighter ones arranging 
themselves in layers according tf> their density. It 
is owing to the introduction of greatly improved 
dressing machines that many deposits of ore and 
seams of coal are now being worked which formerly 
were considered of little value, because of the small 
proportion of valuable products contained in them 
in the one case, or the large quantities of dirt and 
inferior coal intermixed in the other. — J. T. 

Minion {Typog,') Type between brevier and 
emerald in size, Type. 

Minium {('hem.) A common name for red lead. 
See Lead Compounds. 

(ilfi?*.) A compound of lead and oxygen 

now regarded as a lead plumbate, 2T'bO.PbO.^; of 
the .same composition as Red Lead (^.r.) It is a 
rare mineral, occurring as a pulverulent decomposi- 
tion profluct of other lead ores. It has been 
sparingly found at many localities where Galena or 
('erussite occurs. 
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VIiiIyw. a white fur obtained from the Sibedao 
equitreh need on peers' robes. 

mimlkiii ( Tyjpog,) The smellest size of type made. 
Minor Xjesser. Ste Major. 

Minor Axis* The shorter diameter of certain 
figures, of the Ellipse. 

Minore Minor ; used sometimes when a 

piece goes from the major key to that of the tonic 
minor. Cy. Maooiobe. 

Minor Planets (A^troti.) A multitude of small 
planets which revolve round the sun between the 
planets Mars and Jupiter. 

Minor Tone i&mnd.) The ratio of the two notes 
of frequencies 10 and 0, i.e. the interval Y- 

Minotto Cell {EleH,) A modification of the 
Dakirll Cell (.w Cells, Priimary), having a Hat 
copper plate lying at the bottom of a jar, covered 
by a mass of sawdust. The zinc plate rests on the 
latter, and the porous pot is dispensed with. 

Minster. Originally the name for a monastery; 
subsequently the name signified the church attached 
to a monastery, and more recently a cathedral 
church, €.g. York Minster. 

Minute. See Weight.s and Measures. 

See Module. 

Mirabilite (Min.) Native Glauber Salt, hydrous 
sodium sulphate, Na^SOj . Soda — lO'j, sub 

phuric acid ** 24*8, water = .5,^*9 per cent. Mono- 
symmetric ; also as a white ellif>rt‘scence. It loses 
its water on exposure to air and boctimes opaque. 
Prom Kirkby Thore in Westmorland, IJallstadt in 
Austria, Bohemia, etc. 

Mirage (Meteorol.) An apf)earance suggesting 
W3|tCT, seen in hot countries, and due to total internal 
refiection from a layer of hot and rarefied air lying 
next to the heated ground. 

Minbane, Essence of (C^tem.) A common name 
for nitrol^enzcne (q.v.) It is used as a cheap 
flavouring agent in confectionery, etc. ; it has a 
sweet aJmond-like smell : it is poisonous. 

MimroP {Phys,) An object having a polished 
surface of regular form; the principal forms are 
plane, concave, and convex. The latter are commonly 
portions of spheres ; but for certain purposes mirrors 
are made Parabolic in form. e,g. when required for 
use in reflecting tolcscoijes. 

Mirpop Galvanometer {Elect.) See Galvano- 
meters. 

Hlserecorde (Armf). A slender dagger, generally 
three sided, intended to enter the joints of armour to 

f ive the coup de grace to a fallen antagonist. Worn 
y knights and others on the right hip. 

Miserere {Architect.) A hingetl bracket on the 
underside of a stall seat in a church, on w*hich, when 
the seat was turned back, an ecclesiastic could rest 
w^hout actually sitting down. 

Mispielml {Min..) Sulpharsenide of iron, FeAsH. 
Iron « 34*3, arhenic * 46*0, sulpuur * 19*7 iier cent. 
Orthorhombic ; also, and more often. ma.s.sive. Tin- 
white to steel grey; sometimes contains cobalt 
or nickel. In association with other metalliferous 
ores in Cornwall, Devonshire, Cumberland, Saximy, 
Bohemia, the United States, etc. 

Wssal. The name applied to a manuscript or 
pjl^nted book containing the office or prayers of the 


Mass used in the Ecnian Catholic Church. They Are 
often designed after the style of mediaoval 
manuscripts. 

Mist {MeteoroL) Sec Foq. 

Mlitral {Meteorol.) The cold N.W. winds of 
Mediterranean Prance, generally occurring 'in the 
winter. 

Mitep {Carp.., etc.) An alternative upelling of 
Mitre (^.r.) , ^ 

Mills Castings {Eng.) Castings made by fusing 
wrought iron with a trace of aluminium, and |X>uring 
into a mould of special construction. . Objects pro- 
duced this way have practically all the properties of 
forgings, and tho process will probably beoome 
increasingly common. ^ 

Mitre {Cost.) A ceremonial headdress, x>ointed 
and cleft at the top, worn by prelates and sometimes 
by abbots. Originally the mitre was a plain head 
band or bonnet, with two lax>pets at the side. It 



Mitri. or Bnuiop 0£ Dl'hiia.m. Mitre of Bijiiiov, 


assumed the pre.sent form in the fifteenth century. 
The mitre of the lUshop of Durham ristjs froiii 'n 
ducifi 'coronet ; the mitre of a Bishop rises from a 
circlet. 

{Her.) An ecclesiastical cap denoting rank 

and dignity. It is sometimes used as a charge, but 
where it appears as a baflgo of otfi<;e it replaces the 
i;rest ordinarily found above tlie orms, and the hel- 
met is discarded. On tlie arms of iierkcley, fourttienth 
century, this crest is seen with helmet and mantling. 

Mitre Arch {Bvild.) An arch consisting of two 
stones in the form of 'i gable. It is not, strictly 
speaking, an arch. 

Mitre Board or Shoot {Carp., etc.) A board pro- 
vided with a guide or fence set at a suitable angle 
for planing the end of a futice of wood which is to 
form part of a mil re joint. 'J'he mitre board is used 
when the joint has not been cut with sufficient 
accuracy by the use of the saw and mitre box {q.c.) 

Mitre Box {f 'urp.. etc.) A device for guiding a 
tenon saw in or<ler l,o cut off the end of a piece of 
wnod at an angle ^usually 45°) in making a mitre 
joint. 

Mitre Clamp {Carp., f^r.) A device* for holding 
the members of a mitre joint in position while being 
glued uj) or otherwise fastened. 

Mitred Clamp {Carp, and Join.) A piece of wood 
forming a border at right angles to the grain of a 
boaid and mitred at the ends. 

Mitre Joint. A joint between two pieces of 
material which meet at an angle, the two pieces 
being so cut that there is a plane surface of contact 
bisecting the angle. In the commonest cases the 
joint is right angled, and the surface of contact is 
formed by cutting off the end of each piece at an 
angle of 45° 



etc,) See Mitbb Boabd. 

MItM SqiUUPB CCktrp.f etc,) A steel blade set in a 
stock at an angle of 45** for testing the accuracy of 
mitre Joints, 

||||90 Vhaal (•^*) A bevel wheel whose teeth 
are ax an angle of 46** with the axis. 

Mitiilif {Bind,) Finishing or ornamenting the 
TOver pf a book with straight lines which meet each 
other without overrunning. 

Mizilli (Cotton Manufae,) A system of combining 
cotton fibres possessing similar cjharacteristics with 
the abject of (a) reducing the cost of spun thread, 
(b) altering the shade or colour of thread, (c) im- 
proving the spinning and quality of a lower grade of 
' cotton. 

Mixing Chamber {Eng,) The space in gas and 
petrol engines in which the explosive gas is mixed 
with air ; sometimes this occurs in the cylinder 
itself. 

Mixing Jet or Mixed Oaa Jet See Ozthydbogsk 
Flams. 


Mizolydian (Mutie), See Modks. 

Mixture (CheoL) Two, or more, subf^tances, asso- 
ciated together, but not combined. C/, Compound. 

Mixture (Mtmc.) An organ stop which controls 
sevoiul ranks of comparatively small pipes to each 
key. The most frequently found, mixture is that of 
three ranks, consisting generally (though other com- 
binations will soraetimeh be found) of the 17th, 19th, 
and 22nd of the 8 ft. tone. With this combination 
the result, when 



is played with the 
mixture stop only 
drawn, will be 



As the scale ascends, the higlier ranks are discon- 
tinued graflually, an<l ranks ol lower tone substitute. 
This is called a*‘* break.” Any number of ranks from 
three to five may l>e found in the mixture. This 
stop is found under several names, e.g. Nosquialtera, 
Cornet, Furniture, etc., and adds great brightness to 
the full organ. 

(Tewtile Manvfac,) See BLENDING. 

When three or more types are 

used in the composition of a work, it is known by 
the above term, and involves extni charges^. 

yniy- A cc»mmon contraction for Millimetre. 
See Weights and Measures. 

MJI.P. (EleH,) A contraction for MAGNETO- 
MOTIVE Force (q,r.) 

Mooha Btone (Min.) A synonym for Moss 
Agate (q.v,) 

Mock or Wild Lead (Mining). A Cornish term 
for Blende (q.v.) 

Mock Mooni or Paraaelena (Mefeorol.) See 
Halos. 

Mook Buna or Parhelia (Meteorol.) S-e Halos. 

Model (Art), (1) A standard pattern or object 
which is to be reproduced. (2) A copy in miniature 
of an object. (3) A pattern on a small scale of 
something to be reproduced on a larger scale. (4) A 


person from whom an artist studies propoirtionsi 
details, etc*, i,e. oxie who sits or pbs^ to axt artist. 

Modeller (Pot,) An artist or oraftsmsu 
forms in clay or wax the original model from which 
Plaster of Paris moulds ore subsequently made. 

Modellii^ (Sculp.) Constructing with some plastic 
material, ef!g, clay or wax, a model which is to be 
reproduced in a more durable substance, such as 
marble, wood, etc. 

Moderate (M%Ltio), (1) At a moderate pace. 
(2) Moderately, e.g. Allegro moderate, moderately 
cheerful. 

Modern Face (7Vp(i< 7.) A book fount of modem 
character and style. * It differs from Old Face or 
Antique in several respects, e.g, in the type being 
(a) not so round, (ft) the serif being more accentuated, 
(c) the figures ranging both at the top and bottom. 

Modes (Mus-ie,) (1) The ecclesiastical modes 
consist of fourteen scales, arranged in two classes. 
Authentic and IMagal. Of these fourteen, two, xi. 
andxii., are theoretical only, and not practici^ xi. (the 
Authentic) not having a j[>erfect fifth between the first 
and fifth notes and a penect fourth between the fifth 
and eighth notes, and xii. (the Plagal) not having a 
perfect fourth bet ween the first and fourth notes and a 
[)erfect fiftli between the fourth and eighth notes, 
which will be found to be the case in tjie other twelve 
modes according as they are Authentic or Plagal. 
Each Plagal mode is derived from tl>e Authentic, and 
bears the same name with the prefix Hypo-; it also 
has the same Final. I’he Final is the last note of 
the melody or Oanto Fermo. Dr. C. W. Pearce, in 
his Composere' Counterpoint gives the following 
rule for discovering the mode in which am old 
melody is* written : “ If there is no key signature, 
w'e may assume that the melody is untxansposed, 
and tliat the last note is the Final. Next, let us 
examine the range of the melody, and discover 
if the Final is approximately the lowest note u.sed ; 
should this be so, the Mode will be Authentic, 
and its number can be easily ascertained from 
the Final. But if, on the other hand, tlie Final 
ocouides an approximately central position in the 
melodic range, the Mode will bo Plagal. If the 
melody has a key signature, this is a sign that it 
has undergone transposition ; in this case it will be 
necessary to restore the original pitch by bringing 
the melody into a range which requires no key signa- 
ture; then the Final ami its position in the range 
will determine the Mode as l)efore.*’ 

Table of the Modes. 

The Final is shown by a semibreve, and the 
Dominant by a minim. The semitones, of course, 
always fall between E and F, and between B and C. 

Authentic. 

PORlAKf 



Plagal. 

II, Hypo-Dobiam. 
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MOD 


MOD^ 


Fbrygiam, 


IIL 



IV. 






H Y po-Phrtoiab. 

#- 


V. 


m 






xL - T ' I — 


Lydian. 


VI. 


Hyi-oLydiak. 


VIL 


M 1 XO-TjY 1 iIA-\- 


‘'zzrr^rz^srz:;^- 




vm. 


H Y PO-M I XO-L YI>1 A \ 




zzs:. 


- |S?- 


IX. 


-^Ioman 




.^ gs L. 






HYPO-iEoi IAN 




It 


XI. (Not IX Use.) 


Locbkiam. 


— V- 




[Thboeetical Finaj. JB, Dominant G.] 
XII. (Not in Use.) nvT»)-LoriiRiAM. 





^ Jt 

[Theoretical Final H, Dominant E.] 

XIII 


Ionian. 









HVi'O.lOSIAN, 




The late Rev. Thomas Helmore, in his ^Primer 
of Plain Song/’ oalls the 11th and 12th Ixodes xespec- 
tively the Mixo-Lochrian and Hypo-Mizo-Loohrian. 
He also ^ves the following table of the Mode Finals 
and Dominants : 


No. of Mode .. 

1 

2 

8 

4 

5 

6 

7 


9 

10 

Fiaal 

D 

D 

E 

E 

F 

F 

G 

1 

G 

1. 

A 

A 

Dominant 

a 

f 

C 1 

ni 

1 ^ ' 

c 

a 

“I 


e 

c 

j 


The odd numbers are the Authentic, us pointed 
out above, and in each of these it will to seen 
that the Dominant is the fifth note of the mode, and 
in the even numbers (I’lagal) the Dominant is a third 
below Ihe corresponding Authentic, with this excep' 
tion : B is never used for a Dominant, O being sub- 
stituted on every occasion whether A-uthentic or 
riagal. Modes xiiL and xiv. are often spoken of as 
XL and xli., owing to the theoretical modes never 
being used. Tratlition .says tliat St. Ambrose author- 
ised the first four Authentic Tnode.s, and that later 
8t. Gregory the Great added tlic corrtrsponding four 
Plagal in the sixth centur}', the remaining modes 
bc‘ing added later about the end of the eighth or 
beginning of the ninth century under the anspioes 
of the Emperor Ciiarlemagne. The limited compass 
of these modes enables the naisic to be written on 

four line staves with the - (C) and (F) clefs 


moved to different lines according to the range of 
1 the mode, t.ff. 

I I, Dohian. 



J) E F G A BCD 


II. 



BCD 


Hypo. Dorian. 



E F G A 


It will be seen that the modern major scale of C 
is identical with the Ionian Mode (xiii.) (2) The 
manner of arranging the notes of a scale is called a 
Mode ; hence we have the Major Mixle and the Minor 
Mode, acoonling to the arKinging of the semitone in 
the low er tetrachord of the scale {g.v.) 

Modillioii iArcftiUct.) A projecting bracket in 
the form of a scroll used at intervals under the 
corona of the t 
Roman Corin- | 
thian cornice. 

The space be- 
tween the two 
modillions is 
usually equal 
to aVxmt twice 
the width of 
the mfxUlUons. See Ancones ; Console; Abchi- 

TECTUEE, OBDEBS OF; CARTOUCH. 

Modulation (dfus^ic}. The act of passing from 
one key to another. Homo writers call a temporal^ 
m(KlnIalion a “ transition.” 

Modulator (Afustc^. A chart used in teaching 
music by the Tonic Bul-ta Bystem 
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Module. A unit of meajsnrement used in classical 
architecture. It is equal to half the diameter of the 
shaft immediately above the cong6 at the base, or, in 
the case of the Oreek Doric Order, half the diameter 
of the shaft where it rests on the stylobate. The 
thirty divisions into which the module is divided are 
known as PAitTS or Minutes. DifEerent values 
have, however, been given to the module, and it has 
not always been divided into thirty parts. The lower 
diameter 'of the shaft is sometimes taken as a unit ; 
and in ^^is case the module is divided into sixty 
roinutehioi 

Modaloi (Phyi.t A coefficient expressing 

some physical constant of a given material ; e,g, the 
Modulus of Elasticity is the Coefficient of Elasticity. 
S^e Elasticity. 

Modulus of Elasticity. See Elasticity. 

Modulus of Resilience ^Eng.) See JIesiliexce. 

Mohair. A textile material made of tlie hair of 
the Angora goat. 

Mohair Lustre (Textile Manufac.) Dress fabrics, 
plain woven, consisting of cotton Wtnrp and mohair 
weft. 

Moire Antique (Silk Manufav.) A watered efiEcct 
given to tlie surface of plain, ribbed, or corded silk 
fabric by carefully folding the material up the 
centre and then subjecting it to great pressure 
between heated cylinders. 

Molasses. See C’ane 8i?gab. 

Molecular Conductivity ( Chem.) See Solutions. 

{Elect) A constant by which the number 

of gram molecules ig.v.) of an electrolyte in a 
litre of solution must be multiplieil in order to 
give the specific conductivity (y.r.) of the solution. 

c be the number of gnirn molecules, K the 
sj^cilie conductivity, m the molecular conductivity ; 
then K = me. 

Molecular Covolume {('hem.) See Moi.FXTLAR 

Solution Volume. 

Molecular Formula {('hem.) A formula which 
merely stands for one molecule of any substan<*e. 
Thus iljjO is the molecular formula for water. 

Molecular Magnet {Elect.) A uniformly mag- 
netised ^dy may be conceived as being ca])able of 
being broken up into a great number of small magnets, 
each having the sauje intensity of magnetisation. If 
the process of subdivision be carried to its ultimate 
extent, we obtain a series of magnetiserl molecules. 
Theory assumes tliat these molccule.s possess jKjr- 
manent magnetism. When a bar of iron is unmag- 
nctised, the molecules lie with their magnetic axes 
in all directions ; but when magnetisecl, a certain 
number of the molecules turn in such a manner that 
their magnetic axes are parallel, and their north 
poles point in one direction. If only a small number 
of the molecules arc arranged in this manner, the 
bar is feebly magnetised ; but if a great number, then 
the bar is strongly magnetised. When the number 
reaches a maximum, the bar is magnet iseti as strongly 
as possible, or is Satubated. ike Satubation. If 
the magnetising force be withdrawn, some of the 
molecules do not retain their regular arrangement, 
aihd the bar loses some of its magnetism. In the case 
of very soft iron nearly the whole may be lost, while 


in the case of very bard steel nearly the whojie mag* 
netism may be retained. It is to be notioed that 
this theory is independent of any explanation of th^ 
cause of the magnetic properties of the indiviauSd 
molecules. 


Molecular Magnetic Rotation. All liquids when 
placed between the poles of a powerful electro 
magnet have the power of rotating a ray of polarised 
light. The rotations of the substance and of water 
are observed in equal tubes, and the densities of the 
substance and of water are accurately determined. 
The molecular magnetic rotation is then given by 
the formula 

r X M X M' 

“T” * 

where r and r‘ are the observed rotations of the 
substance and water respectively, M and M' their 
molecular weights, and d and d' their densities. 
The constants so determined appear to be of great 
value; hut irregular results are observed with the 
initial members of homologous series, probably owing 
to molecular association. Q^he method of applying 
the constants is best illustrated by examples : (1) 
The members of a homologous series differ in their 
M.M. R. by 1 *02.3 for each CHj. The M.M.R. of pentane 
being 5*638, ‘that of hexane should be 6*661; ob- 
served value, 6*670. (2) To obtain the value for an 
acid of the fatty series, the M.M.R. of one acid is 
found, then the method is as follows : 

M.M.R. of oenantbylic acid, 7*552 

7 X 1*023 = 7*161 


0*391 

0*391 is called the series constant for the fatty acids. 
General fornrda for M.M.R. of fatty acids is : 

=•- 0*391 + 1*023„. 

(3) In a similar way values are deduced for: 


(a) The difference of 

a saturated and an unsatu- 
rated compound 
E.g. Ethyl crotonate, 7*589 1 
Ethyl l)Utyrate, 6*477 f 
{h) Oxygen in alcoholic hydroxyl = 0*194 
{e) „ „ acid hydroxyl =0*137 

(d) „ carbonyl (CO) group = 0*261 


1112. 
J)iff.= 1*112 


(4) The method of applying M.M.R. to constitutional 
questions is illustrated by the following example : 
Observed M.M.R. of ethyl crotonate 

CH, . C:H : CH . COOCfli 7*589 
M.M.R. of oxygen in alcoholic hydroxyl (3,6) 0*194 

Calculated M.M.R. of ethyl hydroxycrotonate 

CH, . COH : CH . COOCjTH* 7*783 

Again : 

Observed M.M.R. of ethyl hydroxybutyrate 

ch,chohch,cooc,H4 

Difference of H, for unsatiiration (3.tf) 


Now the series constant of a compound which be- 
longs to two different classes can be found by taking 
the mean of the series constants for each class. 
This statement is confirmed by experience. So we 
have : 

Scries constant for ester of acetic acid 0*370 

Senes constant for a ketone 0*374 

2)0*745 

0*373 

6 X 1*023 = 6*138 



HOZi 




ilO 


Oalonlated of ethyl aoetoaoetate 

CH,CO.^HjCOOC,H4 « 6-511 
OTiserved M.M.B. of ethyl acetoacetate 

CH^CO . GHaCOOCjH, = e;601 

* -010 
Thos ethyl aoetoaoetate has the formula CH 3 CO . CH^ 
C 00 C,H 5 . and not CH,C .OH : CHCOOCjH^, which is 
ethyl ^ydroxycrotonate. Similarly ethyl ethylace- 
toaoetate has been shown to have the ketone form. 
All the work on this subject has been done by W. H. 
Ferkiu; sen. 


Hblecnlar RefraotiTe Power (^m.) 

cnlar refractive power of a substance is 


The mole- 
«*-.l M 
»■-’ + 2' d* 


when n is the refractive index of the substance, M its 
molecular weight, and d its density. Sodium light is 
used* BrUbl, who has done an enormous amount of 
work on this subject, assigns values for the M.K.P. to 
the various atoms and groups in a similar way to 
Perkin for molecular magnetic rotation. His results 
are often of use in settling questions of constitution. 
The following example will show the application of 
the method : 


M.K.r. 


Calonlated for 

Observed. Keto Form. Enol Pomi. 


Methyl acetoacetate 27*20 27*17 2S*11 

Ethyl acetoacetate 31*99 31*78 32*72 


Thus ethyl acetoacetate has the foimula CH.COCH^ | 
COOCjHj, and not OH, . 0 . OH : CH . COOC,H,. j 

Moleoular Rotatory Power ( Chem,) The rotation | 
(a®) of the plane of polarisation of light by a sub- | 
stance of density d, in a tube I decimetei-s long is i 
observed. The kind of light used is generally the ; 
sodium light — the D line in the sodium speotruiii. j 
Then the specific rotatory power, denoted by [alj, • 

is ' 7 -^. When the substance is a solid it is dissolved j 

(.a, I 

in an inactive solvent : in this case the specific 

. r . ^ , 

potatory power .is [aj^ = ~pTd^ where d is the 

density of the solution, and p is the weight of the 
substance in 100 grains of the solution. The tem- 
perature must be stated, for the value varies with 
the temperature. The molecular mtat ory power is the 
specific rotatory power multiplied by the molecular 
weight and divided by lOi), 

Kolaeular Solution Volume ( Chem.} Oraube (1) 
defines this as follows : 


when Vai is the molecular solution volume, w the 
molecular weight of the dissolved substance, I the 
quantity of the solvent which contains one gram 
molecule of the substance, d the density of the 
solution, and s the den.«ity of the solvent in tfif solv^ 
tion — the change in volume which occurs on solution 
being attributed to the solvent. The constants so 
deduced are supposed to represent the spaces occupied 
by the molecules of compounds and the atoms of 
elements more exactly than the constants deduced 
from the quotients 


Molecn lar W^ht Atomic Weight 

Hi>ecific Gravity Specific Gravity 


On these Traube founds a new system of arranging 
the elements — those of equal solution volumes 
ocenning in the same class. He also shows that 
molecular solution volumes are of u^ in deciding 


when ring formation has oocurred. Thus the celou- 
lated value of Ym for glycocoll on the assuo^T 
tion that it is mt a ring compound, is 55*7 « the 
observed value is 42*5. As ring formation Is assumed 
to cause diminution ot Vai, Tiaube believety^lyoocoU 
to be a ring compound when in solution. When the 
value for the observed molecular solution volume ot 
a compound is compared with that ealcnlated from 
the atomic solution volumes of Its elements, the 
former is seen to be larger than the latter, the 
difference between the two for a series *of alcohols 
at 15® in aqueous solution was found to be fairly con- 
stant, and in the mean » 12*4. This constant is 
called the molecular covolume ; it is supposed to 
represent the space which the molecules have at 
their disposal for motion of translation. This new 
constant is found to exist for homogeneous liquids 
and solids, only for these it has a different value than 
12*4, and a metliod of determining molecular weights 
is founded on it ; but as the values so deduced are not 
always the correct values, the method is not given 
here. For further infbrmation Traube's work 
Ravm der Atome must be consulted. 


Holeculitf Volume (^Chem,') The quotient 
called the molecular volume. It 

S[>ecific Gravity 

should represent the relative volume occupied by 
a molecule of any given compound ; and some regu- 
larity exists between the molecular volumes of related 
substances, but not sufficient regularity to enable any 
safe conclusions to be drawn ns to constitution. For. 
Instance, isomeric comfxmnds should have the same 
molecular volume, and in many cahes they have 
nearly the same molecular volume; but exceptions 
are of such frequent occurrence as to render a 
genunilisation impossible. Tlie failure of this con- 
.Ktant to be of service in constitutional problems is 
due the fact that it is n(»t yet known under what 
conditions the specific gnivities of liquid and solid 
substances are c«>m}>arable. 


Molecular Weight ( As the absolute weight 

of a molecule of any substance is not known with 
accuracy, molecular weights are expressed in terms 
of an arbitrary unit. We shall take as unit the 
vrright of one atom of hydrogen. The definition of 
niolet’ular weiglit, thcref(ue, will be : the weight of 
one molecule of tlie substance in question, element 
or compound, when the hydrogen atom is taken as 
unit of weigl't. To determine a molecular weight 
we make use of two further principles : first, 
Avogadros Law second, the atomicity of the 

molecule of some standartl substance. We shaU take 
hydrogen as the standard substance, and assume 
that its molecule contains two atoms. We now put 

Weight^of^nejitre o^any^s ^Vapour den- 

Weight of one litre of hyrlrogen at 
samc temperature and piessuro stance. 


Let the weight of the molecule of the gas lie M, ami 
let there be n molecules of any gas in a litre at the 
same temperature and pressure ; then 

= Vapour density. 


That is, we have always the molecular weight of any 
gas is twice the vapour density. Molecu&r weights 
of gases or .substances which can be vapourisea are 
always determined by an application ci this rule.. 
For determination of molecular weight by lowering 
of the freezing point and raising of the boiling point, 
see bOLUTioKS . In chemical measaroments quanti- 
ties are always expressed in terms of molecular 
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wdgbtfl. Sfe Mass Actiok, Spbed of Bsacfioks, 
Solutions. 

Voleoille iCJiem,) Imagine a piece of cane engsr 
aabmltted to a process of meohanioal subdivimon 
carried so fgr that at last a particle of sagar is 
obtained which on further division loses the pro- 
perties of cane ‘sugar ; that is, the particle of sugar 
gives two or more particles which are evidently not 
suw. Then this ultimate particle is called a mole- 
oiue. As^we may extend this imaginary process to 
any compound, it is clear that we can define the 
molecule of a compound as the smallest particle of 
a compound that oan exist. In the (^ase of an 
element the molecule is not always the smallest 
particle that oan exist; the atom is the smallest 
particle of an element that can exist. So we must 
define the molecule of an element as the smallest 
particle of an element that can exist in the free 
state ; that is, uncombined with other atoms of the 
same or different elements. Tiie atom and the mole- 
cule appear to be identical in most metals and in the 
inert gaseous elements (helium, argon, etc.) and in 
the vapour of certain non-metals at a very high 
temperature, e,g, iodine at 1,500*^; these elements are 
therefore said to have monatomic molecules. Con- 
veisely, it may be said that if a substance is proved 
to have a monatomic molecule, it must be regarded 
as an element. Neither the absolute size nor abso- 
lute weight of a molecule is known with much 
accuracy; the order of magnitude to which they 
belong may be gathered from the statement that in 
one litre of any gas at the ordinary tem]ierature and 
pressure there are something like eighteen thousand 
millions of millions of millions of molecules. 

Moline {Her:) See tinder Cuoss. 

Moll {Mvsic). The German term for Minor, 

H mull = B minor, the term for major being Dur^ 

B. dur = B*? major. 

Molto (Mmie), Much : very. 

Molybdenite {Min.) Sulphide of molybdenum, 
MoH«. Molybdenum = 5‘.bl ; sulphur = 40-J^. Hexa- 
gonal. When fresh it is the colour of newly cut lead. 
It gives a grey streak on paper. Thin lamellai are 
flexible, but not clastic. It is soluble in nitric acid. 
It OfX^urs sparingly in metaniorphic rocks in Cornwall, 
the Caldbe 6 k Fells in Cumberland, Norway, Bohemia, 
etc. 

Molybdenum (M/i.) This element does not 
occur native. Its principal native compounds are 
M^TBBBKITe and Molybdine (^.?\) 

Molybdenum and its Compounds ( (. 'hem.) Molyb- 
denum, Mo. Atomic weight, 9G. Is a white metal 
whi(;h does not change in air at the ordinary'’ tempe- 
rature, but at 600° it is oxidised to the t rioxide, w'hich 
sublimes; in oxygen at tiu* same temperature it 
bums : heated in steam at 700° it gives a.mixture of 
the di- and trioxides ; dilute acids do not attack it ; 
nitric acid and hot concentrated sulpliurio acid 
oxidise it. At a high temperature it combines with 
carbon to form a carbide, MooC. It occurs naturally 
chiefly as molybdenite, MolS._„*wbich resembles plum- 
bago. The metal is obtiiin^i by reducing any of Its 
oxides or chlorides by heating them in a stream of 
hydrogen; also by heating the dioxide with sugar 
chart^oal in a carbon oruoible in tlie electric arc 
(800 am^res and 60 volts) for six minutes ; that is, 
90 that charge near the sides of the crucible is 
not melted, for the melted metal readily dissolves 
carbon. This metal belongs to the same group as 


chromium. It forms an enonnotia nomfMbr of um* 
pounds. Many oMdes am known. The dioxide in 
obtained pure by fusing ammonium molybdato s|dth 
potaasium carbonate and boron oxide, and e^tiaotlng 
with water, when itifemains as a brown soHd, 
by reflected light. The trioafide is a wldte /solid 
which turns yeUow on heating, then melts and 
sublimes ; sparingly soluble in water ; with alfcsHi 
it yields the molybdates ; with strong acids it yields 
the molybdenyl salts, e.g. MoO, . 6 O 4 . It is obtained 
by beating the native sulphide, contained in a bard 
glass tube, in a current of air, to such a temTOratnre 
that the trioxide formed sublimes. Molybdio add* 
HjMoO^ . H.p, is a yellow solid formed when nitric 
acid is added to a solution of ammonium molybdate 
and the mixture allowed to stand. A large number of 
simple and complex molybdates is known. Ordinary 
‘‘ammonium molybdate” is probably a double salt 
derived from trimolvbdlc acid, H.Mo.O,«, and having 
the formula (NH 4 ),H 3 MoaO, 5 ,(NH,) 3 H*Mo, 0 ^y It is 
resolved into its constituents on solution in water. 
It is a white crystalline solid, obtained by evaporating 
a solution of the trioxide in ammonia. It is a 
valuable test for phosphates and arsenates. When 
an excess of a solution of “ ammonium molybdate ** 
acidified with nitric acid is added to a solution of a 
phosphate, a yellow pecipitate of hydrated ammonium 
phosphomolybdate is formed, 

(NHjjH . (rO,).;23Mo048H^O. 

A similar compound is formed with the arsenates. 
When the hydrated salt is dried above 130®, it gives 
ammonium phosphomolybdate, (NH.),r0^12MoO,. 
When the last mentioned compound is treated 
with aqua regia it forms phosphomolybdic acid, 
H,P 04 l 2 Mo 04 , a solution of which is an important 
general reagent for alkaloids. Some compounds of 
molybdenum and oxygen, which are molybdenum 
molybdates, have a blue colour. The chlorides 
MoCly MoClj,, M 0 CI 4 , and M 0 CI 5 are known. The 
pentaddoiide is a shining black crystalline solid; 
melts at 194°; bi-ils at 268^ giving a red vapour; it 
fumes in air, and is decomposed by water ; 

2MoCli + 3n/)=MoCl, + MoO^ + 6HC1. 

The solution becomes blue in air, f<»rming a molyb- 
denyl molybdate, MoO^lMoO,. Iho pentachloride 
acts as a halogen carrier (f/.^\) Many oxychlorides 
are known. — W, H. II. 

Molybdic Ochre {Min.) A synonym for Moltb- 

DIEB {q.v.) 

Molybdine (Jlfm.) Molybdic oxide, MoOg. Molyb- 
denum = 65*71 ; oxygon = 34*29 per cent. Ortho- 
rhombic. Usually pulverulent, rarely jp fine silky 
groups. It occurs as a decomposition product of 
molybdenite, and hence has the same Localities. 

Moment of a Force {Phys., etc.) The product of 
the amount of a tor(*.e, by its perpendicular distance 
from a given point, ir> i*alled the Moment of the 
Force about that piunt. Tins product is also called 
Turning Moment and Torque. 

Moment of a Magnet. S^‘e Magnet. 

Moment of Inertia ( \ If a particle of mass 
M be revolving in a circle of radius r, the quantity 
wr" is termed its Moment of Inertia. If a rigid body 
revolve about any given axis, its Moment of Inertia 
about that axi s is obtained by summing gll the separate 
products Wi/’i", where wi,, etc., 

arc the masses of the separate particles composing 
the body, and etc., are the perpendicul^ dis- 

tances of these particles from the axis. The Momenta 
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of Inertia of some solids of commonform areas follows, 
where M is the mass, r the radius : — Oireular Disc: 
Axis through centre, 4 Mr®. Sphere: Axis through 
centre, ( Mr®. Thin, Hod: Axis through middle, at 
right angles to rod, Ml®. Thin Hoop or Ring : Axis 
tinough centre, In formulae for the bonding 

of beams (see Beam) the Moment of Inertia of 
the cross section is the sum of the products of each 
element of area into the square of its distance from a 
given axis. If this axis be through the centre of gravity 
of the area, and A be this areii, we have the Moment 
of Inertia for a rectangular section equal to ^ ; 

a triangular section ^ Ah-, and a circular section 
A AA® : h is the depth of the cross section in the 
direction along which bending occurs. In beams, 
I (the Moment of Inertia) must be ciilculated aWuit 
the neutral axis (q.r.) of the beam, and this may not 
pass through the centre of gravity of the cross 
section, but may be at a distance r from it. Then 
if Ig be the Moment of Inertia nV)out the axis through 
the centre of gravity, and 1 that about tlie neutral 
axis, we have I = 1^ + Ar®. 

If omentum (J(terh.^ The product of the mass of 
a body and its velocity. It may be taken as rei)re- 
senting the “ quantity of motion ” of a moving bo<ly. 

Monad Element (Chem.') Same as laonovalent 
element. See Valexcy. 

Monatomic Molecule From Avogadro's 

Law we have alwavs 

Vapour .lensity = 

See Molecule. Wlien the vapour densities of 
mercury, zinc, and (!a<lmium, and iodine at ],.500®, are 
determined, they give values whirl i are half theii 
atomic weight, from wdiicU it is concluded that the 
atom and molecule of these elements in tlm gaseous 
state are identical: they are called monatomi*' 
elements, llie lowering of the freezing points of 
many metals, when tin is used as .solvent, al.^o yield 
values for .their molecular weights whi<-h are iden- 
tical with their atomic weights. Another kind of 
evidence is available in the case of mercury and the 
inert gases argon, helium, etc. Ilie velocity of sound 
in these gases and in mercury vapemr lias been found 
by Ku ndt’s method (^.r.) From the observed vel« city 
of sound the ratio of the two specific iieat* of the 
gases or mercury vapour can be calculated. See 
Velocity op Bound. The value for their ratio is 
1*66, and this agrees with the value calculated from 
the kmetio tlieory of gases for molecules on which 
no internal work can be done ; for instance, no energy" 
of rotation can be im()arted to such molecules, nor 
can they consist of two atoms, for then work could 
be done in changing their motion about their 
common centre of gravity ; tliat is, such molecules 
must consist of single atoms. The ratio of the 
tw'o specific l)eat8 for a gas like hydrogen, which is 
believed on many chemical grounds to have a 
diatomic molecule, is 1*41. 

Monde (Her.) One of the insignia of royaltv, 
consisting of an orb surmounted by a cross, generally 
patt<^e. The orb is encircled by a horizontal band, 
often enriched with gems. See Crows, 

Monhydrio Alcohol. See Alcohol. 

Monial (AroAifeet.) See MULLION. 

Monk (Print.) A black blotch on the printed 
sheet, caused by a foreign substance in the ink, 
improper grinding of its materials, or imperfect dis- 
tribution on the face of the forme 


Monkey ( ATay.) The weight or ram of a pile driver 
whicli strikes the head of a l^LB (y.e.) in order to 
drive it into the ground. 

Monkey Mat. See Gbound Nut, Nut. 

Monkey Tail (Carp, and Join,) A vertical scroll 
at the end of a handrail. 

Mono (C.^em.) A prefix used in chemistry to 
denote that the element or graup to which it is 
jire fixed occurs only once in the molecule of the 
compound which bears the name ; e.g. Monochlorsmetic 
a(‘id is acetic acid in which one atom of hydrogen has 
been replaced by one atom of chlorine. 

Monochord (Sound). An instrument consisting of 
a single wire or string stretched on a sounding board 
between suitable bridges or supports by means of pegs, 
a spring, or a weight passing over a pulley. Used in 
experiments on the vibration of strings and in the 
investigation of the frequency of vibration of other 
sounding bodies. 

Monocotyledones (Rotatig), One of the two sub- 
divisions of the flowering plants. The leaves are 
parallel veined, the flowers have their parts in threes, 
and the bumlles of the stem are scattered. The sub- 
division includes the Ldmeets, Oramiiuo, Palmer, etc. 

Monohydric Alcohol (Chevi.) An alcohol c.on- 
taining only one livclroxvl group. Examples: 
CTI,CH,OH .‘CHj. CHOU . f'll,. Alcohols. 

CHjfOH 

Monoformia {^Chem.) CH^OH 

CH,OOC . H 

The name given to the ester formed by the union of 
I molecular proportions of glycerine and formic acid, 
with elimination of one molecule of water. Bnpposed 
to be formed when glycerine and oxalic acid are 
heated together ; also wlujn a-chlorhydrin and sodium 
formate act on cae)i other. On heating the product 
It yields allyl alcohol — 

CHjOH CH^OII 

CHOU =. ('ll + CO- + H-O 

I !l 

CH,00(71 CHj 

Heated with water, it gives gly<;erine and formic acid 

Monolith {Archifect., etc.) A column, statue, 
obelisk, or other feature formwl out of a single stone. 

MonoperiptoFal or Honopteral {Architect.) A 
species of circular temple in Avhich there is neither 
Tvall nor cella, but merely columns supporting a roof. 
See I’lERA. 

Monophase Generator and (EU^ct. Eng.) 

A BiXfJLE Phase (q.r.) machine. See Motors and 
Dynamo. 

Monophase Motor (Elect. Eng.) See Motors, 
Electkic, 

Mono Rail ( Civil Eng.) A rail carried on trestles 
above the level of the ground. The rolling stock 
either hangs 6usi)ended from the rail, as in the 
Barmen and Elberfcld Railway in Prussia, or else 
each vehicle is built like fsinniers, so that it hangs 
down on both sides of the rail on which it is balanced, 
as in the Listowel and Ballybunniou Railway in 
Ireland. In the latter (^ase side rails are added below 
the level of the main rail to steady the vehicle : they 
do not sustain any portion of the load. 

Monosaccharoses (Chem.) A name given to the 
sugars containing six carbon atoms. See Su(]fABS 
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Monoie (^Chem,) A name, rarely used now, for 
sugars containing six carbon atoms. See Suoabs. 

]IoBOsessrMonosaoohaFides(£%Ma.) SeeCAMO* 

HTDBATBS. « 

lloiiostyle {AroHteot.) A pillar which consists 
of a single shaft. See Glustbbbd I^illab. 

Bonotone The recitation of words on 

one note. 

Mono Trl^yph (Architect,) An arrangement of 
the Doric frieze and intercolumoiation such that there 
is only one triglyph between tlie triglyphs luimo- 
diately over two adjacent columns. This is the usual 
arrangement. See Tbiglyph, Di-tbigylph, Tbi- 
TfiiGLYPH, Abchitbcture, Obdbbs OF, arid Enta- 
blature. 

Monovalent Element or Group (^Cliem.) See 

Valency. 

Monsoons (Meieorol,) Prevailing winds in Southern 
Asia. North of the Equator they are S.W. winds, 
lasting from about May to October ; and south of the 
Equator they are N.W. winds during the remainder 
of the year. The S.W. monsoon is followed during 
the rest of the year by the N.E. tnuie wind, and the 
N.W. monsoon by the S.E. trade wind. 

Monthy Sidereal (Astren.) The time it takes the 
moon to make her revolution from a given star to 
the same star again, as seen from the centre of the 
earth. Its mean value is 27d. 7h. ll*5.0s. 

Synodic (Aetnm.) Thp time between two 
succossive conjunctions or oppositions, i.e. lietwceUi^ 
sucoessive new or full moons. Its mean value is 29d, 
12b, 44iu, 2-868. 

Monumental Brasiee# S'^e Bkasses, Monu- 
mental. 

Moon (Aittron.) A satellite of the earth, and to us, 
ranking next* to the sun as tlie most important of 
the heavenly bodies. The mean distance from the 
earth is 238,840 miles ; mean duimeter, 2,li)3 miles. 
The passage of tlie moon between the earth and the 
sun, near the nodes, causes eclii)ses of the suii which 
arc partial, annular, or total, according as the condi- 
tions prevail. i 

Moonstone (^1/^7?..) A variety of Adulabi a which • 
is a colourless semitransparent v.uiety of Orthoclasc 
Felspar. See Obthoclase. Moonstone lias a pearly i 
lustre, and is u.'^ed as an ornamental stone. Suitable 
specimens c«imo chiefly from Ceylon and other • 
localities in the East Indies. 

MooP Cock (Tier,) A charge : the male or cook 
bird of red grouse. 

Mooriih Architectupe. Tliis is a branch of ; 
Mohammedan architecture, and was originally d('- j 
voloped in Northern Africa around Morocco ; but the j 
finest examples were produced in Spain, which was ; 
under Moorish rule from 7i0 — 1492 A.D. The ; 
principal features of Moorish work are slender 
colutxiu.s; semicircular, liorseslioe, ami cusped arciics, 
and minarets, which in Spain were replaced by 
massive towers. The richly coloured interiors were 
treated with minute surface ornament, tiling, j»laster 
relief, and pierced work, the ornament being usually 
of geometric type and embodying inscript ions. The 
most noteworthy examples are the Alhambra at 
Granada (begun 1248 A.i).), the Aloa/ars at Seville 
and Malaga (thirteenth century), the Girahla at 
Seville, and the Great Mosque at Cordova (begun 
786 A.D.) 

Moop’b Head (/far.) A charge representing a negro’s 
iiead id profile, generally with a pearl ear pendant. 


Mopetick Rail {JiAn, ) A handrail of citcular eeotion. 

Mopaeea (.Botany), A Dicotyledon order of tseea 
and shrubs, incluaing the mulberry, fig, bop, 4tiC. 
This order yields fruits, fibres, rubber, drugs, and 
timber. 

Mopainei (.Geol.) The loose piles of stones and 
other rock dihrie which are carried outward from the 
heart of a mountain area by the agency of glaciers, 
^ey naturally form three types : (1) Those which 
have fallen from the slopes above the side of a glacier 
and form the lateral moraine. (2) Those whid:i find 
their way to the middle of the surface where two 
lateral moraines unite into one. (3) The terminai 
moraine, which represents the dibrie left at the outer 
end of a glacier. A fourth kind is supposed by some 
to exist beneath the glacier, and this supposititious 
material is referred to as the ** Moraine Prbfonde." 
Mordants. See Dyes and Dyeing. 

Mordente (Miuic), — Of the musical ornaments or 
grace notes, this is one of the most important. 
Mordentes are of two kinds, the Short and the Long, 
and are written and played as follows : 

Written. Suobt Mobdekte. Played* 

LoXG Mobdentz. 

Besides these there is the inverted mordente or 
pralltriller. which has no upright line through the 
sign, e,g. 

Written. Played. 

HI 


-W- 

This inverted mordente is also called a ** Schneller.* 
Moreau Marble. See Artificia l Stone. 
Morendo (Music), Dying away. %.e. gradually 
getting Hufter and slow'er. 

Morion, Morian, or Murrion (Am.) A Moorish 
bcjuipiiH-e or helnict ropieti by tlie Spaniards about 
the midtllo of the sixteenth century, and worn later 
by other European nations also. The crown of 
earlier morions was pointed in shapd) the brim, 
both before and behind, forming a peak, which 
canted upwards; later the crown was rounded in 
outline and often surmounted by a crest or 
comb. The morion was worn as late as CromweU’s 
time. 

Morning Star (Astrm.) A star which rises just 
before tiin sun, in contnulistinction to an evening star, 
wiiich sets just after the sun, 

Morocco (Leather Mauvfac,) Tanned goatskins 
used for furniture and the highest class of book- 
binding leatluT. It was formerly obtained from the 
African town after wliic.h it is named. 

Morphine or Morphia ((^hem,) .An alkaloid. 
White crystals, needles or prisms, containing one 
luoleonle of watci’ of crystallisation ; melts with 
decomposition at 230*; sparingly soluble in water 
(about 1 in 10,000 at ordinary temperature and 1 in 
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460 boilm^); mare soluble in alcohol (6 in 100 at 
ordinary temperature) ; soluble in warm amyl 
^cbhol; nearly i^ohible in ether and benzene. It 
, is hevorotatory. Sorphine is a strong base, and forms 
i^y salts. The hydrochloride. B . HCl . SUfi, 
silky needles, soluble in water ; the tartrate, 
3^0, small white crystids, soluble 
in water; the acetate, B.CjHA.3HA white 
crystals, readily soluble in water, are all used in 
medicine, but the acetate not so much as the other 
salts, because it loses acetic acid and becomes less 
soluble. (B stands for morphine.) Morphine occurs 
in opium. Smyrna* opium containing most of the 
alkaloid (11'7 to 21*5 per cent.) 'llie opium is 
thoroughly extracted with warm water, the solution 
neutransed with calcium carbonate and concentrated ; * 
calcium chloride is now added to precipitate mecouic 
jwsid. and the solution is evaporated to a syrup, when 
it deposits crystals of morphine and codeine hydro- 
chioMes, which are recrystallised ; from the solution 
of the mixed hydrochlorides ammonia precipitates 
morphine only. The following reactions are im- 
portant in the determination of the constitution of 
morphine. Analysis shows it to have the formula 
0]|HigNO,. It is a phenol because it gives a blue 
colour with ferric chloride, and combines with caustic 
soda to form a salt in vrhlch one hydrogen is replaced 
by sodium. It contains anotlier hydroxyl group 
brides the phenolic one, for it yields both a mono- 
acetyl and a diacetyl derivative with acetic anhydride. 
The diacetyl morphine is used in medicine under the 
name heroine. It Is a tertiary base because it unites 
directly with methyl iodide, and the addition pro- 
duct can be converted into a hydroxide. On warming 
morphine with methyl iodide in presence of sodium 
cthoxide, codeine (which is methyl morphine) is 
obtained. Codeine unites directly with methyl 
iodide to form codeine methiodide, and this com- 
mtmd yields a hydroxide with moist silver oxide. 
Codeine methyl hydroxide readily loses water, an<i 
forms a white crystalline solid called methyl- 
morpbimethine, which has the following im|)ortant 
reaction: Heated in a sealed tube with acetic 
anhydride at 160° to 200°, it yields, an isomeric 
compound, and also oxyethyldimethylamino and an 
acetate of oxymethoxyphenantbrene. Tlie dehydroxy- 
ph^aanthrene from which the last mentioned com- 
pound is derived is called morphol. and it has been 
synthesised. It has the constitution : ^ 


grounds the following formula baa been aaaignad to 
morphine: 


N.CH, 


Accordingly the derivatives mentioned will 
represented as follows: 


N.CH, 


'(’ . OCII, 


HC', - 


When morphine is heated with zinc dust, phenanthrene 
is among the products of its decom][>ositioD. On ibese 


ten . N CH, 

/S./ I 

iCil ";C dlL 


HC'i 

\ 


,CU-0 


'C.OCH, 

CH 

Codeine Methyl Hydroxido* 


M0a 


VO* 


m 


CB 



Meiby^on^biaetbiiie* 


CH 



HO.CH,.CH^.N(OH,)y 

Oxyetbyldixnethylamixie. 

When morphine is heated with concentrated hydro- 
chloric acid it loses one molecule of water, and forms 
apomorphine, a white amorphous powder which turns 
green in air; it \6 used in medicine because it is 
a powerful emetic. Phosphorus trichloride replaces 
the alooholic hydroxyl by chlorine, forming a com- 
pound called chlormorphide, Ci^HujNOjCl, and this 
on treatment with water yields two compounds 
isomeric with morphine, called isomorphine and 
^-isomorphinc ; but these compounds have not the 
narcotic properties of morphine. Morphine acts as 
a reducing agent, and on this property most of the 
tests fur it arc founded, euy. the liberation of iodine 
from iodic acid. The ^kaloid (its salts) are nsed in 
medicine for producing sleep and relieving pain ; it 
is very poisonous.— W. H. H. 

Moitow Clutch (Offeles), A form of friction clutch 
in which the contact is made by a series of rollers 
running on slightly inclined teeth, resembling a 
ratchet wheel. The rollers serve as pauls when the 
free wheel is driving the cycle ; wlien the pedals are 
still, the rollers drop back and release the outer ring 
of the*tohain wheel. 

Hone (Oisf.) A clasp, often richly engraved, by 
which a tope is fastened. 


ifaMfioia /Hm hlphalmt lii wfaid^ 

eveiy letter is lepesented by it comoibcMon of Iwii 
elementary symbols ; in wii^ng, these eymibM 
oonsist of a dot and a da^ ; in tm«%raphio or othit 
signalling the movement of a needle, pointer, 
etc., to one side represents a dot, ana to the oth^ : ^ 
side, a dash. By this means a complete system of 
transmitting messages can be used with apparatus 
which is capable of giving two distinct s^;iials 
only. 

Morse ReeeiTer or Recorder [Meat. Ung.y ’ A 
telegraphic instrument which records the dots and 
dashes of the Morse Code on a strip of paper which 
is drawn off a drum. The current received by the 
instrument acts on an electro magnet which moves 
an arm provided with a markii^ point or wheel; 
this marker comes in contact with the paper str^ 
and produces a dot or a dash according to the 
duration of the current. 

Mortar. See Cemsntb. 

Mortar MiU (Build., etc.) A grinding and 
mijdng mill for mortar ; it consists of two cast iron 
wheels or rollers, running on the ends of a short 
horizontal axis which is fixed to a vertical rotating 
axis. The tollers are thus caused to run round a 
circular track in a shallow pan in which the lime, 
sand, etc., arc placed. See Edge Bukkbb. 

Mortice (Carj?.) A hole, usually rectan^lar, cut 
,ito receive a Tekon (q.v.) A mortice usuiwy passes 
right through the piece of wood in which it is cut. 

Morttce Chisel (Ca/rp. and JoinJ) A chisel with 
a very Rtr(>ng blade and a handle adapted lor 
receiving blows from a mallet. Used in cutting a 
mortice [q.v.) 

Mortice Gauge (Carn. and Jinn.') A gauge 
formed by a bar, along which slides a guide or fence 
which can be fixed at any required point on tbe bax. 
Near one end of tbe latter are two metal points 
projecting at right angles to the bar ; one point is 
fix^, the other can be adjusted at any required 
distance from the first one. Used for marking two 
lines simultaneously, parallel to the edge of a piece 
of wood, as in setting out a mortice (q.v^ 

M<&*tioe Machine (Carp, and Jom^ A machine 
having a cliisel attached to a massive tool holder, which 
can be raised or depressed by a lever. Hie tool bolder 
moves vertically in guides attached to tbe frame of 
tlie machine. The wood to be cut rests on a table 
which can be given a lateral motion by means of a 
wheel turned by band ; after each stroke or cut of 
tbe chisel, tbe wheel is turned slightly, to move the 
wood into a suitable position for the next cut to be 
taken. The machine is now almost universally used 
for cutting mortices, even in small workshops. 

Mortice Wheel (Mug^ A gear wheel in which 
tbe teeth are formed of wootl, each tooth being 
driven into a mortice or socket in the rim of the 
wheel ; once very common in mill work. 

Mortier (Ber.) A cap of estate, worn by tbe 
French Chancelloi-s and Presidents of Parliament; 
used as a charge in French heraldry. 

Mortise and Jo't^.) 6!rs MORTIOE. 

Mosaic [Arrliiteot.) Inlaid work formed of small 
pieces, usually cubes, of marble, glass, or other 
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materials. It is used as a decoratfVe treatment of 
floors and ^11 surfaces, . See also Btzantins. 

Vosaio Oold IChem.) Stannic sulphide. See Tik 

iCOMPOUKDS. 

j. Moss Agate (Min.) A variety of Chaloedony 
St^.r.) containing dendritic forms of Limonite or 
' Pyrolusite, which coat the surface of cracks within 
the agates. See also Agate. 

Moibo {Mutio). Movement. 

Motes (Cotton Manvfac.) Spots on spun yarn 
due to crushed seed or leaf which has not been freed 
from the cotton fibre during the spinning processes. 

Mother Liquor ((Viern.) The liquid remaining when 
a solution of a substance or mixture of substances has 
been caused to deposit crystals. 

Mother of Coal (Oeol.) Sir Coal. 

Mother of Pearl. The inner layer of the shell of 
many bivalve molluscs, partioulaily the pearl oyster. 
This substance is used in ornamental work. 

Mother of Vinegar. See Acetic Acid. 

Motion (Lace Mannfac.) One movement of the 
carriages from back to front or rire versa, like the 
swing of a pendulum from right to left or i^ice versa. 
In most macliines it is one revolution of the front 
shaft. 

Motion Bart (Eng.) The Slide Babs or Guide 
Bars of an engine (q,v.) 

Motion Bioek (Eng.) A Slide Block (g.r.) 

Motion in Line of Sight ( The motion of < 
bodies in space can be resolved in two directions, j 
either in the line of sight or at right angles to this ; 
direction. The former can be measured by the 
epectroscope. ! 

Motion Work ( Clocks and Watches). The short , 
train of wheels used between the hour and minute j 
hands to maintain their relative speeds. Caenon ; 
Pinion. I 

Motor. A general term for a prime mover or ! 
engine ; applied especially to electric motors 
(machines for converting electrical energj* into 
mechanical energy) and to petrol and spirit motors 
(q.v.) Also a contraction for Motor Car. 

Motor Boats and Launches. —The term “Motor 
Boat" is now usually applied to small vessels pro- 
pelled by an internal combusthm engine using x>etrol 
or some similar oil or spirit. The engine of such a 
boat is of some standard type, such as is described 
under Petrol Engine (q.r.) In certain cases an 
engine with a two stroke cycle is employed, as its j 
lower speed is arlvantageous when the engine is con- : 
nected directly to the shaft of the propeiler. As n 
petrol engine cannot be reversed when tlic boat is 
required to go astern, the prfjpeller is often made 
“ reversible ” ; the blades can be moved in such a 
way as to reverse the direction of the screw (i.e. 
from right handed to left handed). The nece.ssary 
movement is effected by a lever in the boat, con- 
nected by a rod to a sleeve on the hub or boss of the 
propeller. The average size of the boats now in use 
is about 25 ft. in length, and 5 ft. to G ft. in beam, 
the horse power commonly being from 10 to 15 ; but 
boats have already been built of 150 horse power. 
Tlie Delabaye boat may be quoted as an example. 
The whole of the engine, working parts, control 


lever, eta, are carried on a single bed plate, so that, 
the bottom of the boat having been prepared, It 
drops into place without elaborate bolting or fitting, 
and the whole can be easily inspected, 12 h.p. 
two cylinder engine has cylinders of 100 mm. bore 
by 140 mm. stroke, making 1,150 revolutions per 
minute. The Napier is the best known of the English 
made engines, and it has already proved as effective 
on the water as on land. Great interest was evoked 
in motor boats by the International Bace from 
Calais to Dover on August 8th, 1904. Out of twenty- 
one starters twenty finished : Mercedes IV. (80 h.p.) 
winning in about a minute over the hour; Napier 
(78 h.p. ), some 5^ minutes behind, second. The leaders 
travelled over 22 knots per hour, and the little 
Princesxe Elhaheth, only 30 ft. keel and 45 h.p., easily 
held the finest and fastest cross Cliannel boat of the 
day, the turbine-driven Queen (about 300 ft., with 
5,(iO0 h.p.), in mid Channel. In October, 1904, in 
a race l^^tween a boat of 40 ft. length and' 90 h.p. 
and another of .H7ft. and 150 h.p., from New York 
to Albany and back (about 275 miles), the former 
won, maintaining an average speed for the whole 
journey of 2G*29 miles per hour, a ijace excelled by 
very .few “ destroyers.” Those figures seem to in- 
dicate that there is a great future for the motor 
boat. 

Motor Cars. The term “ Motor Car ” is used 
somewhat loosely, and although ki England it is 
taken to comprise all classes of self propelled goods 
or passenger vehicles w'liich are adapted to run on 
ordinary roads, in the United States of America the 
term is, and has been for many years, employed in 
connection with iramcars. ll is the former or purely 
British sense that is horti adopted, and without 
attempting a definition that would fully differentiate 
between what is and what is not it motor car, it may 
be briefly stated in general terms that all self pro-, 
polled ^ehicles adapted to run, and be steered, on 
common roads, and to carry either goods or pas- 
sengers, other than exclusi\ely for their* own 
(consumption or guidance, fall within the meaning 
contemplated. Historkjal ; The history of the 
motoi car ba.s its origin m the earliest attempts at 
meclianical traction, and consequently goes back 
X)rior to tin? commencement of the nineteenth 
century. \\'ith these early attempts are as-sociated 
tiie names and w'ork of Cy'uguot (1770), Trevethick 
(1802), and during a j)eriod of phenomenal activity 
(1825 to lS3r)) of Hancock, Gurney, Bummer, 
Ogle, and others. The successes achieved by both 
Hancock and Gurney are such as to suggest that 
under more favourabh*- circumstances the development 
of mechanical traction on common roads wculd have 
become a matter of steady progress and growth, 
instead of being doomed to premature extinction, 
resulting in the almost total los.s of the experience 
and information that had been gained. The railway 
locomotive, although taking its origin in the same 
cradle as the steam carriage, proved itself an infant 
of much more rapid growth. The condilions under 
which it is required to work l>eing less exa< 5 ting, 
success f)roved to be within more easily attainable 
reach. From the time of the abandonment of the 
early steam carrifjge (about 1840) to that of what 
may be aptly termed the “ Motor Car Benaissance," 
sporadic efforts were made, and more or less success- 
ful results were achieved. Notable amongst these 
were vehicles by Ricketts (who built a series from 
about 1858 onwards), Yarre^w (1862), Holt (1867), 
and others. In general, considering the enormously 
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Increased facilities provided by the then modern 
machine shop^ the results achieved during this 
period were disappointing, especially when compared 
with the previous efflorts thirty years earlier with 
oomparattvely crude appliances. It is doubtful 
whether the weights of engine achieved per horse 
power was any great advance on Hancock or Gurney, 
and although in some cases the engine was geared 
down considerably on to the road wheels as on a 
modern car, the extent to wliich this was done (taking 
into account the slow car speed) was not suflicient to 
fully realise the advantages of the high speed engine, 
and thus where gearing was used the advantage 
obtained was scarcely sufficient to justify its employ- 
ment The cars of this period embodied little more 
than the bare necessities of locomotion, and no 
attempt was made to build steam carriages in the 
sense understood by Hancock and Gurney, or motor 
cars, as they are understood to-day. These sporadic 
efforts are unimportant historically, as they show no 
continuity either with the past efforts or with the 
subsequent history of the development of the modem 
car. The present era in the history of the motor car 
was inaugurated by tlie employment about the year 
1H85 of the Internal combustion engine as the means 
of propulsion. For this innovation the credit must 
be given to Gotleib Daimler, who, while adhering to 
the Otto or four stroke cycle (which had driven all 
compfttilors from the field in the gas engine world), 
succeeded, by ado;>ting high spepd, in producing 
engines of very light weight for the power developed, 
and so rendering the internal combustion engine 
suitable for the propulsion of motor vehicles. Of the 
firms early in the field, the most successful to apply 
the Daimler engine to the propulsion of the motor 
car was undoubtedly that of ranhard & l^evassor, 
whose general arrangement of mechanism and system 
of change gear and transmission, subsequently 
adopted by many of tlie leading makers, stimves at 
the i^esent day. Tlie practical solution of the 
problem by the application of the internal com- 
bustion, or, as it is somewhat loc^sely termed, the 
** petrol ” engine, and the publicity given by the races 
and competitions tliat were organised from about the 
year 1894, liad the result of stimulating effort in other 
directions. Not only did the makers of these cars 
increase rapidly from year to year, but several firms 
commenced the manufacture of steam driven cars, 
in a few cases (notably f^rpollet in France, and the 
“ Stanley ” or “ Locomobile ” in the United States of 
America) as a direct competitor with the light petro- 
leum spirit car ; but steam was more generally and 
successfully employed in cars for heavy traffic with 
a ** tare ” of about two tons and upwards. Owing to 
the development of the industry the term “petrol 
car” needs definition. Since petrol was the first 
suitable light petroleum distillate available a.s a fuel 
for internal combustion eugine.s, the name became 
associated with the cars, in contradistinction to 
steam, gas driven, or electric ciirs ; but really it is a 
misnomer for petroleum spirit or light hydrocarbon 
cars. 1'here are now many suitable petroleum spirit 
fuels for cars propelled by internal combustion 
engines, but there is a tendency to retain the old 
title. The limitations of the term petrol instead of 
petroleum spirit cars are as misleading, as designating 
oars driven by alcohol motors, “brandy” or “gin’' 
cars, instead of alcohol cars. The Electrical (Accumu- 
lator) Motor Oar also made its commercial ap]()ear- 
ance under the stimulating influence of the success 
achieved by the petroleum spirit vehicle. The 
olaims pot forward on behalf of electrical propulsion 


jiroved to rest on but slender fonnda^pOiL The 
electric aoomnnlator was never able to bold Ums 
own against the internal combustiott engine 
even the steam engine, owing mainly to> 
the cost of up-keep aud weight of aoonmnlatatmf 
necessary per horse power hour. The useful langek^ 
of the electric vehicle being limited by this latter .J 
consideration to about twenty miles out and home, 
its employment has besen confined to short distance 
work in populous cities. So long as lead oxide is the 
means of electrical storage there is no prospect of the 
electrical vehicle seriously improving its position. 

Typjqs of Modebn Cab: The various types of 
modem motor car may be roughly classed as : 

Motor Cycles, including all small vehicles built 
on cycle lines with the motor and frame resting 
directly on the road wheel axles without “sus- 
pension.” 

Su6divitw?£g : 

Motor Bicyclei : generally having accommodatioiiL 
for one. 

Motor Tricycles: generally arranged with accom- 
modation for two. 

Motor Qiiadricyoles : generally arranged with 
accommodation for two. See also Motor Cycles. 

Motor Cabs (so called), including all types of 
suspended passenger vehicle, and classifiable roughly 
as follows : 

Voitnrettes : generally having accommodation for 
tw^o, with sometimes additional accommodation. 

Light Cars : usually built to accommodate four. 

Tawring Cars : long distance vehicles to accom- 
modate four upwards. 

M(rtor Br(mahams\ arranged with accommodation^ 

Motor Lamd^vXeU ^ etc., as their names would 

Motor Wagonettes " Indicate. Body work follow- 
etc, ing horse drawn practice. 

Heavy Motor Vehicles, including slow moving 
vehicles primarily for goods transport usually (at 
present constructed) upwards of two tons “ tare.” 
Types of tliis class are not as > et fully differentiated ; 
but the steam lorry or dray is at present the prin- 
cipal type. 

Jt may be noted that two types of self-propelled 
road vehicles, the steam road-roller and the traction, 
engine, are not included in our definition. The 
popular types of vehicle of the cycle and car classes 
are subject largely to the infiuence of fashion, 
based on, but not altogether proportioned to, the ap- 
parent merits of the types of the moment. The 
“ vogue ” in motor cycles until about the year IfiOG 
favoured the three wheeled machine, the type then 
most common being the “ De Dion.” Since that date 
the motor bicycle has come into more generel use, 
and is the almost universal one seat machine of 
t<»-day, the “ quad ” and the more modem form of 
tricycle with fore carriage being the more popular 
of the two seated arrangements. The most n<itable 
effect of fashion in the car class of veldcle has been 
the vogue urdil about a ycfir ago (19()3) for tlie rear 
entrance “ tonneau,” and the present reaction in 
favour of the side entrance car. The essential 
functional elements of a modern petroleum spirit 
motor car are as follows : Commencing at the fuel tau^^, 
we have: (a) The Vapoitbisbb, in which the liquid 
fuel is vapourised and mingled with air to form an ex- 
plosive mixture. (A) The Engine or motor by which 
the explosive mixture is drawn from the vapouriser, 
compressed, ignited, expanded, and the products 
of combustion expelled, aud by which as great a 
proportion as possible of the energy contained in 
the vapourised fuel is converted into power; and,, . 
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waM^oBxy to the engine, the OooiiBB (or Ejlpiatoe) 
ipid BxnAysv SxLENosB. by whidi tbe waste beat 
and pfoducts from the engine aie dissipated and d!s» 
ebamd into the atmosphere, (o) The Clittch. by 
whl(m the emidoyment of the power of the engine is 
controlled, (tf) The Ghaugb Qeab, by which the re- 
latimoi between the speeds of driving and driven 
meohanism may be accommodated to suit change of 
gradient (fig. 1> (e) Tbansmission Tbain» by which 
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Fig. 1.— The “Akgyle** Gear Box. 


the power is conveyed to the road wheels (fig. 2). 
(/) fee Tybks. The functional elements of the 
steam car are in the main analogous, and to some 
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extent identical ; but the clutch and change gear are 
dispensed with, the condenser takes the place of the 
coder, and the boiler is additional. The vapouriser 
commonly employed is of the " spray ” type, and works 
on the same principle as the common spray difibiser ; 
it is airang^ in the suction pipe of the engine. 
In another form of vapouriser the petrol is sucked 
up by numerous wicks into chamber through which 
the w passes on its way to the motor, and is thereby 
saturate with vapour. The motor almost universally 
emidoyed works on the well known ** Beau de Bochas ” 


or Otto ** prlneipl^ in which the complete oycle of 
operations occupies four strolms of the piston, these 
being respective^ : (1) suction, during which the 
admission valve is open; (2) compression, during 
which the gases taken in on the previous stroke are 
compressed ; (3) the expansion, m which the ghses 
after ignition expand, doing work; and (4) the 
exhaust, during which the waste products are 
expelled through an ezhanst valva The number of 
cylinders in common use varies from one in the 
cheaper class of car to four in the better class 
of touring car. and in machines specially built 
for racing. The advantages of the multicylinder 
engine are the absence of vibration and the greater 
uniformity of ‘^toi^ue.*’ The advantages ^imed 
for the single cylinder engine are simplicity and 
cheapness. Great efforts have been made to pro- 
duce a balanced engine in urhicb there is na 
vibration. In the generality of cars the engine 
is of the vertical type, though in some standard 
types of cslt the horizontS engine has been 
employed, owing to its greater suitability to the 
design. The coolers or radiators ore of various 
designs, the object being in all cases to present as 
great a hot surface to the surrounding air as possible, 
lladiators are sometimes assisted by a fan to blow or 
suck air over the hot surfaces, and the water circula> 
tion is usually maintained by a pump. In some 
engines direct air cooling has been employed, in wliich 
air is blown over gills attached direct to the cylinder. 
Clutches for the control of the p<)wer tninsmission 
are of various forms. The majority at the present 
day are conical clutches, leather faced. An advance 
on this practice is fo\ind in the metal on metal 
clutches of the “ Mercedes,’* “ Lanchester,’* and 
** Hele-Shaw ’* types. The former is a Coil clutch 
and the two latter are conlc4il, tlie **Helc*8haw" 
l»elng an application of the multiple disc (or Weston) 
principle. The change gear most commonly em- 
ployed jit the present day is that of intermoshing 
toothed wheels, a series of toothed gears on a Ifiiding 
sleeve l;)eitig arranged to successively mesh with a 
corresponding series on the diiven shaft. Another 
form of gear used by a number of makers is the 
“ Sun and Planet,” or epi cyclic change gear — a type 
which offersmany adiantages, and which probably has 
a great future before it. There are three main types 
of power transmission in common use : the parallel 
drive ^ in which the axes of motor shaft, countershaft, 
and road wheels are parallel and connected by ordi- 
nary spur gearing or by chains ; the ** Panhaird " 
in which tlie motor shaft is at i%ht angles to 
the road wheel axle, and the transmission is effected 
first by a bevel drive on a sprocket shaft, and then 
by chain drive to the road wheels (fig. 3 and fig. 4) ; 
and the direct right angle drvee^ in which the motw 
ih arranged as on the ** Panhard '* system, but the 
bevel drive is located on the road wheel axle, and 
the transmission carried across the suspension by 
a jointed coupling shaft (fig. 6). A variation in 
tills system is the now well known worm drive. 
Pneumatic tyres are almost universally used on 
the passenger types of cai*. See TintBS. The only 
features of a steam car to which special allusion 
need be made are the petroleum burner and boiler. 
I'he petroleum burner in principle is extremely 
simple, the oil being led through a pipe or tortuous 
passage heated by the burner itself, whereby tlie 
oil is gasified. It then passes to the burner nozzle, 
where it escapes under pressure, and, mixing with 
the air necessary for its complete combustion* 
passes into the burner proper, where the combustion, 






Fig. 5.— A Cb\ikx.e«b Motor Oar, 
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if perfect, takes place with a blue flame, as in 
the ordinary Bunsen or atmospheric gas burner. 
The steam toilers in use consist in the xnain of two 
classes. The ordinary boiler is of the niultitubular 
^\fire tube ” type, and is commonly arranged with 
vertical tabes, the boiler shell consisting of a cylin- 
drical dram, the ends of the cylinder forming the 
tube plates. The ** Locomobile ” boiler may be taken 
as typical. Special designs of tube” boiler 

also are employed. Another boiler of considerable* 
promise is the type known as the “ flash boiler, con- 
sisting of a tul^ of great length and vciy small 
capacity, in which the water is converted into steam 
as fast as it is injected. In these boilers the pro- 
duction of steam is controlled by catting off or i 
turning on the supply of water to the boiler, slmul- [ 
taneous control teing exercised on the burner by j 
which it is heated. The “ SerpoUct ” may be taken ; 
as typical of this class, of which it is unquestionably ! 
the leading representative. See Boilers. In all | 
types of vehicle an efficient brake is a vital neceasity. | 
The only satisfactory forms of brake have metal on i 
•metal friction surfaces, an exception being the tyre 
brakes of slow moving heavy vehicles, where wood 
blocks are successfully employed. The most gener- 
ally used classes of brake are the intenial and ex- f 
teinal varieties of band brake on drums titled to the I 


road wheels ; the 
lever and block 
brakes, and cone 
brakes, as fitted to 
the transmission 
shaft (fig. 0 ); also 
certain disc varieties 
are sometimes em- 
ployed. The ijar- 
ticalar type of brake 
is not 80 important 
as its soundness of 
design and material. 
Under the Light 
Locomotives Act all 
cars must be fitted 
with two indepen- 
dent brakes, and this 
has become the uni- 
versal practice. 
Some makers ad- 





Fk.. G.— The **Ai.KroN''’ Propeller I 
Shaft Drake. j 


a tank for the petrol, another for lubricating oil, and 
a compartment for the accumulators and induction 
coil. Petrol flows from the tank through a tube of 
narrow bore to the Spray Caubvbiottor o ; 



Motor Cycle, 


A, Cylinder. i, l^ver for adrancing the 

H, Tanks. bpark. 

c, Carburettor. j, Pump for lubricating oil. 

ij, Inlet Pii>e. K, Driving Ik.'t. 

E, Silencer. l, Lnip*. 

r, ExhauHt Valve Chamber, m. Hod for lifting exhaust valve. 
G, Exh.vust Lifter. N, Handle Switch, 

n, Contact Breaker. o, Plug Switch. 

from this tube the gas flows through the pipe D, 
and enters the cylinder by an Iklet Valve (not 
visible in the figure). The exhaust gases (products 
of combustion) leave the cylinder by an Exhaust 
VajA’E in the chamber F, and pa.ss througli another 
pifie to the Silkncer e. The exhaust \alve can be 
lifted when required hy a lover G, actuated by a 
rod M. Ttu' current flowing through tlie primary ot 
the induction coil is interrupted by a Contact 
i^REAKLU in the chamber H ; this contact breaker is 
actuated by the Half Speed Shaft. The time at 
whh:h the spark occurs can be controlled within 
certain limits by “ advancing the spark ” ; this opera- 
tion is effected Ijy turn mg the contact breaker 
through an angle by means of the lever and rod I. 
Lubricating oil is supplied to the engine when re- 
quired by means of a small pump J.wrorked by hand. 


vocato the fitting of a third or reserve brake, but 
this is quite unnecessary on a well constructed 
machine. 

Motor Cycles. The main parts of a typical motor 
bicycle are clearly shown in the illustration (given 
by permission of the Temple Press). The frame in 
tins case is somewhat different from that of an 
ordinary bicytjle, but in certain types of macjhine 
the form of the latter is adhered to more clo.sely. 
In all cases, however, the wl «>le structure (frame, 
wheels, tyres, brake, etc.) is greatly stren^hened 
by means of heavier tubing and lugs, tfie trout forks 
and head being provided with additional inenib(u's, 
if necessary. The back forks are made sufticiently 
wdde to allow of the addition of a driving rim 
and to provide clearance for the belt K, hy whi(*h 
the power is conveyed from tfie pulley on the 
axle of the engine to the back wheel. ^^Tth these 
excx-ptions the machine follows tfie type of the 
ordinary cycle. The engine itself is a single cylin- 
der petrol engine of ordinary* type. Sec Petrol 
Engine, a is the cylinder, boltfid to tlie crank 
chamber, which is secured l^y lugs l to the frame. 
Above the engine is placed a case B, which contains 


Tlie engine car* be stopped by cutting off the current 
entirely ; for this purpose two Switches arc included 
in the primary circuit : one is uj-imlly contained in 
a handle N of the machine, and is operated by 
j turning the handle half round ; the other is a Plug 
I Bw^ttch o, which is closed by the insertion of a 
j small brass plug, easily carried in the pocket when 
I the rider has dismounted, and wishes to ensure that 
the current from the accumulators is not w'astod or 
the current impnqjerly started. The details and 
! method of action of the engine are dealt with under 
Gah Engine, Oil Engine, and Petrol Engine; 
but the pjinciples involved may be summarised as 
I follows : — A supply of petrol .sufficient for one charge 
I is drawn into the Carburettor c, where it is 
! volatilised and mixed with air to form an explosive 
; vaiKJur, and is drawn into the cylinder chamber, 

; which it fills as the piston descend.s. On the piston 
I rising both valves close, and, tliere being no escape, 
the “mixture” (as the air and petrol vapour is 
termed) is highly co!n}yres.sed, i.<;.to a tliird or quarter 
of its original volume. At this point it is fired by 
the Bpakking PLU<i, the vital “heart” of the 
machine. This emits the spark which fires the 
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charge (internal explosion), and gives motion to 
the whole machine by the explosive power thereby 
exercised. The sparking ping is a porcelain cylinder 
or tnbe surrounded by a metal sleeve nut, which 
makes a gas tight joint ; the connecting wire passes 
through the plug, the sparking joint being within 
the explosion chamber. At the outer or flat end the 
end of the wire is bent at right angles, and at ^ of 
an inch from it is a corresponding wire connected 
with the metal shell, and therefore with the frame of 
the machine which is used to convey the return 
circuit. The spark jumps over the small ^pace between 
the joints. On the side of the engine opposite to 
the pulley is a short shaft, the half speed shaft, 
rotating at one half the speed of the crank shaft. 
This operates the exhaust valve (or exhaust and inlet 
valves) and also the contact breaker, an electrical 
device which is made in various patterns, but mainly 
of either Wjpb or Make and IJkeak contact. It 
consists of a very small, light, flexible steel spring. 
Midway there is a tiny platinum disc ; on the other 
end either a V projection or other device to engage 
the eccentric of the revolving cam. Abo\e Ihe disc I 
is a corresponding phitiniini .stud at the end of a I 
screw, which forms the terminal of the electric wire. 
The spring vibrates at high speed; each time the 
discs are separated the current is broken, and the 
spark tliereby produced within the cylinder. When 
the explosion has driven the piston to the bottom of 
the cylinder, the inlet valve closes, and the exhaust 
valve opens. The spent gas is swept out as the 
piston rises. Tlic chamber is now empty, the piston 
descends, the exhaust valve closes, tlie inlet valve 
opens, and the next charge is sucked through the 
carburettor into the chamber. The piston now rises 
again, and the gas i.s compressed ; the clmrge is fired, 
and so the process goes on at the high rate of 
1,500 to 2,(KX) revolutions of the engine f^er minute — 
two revolutions (four motif uis) to each explosion. 
The spent gas p/usses from the exhau.st valve into 
the silonwr, a chamber which serves to dcailen the 
sound. Without this device~i.f'. with a free port *’ 
to the exhaust valve — the noise created by the ex- 
plosions would be deafening. There arc many forms 
of silencer : in most of them the burnt gas is 
discharged close to the ground. Magneto I(jnition 
is an alternative system of firing the charge ; the 
current is profluced from the engine by a small 
magneto machine (a simple form of dynamo with 
permanent field magnets). A special form of spark- 
ing plug is used in the “ low tension ” system, as this 
method of ignition is termed. The device causes 
noise and friction, and uses up energy ; but neither 
coil nor battery is needed. Horse Power (ex- 
pressed h,p.) varies considerably: IJ h.p. is the 
standard for ordinary road '■iter touring single bicycles, 
but 2 to 2^ and even higher powers are used by 
expert riders. High power means great speed, more 
danger, and greater cost. The Tricars, where per- 
manent provision is made for a passenger, and per- 
haps luggage, generally have ft h.p. On the path, 
for pacing in races, French riders use 10, 12, and 
even 14 h.p. on a single or tandem bicycle. The 
Engine, although generally vertical, i.s sometimes 
placed at various angles, or even horizontally, as 
the maker considers most effective. The Driving 
Power may be communicated in several ways: 
(l)Belt. (2) Chain. (3) Goar. The belt is either : 
(a) flat leather strap; (6) twisted hide, which 
can be further twisted to tighten ; or (e) a V 
built up and flat bottomed, so as to better grip the 
V or TJ pulley. The Chain is not nearly so much 


used as the belt, but is increasing in favour. Tbs 
Gear Drive is being introduced in soine oases: 
the power is transmitted from the engine through, 
gearing somewhat analogous to that used in motor 
cars. Gearing Down: Owing to the high speed 
of the engine, the driving is from a small pulley 
on the motor axle to a pulley four, five, or sue 
times the size, otherwise the speed would be too 
great. In racers the ratio is reduced from one to 
two and a half. Some machines (such as the Bat) 
have no pedals, and the rider is dependent entirely 
on his engine. In most cases, however, pedals 
(always ** free wheel ”) are employed, and are useful 
in helping the motor up a .stiff hill, or for exercise 
when the rider has become cold or cramped. Lubri- 
cation is effected by the .small pump J, above men- 
tioned, placed within easy reach of tlie rider. Only 
a s].>ecial and heavy product of vaseline for air cooled 
motors can be used ; an ordinary oil would be burnt 
up by the great heat. A few strokes of the pump 
force the lubricant into the crank case and other 
required points. The electric current should be fre- 
quently tested and the battery recharged, as if it 
runs out the rider is helpless. Indeed, the three 
non-mechanical essentials — the battery, the petrol 
supply, and the lubricant — should be carefully 
watched. Vibration is the great drawback of 
motor cycling. A much larger and easier saddle is 
required than in the case of the ordinary cycle. 
Bpring .sarldlc pillars have been introduced; in the 
Bat the scat pillar is isolated from the machine by 
coil springs, with resultant comfort to the rider. 
The handle bar.s communicate great vibmtion, to 
obviate \vhi(;h the Quadrant Company fit a most 
effective double fork, whicli absorbs a great portion 
of the vibration, the con.scquence being that the arms 
an<l hands do not get tired, as with a rigid machine. 
Various atteinj^ts have been made to produce a 
detiichable motor which can be fitted to an ordinaiy 
cycle. One of the latest is due to W. B, Simpson, 
and can, with but little alteration, be add^ to 
existing bicycle.^!. The motor and its equipment aie 
carried on a frame on tubular shafts, which extend 
from the axle of the rear wheel backwards, looping 
round the wheel, with a second loop extending 
towards the ground ; this latter cai'ries the engine, 
which is also supported by a castor wheel at the 
rear. A.s the motor possesses a certain amount bf 
vertical **play/’ it rides easily behind the machine, 
which it })ropels by a chain. Extra large petrol 
tanks (capacity for 100 miles) are carried on the 
shafts. Control from the handle bar is effected by 
Bowden wire connections, and any type of motor may 
be used. The machine answers capitally, and is of 
particular value to ladies, as there is no extra machi- 
nery, oil, lieat, or complication to interfere with the 
dress. Vibration is almost annulled, and the motor 
can be readily detached when required. Additional 
Attachments to Motor Cycles: The average 
motor cycle is strong enough to carry an extra load 
or passenger. There are three principal forms of 
attachment: (1) Trailer: A small two wheeled 
** bath chair ” wicker scat trailed behind the motor ; 
it is practically extinct. (2) Sidecar, with one 
wheel, the other side being attached to the motor 
cycle frame; it brings the passenger alongside the 
driver, and is much the most companionable form. 
(3) Forecab: The front wheel of the bicycle Is 
removed, and the steering pillar fits on behind the 
axle of a light two wheeled chair seat, which is 
secured by side tubes, etc., to the bicycle. It gives 
a seat immediately in front of the driver, and is the 
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most poplar and effective form of paseenger device. 
Othbb FObms of Motor Ctclr or Ctcle Cabs: 
Correctly epeaking, a cycle is ** a wheeled vehicle 
propelled by the ^lonof the feet,” and the motor 
merely an addition thereto ; but the tendency is to 
make motor ** cydea ” without pedals, more particu> 
larly tri^^oles and quads (four wheelers). Many of 
these are built with permanent seats for a passenger. 
The arrangements of the motor tricycle and quaclri- 
cycle differ from the bicycle chiefly in the following 
points : (1) The engine is fixed close to the back 
axle, to which the power is transmitted from the 
crank shaft by a train of gear wdieels. (2) The 
cylinder is usually “water cooled” These 

arrangements introduce extra complications, which 
cause a well made motor cycle with three or four 
wheels to be almost as elaborate in its mechanism, 
and therefore nearly os expensive, as a small light 
car. On this account the distinctitm l)etween the car 
and the motor cycle now tends to become more 
marked than ever. The tricycle and quadricycle are 
disappearing, having been displaced by the Tricar. 
This typo, a direct development of the motor bicycle 
(as distinguished from the motor tricycle), is coming 
more and more into favour. The best known, and 
foactically the originator of the type, is the Trimo. 
It retains, however, the motor bicycle type as a basi>* 
(pedals being rettiined), and to this form (or that of 
a tricycle) it can be restored wdth a little alteration. 
In the more elaborate patterns t|ic body is hung on 
C carriage springs. A free engine is fitted with two 
speeds and a clulch, which can be slipped after the 
rider and passenger are mounted, thereby starting 
the machine.— H. H. Cl , 

Motor Dynamo iElect, Eng,) An electric motor 
combined with a dynamo. The former is actuated 
by an electric current and drives the dynamo, which 
produces a second current differing from the first in 
voltage, etc. An alternating current may be changed 
to a direct current, or vice versd^ or a high voltage 
continuous current transformed to a low voltage one 
by this means. 

Motor— Cil, Petrol, Spirit (Eng.) See Petrol 
Enqike, etc. 

Motors, Electric. The direct or alternating cur- 
rent dynamo can, instead of converting mechanical 
into electrical energy, perform the reverse process 
without any change in its mechanical construction 
or electrical connections. It is then termed an 
Elbotbomotob. Rotatory motion due to electro- 
magnetic action was first produced by Faraday in 
183!4 closely followed by Salvatore del Negro and 
Hxii. Other pioneers in direct current motor de- 
velopment were Jacobi, Pacinotti, Uramme, and 
Biemena. In 1873 the first public electric power 
transmission scheme was showm at the Vienna 
Exhibition, when two similar Gramme machines 
were used — one as the generator, the i>ther as the 
motor, the distance between the tvro being a bare 
third "of a mile. The first alternating current 
polyphase motor was made by Bailey in 1879, 
Depress and Ferraris almost simultaneously follow- 
ing up this method of power conversion. ^Whenever 
two sets * of lines of force {q.v.) or separately 
generated magnetic fields occupy a common zone, 
a tendency exists for the lines to so alter their 
ths that as many lines as possible shall (coincide 
direction, each field being theiefore distorted 
from its natural ari'angemcnt. This mutual dis- 
tortjion sets up a recovering stress which is imj[>arted 


to the mi^et or carrent oanying ooU produoU^ tbe 
field, the effect of which is a tendency to motion in 
the material substance employed. When one or botii 
of the fields are due to a current fiowing in a oon* 
ductof, the tendency to motion of fi ich wire is at 
right angles to the direction of the field acting on 
it, and also to the direction of fiow of ourrent in 
it. A coil (fig. 1), pivoted on axis XY, having a 
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current fiowing round it in the direction shown, 
and placed in a magnetic field shown by the 
long straight arrows, will rotate in the direction 
of the large curved arrow until the lines of force 
developed by the current in the coil coincide with 
the direction of the field. If the current direction 
were reversed, the coil, if moved out of its position 
of equilibrium, would lend to move through a semi- 
circle to a fresh position of rest. A direct carrent 
motor essentially consist^s of a collection of such 
coils arranged cylindrically and provided with a 
current reverser or Commutator, the brushes being 
so placed that all the current carrying coils assist 
each other in protiucing continuous rotatory motion. 
During such motion the conductors cut the lines of 
force of the field, ]iroLlucing a counter electromotive 
force, and constancy of rotation is obtained when 
this back cdectromotivo force, plus the volts lost in 
armature resishinoe, equal the voltage of supply to 
the armatui-e. The commercial efficiency of a motor 
is ithe ratio of the mecliunical ouii)Ut ( = 2ir«T foot 
pounds per minute, where n » revolutions per minute, 
T = Torque {q.v.) or twist on the armature in pound 

cv 

feet) to the electrical in-put (~‘,jq^, where c* 

current supplied to the motor, V *» voltage of 
supply). This ratio is usually expressed as a per- 
centage. The full load eftlcicncy of direct or 
alternating current motors varies from 95 to 70 per 
cent., according to size, speed, and condition of 
working. The losses arc due to friction of bear- 
ings, and, in some tyi^s, of brushes; air friction 
or “ windage ” ; magnetic hysteresis (q.v.) in the iron 
parts ; local eddy or Foucault currents {q.v.) in the 
conductors, and heat losses on the conductors. The 
torque is equal to the product of the average thrust 
in pounds on the armature conductors and the radius 
of these conductors in feet from the oentre of the 
shaft. Modem continuous current motors, precisely 
like continuous current dynainoi? have revolving 
armatures and fixed fields. The field may be in 
series or shunt to the armature, and oompound or 
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diiSerDtitiAlly wotud iitotors ace jKnnetimes, thatigh 
often, used wiiere great ooiMtancy of sp^ is 
desired. dSse DirsrAMOs. Where a high starting 
torque is required in traction work) a series 
motor is empmyed. On tramwaj systems the modem 
motor is a fomt pole, series motor wound for 600 volt 
circuits and thoroughly waterproofed. A series motor 
will not run at constant speed with varying load, and 
mast be. continually regulated by a “ controller ” or 
hand operated switch resistance. A shunt motor, if 
of small armature resistance and strong field, will 
give an almost constant speed witli varying loads, 
and hence needs little manual control beyond start- 
ing and stopping. In starting a series or shunt motor 
a Stepped KsaiaTAMCE {g.v,) must be placed in series 
with the armature to avoid an excessive rush of current. 
Keference is made in the article on dynamos to the 
necessity of giving a forward leatl to the brushes. 
In a motor the lead is backward, as the*, armature 
current flows in an opfwsite direction with respect to 
the field to t^t in a dynamo. Modern practice is in 
favour of using multipolar in preference to bipolar 
machines, except for very small outputs. Two 
alternators cannot be run a.s generators in series 
nnless mechanically coupled, for if they become 
ever so slightly out of pliase the resulting current 
retards the lagging machine hr throwing work into 
it, and accelerates the Leading one, until they fall 
into complete opposition of phase, one driving the 
other; hence one bt^comes a generator, the other a 
motor. There is no difference in thd (construction of a 
synchronous alternating current generator and motor, 
these beii^ reversible simply by tho conditions of 
loading. This applies alike to polyj)ha8e and single 
phase alternators. The description of these alterna- 
tors (wc Dvkamo) therefore applies to such motors. 
In order to connect this type of motor to an alternat- 
ing current supply it must be “synchronised,” i.e. 
it must not be switched on to the mains until its 
frequency, terminal voltage, and phase arc identical 
witu that of the supply. A separate direct current 
supply is necessary to excite the fi(;ld magnets of tlie 
alternator unless a special commutating device is 
mounted on the shaft, whereby a portion of the 
current thus rectified can be shunted through the 
field, as ^n the case of a rotary converter. Let a 
ring of soft iron be continuously wound with a coil 
(fig. 2), having four tappings (or points at which 
it is connected to ex- 
ternal conductors), and 
two independent alter- 
nating currents, of the 
same frequency, but 
differing in phase by a 
quarter period, be led 
into the winding l)y 
tappings AB and cd 
respectively. When 
circuit AB has its maxi- 
mum cunent, that in 
CD will be nil. At 
this instant a zone of 
magnetism is set up of 
general direction cd. A quarter period later a 
zone is set up of direction ab. Between these 
times one zone dies out as the current diminishes, 
the other zone increasing. These combine to 
fbrm a resultant zone shifting in direction from 
€D to AB, This continues throughout the period, 
and we get a rotating field due to the stationaiy 
or Statob windings. If, now, a bundle of short 
circuited conductors be plac^ within this ring, 


currents are Induced due to tho euttiag of eoa« 
ductors by tlm lines of force. Theee currents 
their turn set up magnetic fields. U the omteu#' 
lag behind the impressed electrometive ibiCei'diie 
to the cutting, the indneed fields lag behind tito 
inducing field. There will be a constant eSodt ^ 
the induced field to align itself with the induciug 
field, which effort is transmitted to the substance cl 
the conductors, and rotation ensues. This is the 
principle of the Polyphase Ivdvction Motob, and 
can be applied to any number of phases. In lame 
commercial machines the revolving (or rotor) win^ 
ings are usually grouped systematically, and have 
facilities for connection to external resii^ances for , 
use in starting. The same principle may be applied 
to single phase currents by placing circuits AB, OD^ 
in parallel on the supply mains, but feeding, say, AB 
through a non-inductive resistance and CD through 
a highly inductive coil. The phase CD is thcreV 
retarded behind that of AB, and a rotating field 
produced. Pull speed having been obtained, this 
starting device or Phase Splitter may be cut oat 
of action, the machine continuing running by its 
internal reactions. To increase tlie effect the rotor 
conductors are embedded in iron. In order to ensure 
efficiency, the. iron employed both in stator aqd rotor 
must 1)6 of the softest description and well laminated, 
and the gap between the fixed and rotating parts 
must be as small as practicable. The efficiency ot 
these machines is not so high as that of synchronous 
motors of the same output, as, owing to the high 
inductance of the iron circuits, heavy lagging currents 
occur, causing much beat waste. A recent tyi)e of 
alternate current motor is the repulsion motor, which 
is similar in construction to a direct current motor, 
with the exception that the field is made of laminated 
iron having an alternating current passed through it 
from the mains. The brushes, wijich are placed 
at an angle from their neutnil position, are short 
circuited. The closed circuit thus formed produces 
a magnetic flux at an angle to the main flux of the 
field. By the effort of this flux to align itself with 
that of the field, the conductors under the bfush are 
dragg^ round, and as fresh conductors continually 
come into position the rotation is continuous. When 
the motor is up to speed the brushes may be lifted, 
the motor then running as a single phase induction 
machine. The same effect is produced by “ shading'* 
part of the (laminated) polar projections of an 
alternating current electromagnet by sheets of 
copper, producing a lag of phase in this portion of 
the field due to the eddy currents, and so produo* 
ing a shifting zone of magnetisation. An ordinary 
induction machine rotor is used. — J. A. S. 

Motor Spirit. See Petrol, etc. 

Mottled Soaps- A domestic soap, mostly of a 
common grade, which possesses a mottled appearance 
not unlike marble, sucb as white with blue veins or 
grey with darker grey veins. Mottled soaps are now 
not much used in England, but large quantities are 
exported to the Colonies and elsetvhere. 

Motto (ffer.) A pithy sentence or even a single 
word appended to an escutcheon. Sometimes it is 
a punning device; e,g. the motto of the Vernon 
Harcourts is Ver non aeniper viret. 

Mould. The matrix in which an object is cast, 
and from which it receives its form. See Oast ; XiOST 
Wax Pbooebs. 
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Mmud and Jtnn,) A thin piece of wood or 

nnc cut to aliape (profile), serving as a template 
or guide in cutting scrolls, handrails, or other 
curved work. 

(Ibundry'). The hollow space into which 

liquid metal is poured in order to produce a casting. 
Moulds are made of sand and loam for iron, steel, or 
brass castings ; but they may be of some metal when 
castings are required in lead, pewter, or similar 
fusible alloys. 

— (^Paper Mann/ao,) A wire cloth fixed to a 
wooden frame, used for making paper by hand. 

(Plast.) A template or piece of zinc cut out 

the reverse of ^e profile of a moulding to be run in 
plaster, 

Monldan (Fmndry). The workmen in the 
foundry who make the moulds, cores, etc., by means 
of the patterns and core boxes supplied by the 
pattern makers. 

Voiildf Formation of {OeoL^ This is due almost 
entirely to the combined effects arising from the 
action of various chemical, organic, and physical 
changes affecting rocks at a short distance below the 
surface of the land. One of the most potent causes 
of change is that set up by bacteria, wliich convert 
dead vegetable matter into the humus acids, solutions 
of which, in their turn, dissolve many of the rock 
constituents, and thus lielp to convert the residue to 
a pliable state capable of transport by the wind. 
Worms may perform a share of the work. 

Moulding {Architect , , etc.) A generic term applied 
to the various contours or sectional outlines of such 
features as string courses, cornices, plinths, bases, 
capitals, door and window jambs, arches, etc. Sec 
Astragal, Bead, Torus, Fillet, Cyma, Cavktto, 
OvoLo, Scotia, Bowtell, Boll Moulding, and 
Scroll Moulding. 

{Ftmndry). The formation.of Moulds {q.v.) 

This operation is carried on either by the use of 
patterns (jq.f>.) or in certain cases by shaping or 
striking the mould in loam by means of Loam 
Boards <s-v.) 

Moulding Box. The iron frame holding the sand 
in which moulds are formed ; often termed a Flask. 

Moulding Cutter {Ccfp.') A revolving cutter, 
whose profile is formed into a sliape the reverse of 
s moulding wUch has to be cut. It is attached to a 
opindle rotated at a high speed by power. 

Moulding Letters. Metal letters used for pro- 
ducing themould for casting letters on name plates, 
etc., inst^ of actually cutting the letters on the 
pattern. 

HftiiW ifig Machine {Fbimdry). Mechanism msed 
for prdducing comparatively siniple moulds, of which 
a number are required all alike. Moulds for cast 
wheels are conveniently made by means of moulding 
machines, and a complete pattern is not required. 

Mound {Her.) See Monde, 

Mount {Her,) A tump or hillock at the base of a 
shield, generally vert. 

Mountain Ohaini. A geographical term that is 
eften applied to any group of mountains which 


happen to occur more or less in line with 6a«fii other, 
whether they are due to terrestrial uplifts formed 
under the same conditions or not. Most typical 
mountain chains are, like the Andes, great surface 
wrinkles, primarily due to movements of the Barth's 
crust, ana are correlative to adjacent zones of 
depression. 

Mountain Cork {Min.) A loose porous variety of 
Amphibole {q.v.) It is often so light as to float on 
water ; it occurs in fissures in rocks which have had 
some of their ferromaguesian silicates decomposed. 

Mountain MeaL A synonym for Eieselgnhr. See 
Diatom. 

Mountain Railways {Ciinl Eng,) A term pro* 
perly restricted to lines on which the adhesion of 
the locomotive wheels to the rails is insufficient to 
propel the train, necessitating the use of other means. 
These other means are usiudly a Cable {q.v,), some 
form of Hack, or a central rail gripped by hori- 
zontal wheels on the locomotive, as in the Fell 
Railway (Mont (*enis, etc.) The rack systems in- 
clude the Ladder Rack, formed of bars (Mount 
Washington, U.S.A.); 1a)CKER Rack (Pilatus), in 
which the teeth arc on two sides of a central rail and 
the toothed wheels gearing with them are horizontal ; 
Flat Bar Rack (St. Eilcro, Italy) ; and Abt Rack, 
with two (or three) fiat nicks side by side, their 
teeth being arranged stepwise, so as not to come in 
line with each other (Harlz Mountain Railway). The 
Abt Rack appears to lx* the most satisfactory of all 
these systems. 8i‘e aUo Railways. 

Mountings {Eng.) A general term for the small 
parts that arc added to a machine, etc., when the 
main parts arc complete; especially the fittings 
added to a boiler after the shell leaves the hands of 
the boilermakers. 

Mount Sorel Granite. See Building Stones. 

Mounture {SUk Manvfac.) A figured harness 
I composed of cotton or iineo thread, bnilt up to and 
connected with the Jacquard mard)inc in such a way 
as to operate on the warp threads either singly or by 
sections. 

Mouse Mill {Elect.) A simple form of electrical 
Induction machine ; used in charging the needle of 
I a quadrant electrometer. 

Mouse Roller {Print.) A small roller connected 
with the inking arrangements of printing machines 
of the Minerva pattern ; used for distributing the 
ink evenly on the disc. 

Mouthpiece {Made). That part of wind instru- 
ments which is applied to the lips. There are three 
kinds : (1) reed, as in the clarionet or bassoon ; (2) 
cupped, as in the trumpet; (3) a hole, as in the 
flute. See Musical Instruments (Wind). 

Movable A term appRed to type in 

order to distinguish it from stereotype, electrotype, 
etc. 

Movable Bridges {Civil Eng.) Those embrace 
Floating, Swing, Traversing, Lift, and Bascule 
Bridges (q.v.) 
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HEorabto Do {MuBiay A term applied to the 
Tonic Sol-Fa syatem, in which the keynote is always 
called Do. The moYable Do is the essential charac- 
teristic of the modem or Tonic Sol-Fa system, as 
distin^ished from the older system, in which the 
term Do is applied only to the note C (Fixed Do), 
See dUo Tonic Sol-Fa. 

Hoyablo Weirs ^ig.^ Weirs which can 

be adjusted in height or entirely removed during 
floods, etc. They include Frame, Shutter, and 
Drum Wisibs <^.e.) 

MoYoment (Musiv). A section of a larger work, 
suoii as a sonata. Each section or movement is 
complete in itself as to form, although each move- 
ment should have a connection with the whole work. 

MB. An abbreviation of the word ** manuscript.’* 
MS. is generally termed ** copy ’* (q.v.) by printers. 

M*B« (MitHc). The left hand ; the letters standing 
for the Italian Man Sinutra. The equivalent in 
English is L.H., and in Fn*nch M.fJ {Main (ratce?te)^ 

MBB« An abbreviation of the word “ manuscripts.’* 

Mode Acid (Ohem.), COOII . CHOH . CHOH . 
CH OH . CHOH . COOIJ. Small white rhombic prisms ; 
melts with decomposition at 210° : sjmringly soluble in 
cold water ; more soluble in hot. water ; insoluble in 
alcohol. I’rolonged boiling willr water converts it 
into a soluble lactone (g.r.) (paramucic acid). 
Heated with pyridine it is <jon verted into a stereo- 
isomeric acid (allomucic acid). Heated with a 
mixture of conccntnited hydrochl(*rir and hydro- 
bromic acids it yields a, a'-furfurane dicarboxylic acid, 

OHOPI . CHOH . COOH CH = V . C^OOII 

I =1 

CHOH , CHOH . COOH CH = C . CO( )H 
which loses COjj on heating, forming pyromucic acid, 
CH = C . COOH 

I ^ O • Ammonium mucate on heating 
CH = CH 

CH = CH 

yields pvrrol, { ^NH, Heated with barium 

CH = CH 

sulphide, mucic acid yields a-thiopbene carboxylic 
CH = C.COOH 
acid, 1 S b. 

CH = CH 

The acid is obtained by oxidation of many kinds of 
gum, and by oxidation of dulcite, galactose, and 
lactose. The formula shows the acid to contain four 
asymmetric carbon atoms ; it should exist therefore 
in ten stereoisomeric forms. Ordinary mucic acid 


and allomucic acid have the configurations 

COOH 

1 

COOH 

HO— C— H 

1 

1 

H-c-on 

HO— C— H 

1 

1 

HO— r— II 

HO-C-H 

I 

HO— (Lh 

HO— C— H 

I 

j 

H— 0— OH 

j 

COOH 

COOH 


Allomucic Acid. Mucic Acid. 

(Botli thcM are inactive.) 


Mudap (JBetawy). An Indian tree, CaletrepU 
gigant^a (order, Aecle^iadaoea}j whose bast fibiioi 
form ^uod material for cordage. The down on tha 
seeds is used for stuffing cushions. 

Mnd Box {Bng.) A cavity provided in pumps, etc., 
to serve as a mud trap, ue. to stop mud and gnt from 
entering the valves. 

Mud Bucket C-Eng.) The bucket of a dredger, i,e. 
the part which actually scoops up the mud. 

Mud Guards ( Cyeles). Made of thin iron, steel, 
leather, or celluloid. They should prevent mud from 
reaching the running parts of the machine, as well as 
keep it from the rider. 

Mud Hole (Eng.) A door or hole near the bottom 
of a boiler or tank by means of which mud and sedi- 
ment can be removed. 

Mud Hole Door {Eng.) An elliptical plate, fitting 
a seating or muci hole of the same form, in boilers, 
etc. Jt is passed through the opening, then pulled 
up againt't its seating, and held fast by a bolt fixed 
to an arch which spans the hole outside the boiler ; 
the internal pressure tends still further to keep it 
tightly closed. 

Mud8(^^0^.) Clays or other argillaceous matters 
rendered semifluid by admixture with water. In 
addition to the muds of the land, rivers, and lakes, 
there are extensive submarine deposits which cover 
the ocean floor for many thousands of square miles. 
Most of iViese are of terrigenous origin. They are 
usually classed as (1) shallow water muds, which 
have been d^nositedin depths less than 100 fathoms; 
and (2) deep sea muds, which have been left at 
greater depths. These include blue, red, and green 
muds ; also volcanic mud, and the calcareous mud 
derived from coral reefs. 

Muffle Furnace {Met., iUmying^ etc.) A furnace 
resembling an oven, in which cupels {q,v.) or small 
crucibles can be placed to be heated without direct 
contact with the flames or fuel. The actual oven, or 
Muffle, is an arch shaped vessel of fireclay. 

Muffler {Jlotor Cars). A Silencer Cg.v.) 

Mulberry. Sec Woods. 

Mule {Cotto/c Sjfinnmg). An intermittent spinning 
mac] line very suitable for medium and fine counts, 
.soft s^mn yarns, and elastic yarns. It consists of 
three main parts : (1) the head stock ; (2) draw 
rnllers and beams; (3) carriage, which holds from 
SOO to 1,500 spindles placed side by side. The rovings 
are finally drawn out and twisted to the required 
fineness to fonn the spun thread of commerce. The 
drawing and twisting are done simultaneously, but the 
winding of tlio spun threads on to the spindles is 
performed separately, as the carriage recedes inwards. 
All sources of motion for the numerous operations 
necessary are obtained from the headstock. «Mules 
are specially constructed for spinning (a ) twist or (&) 
weft in coarse, medium, or fine counts. Bdme are 
capable of spinning as high as 350 counts. 

Muller {Paint) A flat bottomed pestle for grind- 
ing painters' colours ; now seldom used. 

Mullet {Her.) A charge formed like a star. It 
has generally five points, and is sometimes repre- 
sented pierced or voided. The rays are always 
straight, thus differing from estoile, whic^ has wavy 



42^ 


Mtm 


T 




Xftjs* If of more than fire points, the number must 
be giren; this is then generally called a atar. 
When used as a mark of oadcbc j it denotes the third 
son, 

Milllioa (Arohiteci,) A vertical bar separating 
the lights in a Gothic window or screen. It is also 
known as a Monial or Munnion. 

(Join., etc.') The vertical member, of larger 

■eotilon than a bar, that divides a window into 
lights. 

Viiltloelliilar Yoltmeter (Meet.) See Volt- 
KSTvas. 

Hnltlfbil (Arehiteet.) A cusped opening in Gothic 
tracery formed with a large number of foils, or spaces 
between cusps. See Foil, Cusp, Cinquefoil, and 
Quatsbfoiu 

MnUl^pliMe (Elect. Eng.) See Polyphase. 

Hultiple Are or Circuit (Elect.) A number of 
conductors arranged in Paballbl { g . v .) 

Mnltiplo Boiler (Eng.) A boiler with a number 
of tubes, i , e . a tubular boiler. 

Mnltiplo Drilling Machine (Eng.) A machine 
with a number of parallel drilling spindles ; used for 
such work as the simultaneous drilling of a number 
of holes along an iron girder, boiler plate, etc. 

Multiple Star (Astron.) A star which has one 
or more companions physically connected with it. 

Mnltiplo Telegraphy (Elect. Eng.) The simul- 
taneous transmission of two (or more) messages along 
a single wire. See also Telegbaphy. 

Multiple Threaded Screw (Eng ) A screw with 
two or more distinct threads or helices. 

Mnl^les Telegraphy (Elect. Eng.) See Mul- 
tiple Iblegbafhy. 

Multiplying Power of a Shunt (Elect.) See 

Shunt. 

Mnndic (Min.) A synonym for Pybites (q.v.) 

Munnion (Architect.) See Mullion. 

Muni or Munting (Ccvrp. and Join.) A vertical 
member dividing the panels between the outside 
styles, e.g. the central vertical part of an ordinary 
panelled door. 

Munte Metal (A^.) A kind of brass (3 parts 
copper to 2 parts zinc) used for the tubes of surface 
condensers and locomotive boilers, also for sheathing 
wooden ships. 

Mural Grown (Her.) The crown is represented as 
made of squared stone, and is embattled. 

Mural Decoration. See Painting (Methods), 
CuiR HouiLLi, House Painting, Panelling, Wall 
Papers, Wainscot, Tapestby. 

Murez (Art). A twisted shell portrayed as a 
bom ; a conch. Generally an attsibutc of tritons, 
etc. 

MurexJde ( Cheni.) See Uric Acid, 

Muriatic Acid (Chom.) A common name for 
hydrochloric acid (q.v.) 

Mumy or Banguine (Her.) A tincture used in 
ancient heraldry : a dark brown. 
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A colourless, strongly alkaline, difficultly mystalUa- 
able syrup ; very soluble in water and in sloohol ; yeiy 
poisonous. Forms salts with acids, and its salts ^ve 
precipitates with the alkaloid reagents (g.e.) except 
iodine in potassium iodide. It ocoors in putrid Bsh 
and in the poisonous fungus called fly amrio ; but it 
is doubtful if all the poisonous action of this fungus 
is due to muscarine. Muscarine bos been obtained 
artificiallT by the oxidation of oholine ( q . v .) by nltxie 
acid. The same name, muscarine, bias also been 
applied to a totally different substance — a blue dye. 
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Huschetors or Muahetoom (Her.) The black 
tail of ermine without the three dots or spots 
above. 

Muscle Sugar ( Ohem. ) See Inosite. 

Muscovite (Miii. and Choi.) A hydrous potassium 
and aluminium orthosilicate ,* composition rather 
variable, typically 2H„0 . Kfi . SAhO, . (ISiO^. Mono- 
symmetric. Usually “in tabular “pseudo-hexagonal 
crystals with a perfect basal cleavage. One of the 
Mica group (q.v.) Of wide distribution fls er\iptive 
and metamorphic rocks.. It is of considerable com- 
mercial importance w))en in large plates, such as are 
obtaitied in the United States, Liberia, etc. It is an 
important constituent r>f mo.«;t rocks iliat have been 
affected by d\namic metamoi77hism, this mineral 
being due to conversion from fragments of potash 
felspar. It occurs, for the same reason, in many 
gneisi>es and their related pegmatites. As an 
original constituent of erupti». e rotjks it is somewhat 
rare. Being, like quartz, a mineral that )s deoom- 
posed by natural causes only with great difficnlty, 
scales of Muscovite survive most of the changes tlxat 
affect other minerals, and it therefore occurs, as a 
derivative mineral, quite commonly in most sand- 
stones and allied rock.s. 

Musical Box (Music). A cylinder, with pins pro- 
truding, which is made to revolve by a kind of 
clockwork spring. In so doing the pins come into 
contact with certain teetli on a steel comb, tuned to 
the scale. The musical box is about a hundred years 
old, and is chiefly made in Switzerland. 

Musical IilBtFumeiit. A sonorous body by means 

of which musical sounds are produced. 

Musical Instruments. These may be divided 
into three classes, viz. (1) Stringed insttuments; 
(2) Wind instniinent.s; (3) Instruments of per- 
cussion. (1) Stringed Instruments are of thiee 
kinds : (A) Played by a bow. Tliis class comprise 
the violin, viola, violoncello, and double bass. The 
bow consi.sts of a stick, tapering towards the point, 
that has been formed by being regularly bent whilst 
it was subjected to a certain heat for a oonsidemble 
time. Horsehair is attached to the point and head, 
and by means of a screw the hairs can be tightened 
or loosened. Resin is applied to tlie hairs to inciease 
the friction on the strings of the jnstruments. Iba 
present bows were invented by Tourte, a Fvenchman, 
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towards tbe end of ^ > 

the eighteeath oen- 
tury. Tbe length of 
the bows ere: vioUa 
end vlola» 29 in. 
(about) ; violoncello, 
28^in.(aboat}; double 
ba^ 26 in. (about). 

(B) Played by tbe 
hand, comprising the 
mandoline, guitar, 
banjo, either, and 
haip. (o) Played by 
petoossion, comprising 
tbe pianoforte, dulci- 
mer, and cymbals. 

(A) Tbe Violin 
(fiddle) has four 
strings tuned in per- 
fect fifths, thus : 


r* "g, _ , Ist atrlDg 
^ZlPn 2nd rtxing 
JS! Srd string 
XT • 4ib string 



..Stick 


screw 

VioMN Bow. Double Bass Bow. 


These are called the open notes, and in fingering are 



ftnitg 

. soundhole 
•itridge 


...tiit-pi 


pm 


Fro. l.~VioxjN AND Parts. 


marked by a small o placed above the notes. It has 
a chromatio compass from 


-#3- 


ZtOZ 



Chords of two, three, or 
four notes are possible if 
Judiciously written. The 
illustrations (figs. 1 and 2) 
show the di&rent parts of 
the violin and tbe bridge 
on which the strings rest. In orchestral music the 
violins are generally divided into two parts — firsts 
and seconds. Tbe violin is the leading instrument 
in the orchestra, and the principal first violinist is 


Fig. 'J.— Briim'I^* 




called the leader of the orchestra. Two of moit 
celebrated makers of vioUns were Strac^vatiaB ^ 
pupil of Nicholas Amall) and Joseph Ounmatinei 
both of whom lived In the latter half of the neve&<«^ 
teenth and the beginning of the eig^iteenth oentneisn. 
See Obemona. 

The Viola or Tekob has four 
strings, tuned in perfect fifths, thus : 

) latBtring 

2nd string 
Srd string 
'O' 4th string 

aud has a chromatic compass from 





Fro. 8. 

Violin. 

ToScalejsIth VhaoncoUo 
eflbn. 


and DoaMe 1 


As on the violin, chords of two, three, or four notes 
are practicable. Music for this instrument, excepting 
the highest notes, is written in the alto stave (^th 
tbe C clef on the third line). The tone of the viola 
is somew'bat nasal, and tlie lower notes are especi- 
ally adapted to melodies of an emotional character. 
The riot da IhacHa is tbe viol to be played supported 
on the arm,” and is virtually the present viola. The 
viol da gamha is the viol to be played supported 
** between the knees.” It is now obsolete. There 
were two kinds — the six stringed and the seven 
stringed. The tone was lighter and of a more nasal 
character than the present violoncello. The viol 
d'amoTO is now nearly obsolete. It is about the size 
of the present viola, and has seven gut strings and 
seven sympaLbetic (resonance) strings, generally 
tuned as follows: 



The Violoncello (Cello) has four strings tuned 
in perfect fifths, thus : 





Ist string 
2nd string 
Srd string 
4th string 


being an octave lower than the viola. It has a 
chromatic compass from 



or even higher. Music for this instrument is written 
on tbe bass stave, excepting tlie higher notes, which 
arc written on the tenor stave (with the C clef on 
the fourth line). Occasionally the treble stave is 
used, and unfortunately w'hen this stove is used some, 
composers have written the notes an octave higher 
than they are to be played, whilst others haVe 
wTitten the actual notes. Modern composers use 
the treble stave only for the highest notes, and wiite 
the actual sounds. Chords .>or two, three, or even 
four notes can be played, provided they are judi- 
ciously written. 
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Tbe Double Bass is of two kinds: the three 
stringod, toned thos : 


5 IZB— . let string 
p — — 2nid string 
r— cw, . . 8rd string 



And the four stringed, tuned thus : 


let string 

! 2nd string 

— Srd string 
4th Btnng 


or sometimes 



The lowest string is even tuned down to or Ctj 
at times. Double basses in military bands often 
tone to 


in order to facilitate })lajing in 
flat keys, and in fact the exi- 
genoj of the 
case regulates 
the tuning of 
this instru- 
ment. In all 
cases the com- 
pass extends 
to 


with all the 
intermediate 
8 e mi tones 
from the low- 
est note ac- 
cording to 
the tuning. 
Music for the 
double bass is 
written on tbe 
bass stave, and 



Fig. 6. 

Three Strinoeu 
Docile Bass. 

To Scaii- with Violin ami Viola. 

the notes sounded arc an octave 
lower than those written. Double notes are seldom 
written for this instrument, but passages of extreme 
rapidity can be performed with great effect. The 
actual compass of tbe different strings therefore is : 


FI 

I 

1 — n 


1 

1 1— t 

1 1 

1 — r ::ll 

to/ 

to 


1 — n 


(B) Mandolikbb are of two kinds: the Milanese 
and the Neapolitan, the latter being the more 
popular. The Milanese mandoline has five sets of 
double strings (that is, two strings tuned in unison 
to each note), thus- 


lat string 
2nd string 
8rd string 
4th string 

6tb string 


The Neapolitan mandoline has 
four sets of double strings, tuned 
to tlie same notes as the violin 
(</.?*.), and has a chromatic 
compass from 

JOl 

-CP" 

This instrument is played by 
plucking the strings with a 
; “plectrum,*’ generally made of 
! tortoisesludl. In Sir (itH)rge 
1 Grove’s Jiu'iimtary of Mugir 
\ and Musicians there ih jirinled 
a composition for this instru- 
ment by Beethoven, and Mozart 
uses it in bis Don Giovanni. 

Cliords of two, three, or four 
notes can be played this in- 
siruinent. 

The Quitab has six strings, tuned thus: 



P 




Iwt string 
,_J 2u[ll8trj?jg 
— 3rd Htring 
37. 4tk string 
"CP- &th string 
Stb string 


the notes sounding an octave lower than written. 
Tbe U>ne of the guitar is of very sweet quality. It 
is played with the fingers, and from the way chords 
and arpeggios can be effectively performed it is 
specially suited for voice accompaniment This in- 
stniment luis a fiat back. 

The BA^'JO has five, six, or seven strings, tuned 
respectively as follows : 


5th string 
1st string 
2nd string 
8nl string 
4tb string 


Five stringed 




I Six stringed 

1 



“Cr 


Sth string 
iflt string 


2nd string 
Srd string 
4th string 
6th string 


DonUeBass. Violoncello. Viola. Violin. 

(Sounding 8ve lower.) 

Ab remarked above, tbe double bass lowest mote 
varies. The note given as a crotchet is the ordinary 
orchestral upward compass of the second virgin. 
The illmtratiom of the violiny violas eelloy and 
double bass (Jigs. 8, 4, 5, fi) are to scale. 


Seven stringed 


I™ 

■O' 



7th string 
1st string 
2nd8tTij^ 
8rd string 
4th string 
5th string 
6tb string 


In America tbe tuning is a minor third lower. The 
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fiY6 fltrlng'ed is hy far the most popular. Its compass 
is from 


We • . 

jg. or^- 


including all the H 

semitones, sound- H 

ing an octave lower 

tlm the notes 

written. It is 

played either by 

plucking the 

strings like a gut- 

tar« or by striking 

them with the back 

of the nails. The JSSKB ll 

highest string 

(fifth, siicth, or 

seventh) is called HH|ppp 

the melody string, 

and is sometimes 

»t mth a -pick" 
made of ivory in< 
stead of the iiack of the 


Five Strikoed 
Banjo. 


thumbnail. 


can easily be played on this instrument. 



The harp is tuned in the key of (%, and has seven 
pedals, which raise their respective strings — ob* nb' 

either a tone or a semi- 
tone, at the will of the 

reason it is called the 

This double action was B I | 

Erard, and allows music B j|j| j 

sages, ^ unless in ^ery I ir 

three, ^ or four notes can 1 1| 1 1||| 

over an octave in cither I ]l|| | 
are used to pluck the Ml I 

(C) The PlANOPOBTB 

ning^of the second half 

mec 1 iate pred ecessor was 

the IIABPSICHOHP, the EraedHaep. 

string.s of Avhich weie plucked by a ‘♦quill.” This 
quill was set in motion by a wooden upright fixed 


The Zither consists of a sounding box strung string.s of Avhich weie plucked by a ♦♦quill” This 

with gut, silver wire, and copper strings. Five of quill was set in motion bv a wooden upriffht fixed 

these are on a finger board * ® 

tuned like the viola, ex- — - ■ ■ ^ ■ 

ccptlng that tlie first and 

second strings are tuned in . ■ ■ • ■ ■ - — ■ » „ .. n 

unison to A. The remain- I — 1 

ing strings are called ac- i ^ ^ ^ » 

companiraent strings, and l Kovbad ‘>^k1 \ k ( \ * “r Clavichord. 

vary in number It is X. Key bod, « Key. 3. Key fulcrum. 4. string. 5. Briias tangent. 

l>layed with the fingers of the right hand and with to the key. called a “jack.” The harpsichord was 

both tlmmbs; the right hand tliiimb wears a silver an improvt-d Spinet or Virginal. But the oldest 

ring, with which the five melody strings are struck. of this family of keyed stringed instruments was 

The Harp is by far the most important of stringed the Clavichord, which dates from the early part 

instruments played by the hand. It has a compass of the sixteenth century, and which was the 

favourite instrument played by J. S. Bach. The 



Fio. 2 .>-Kby Action or Zvmpb’s PiAMoroRTE. 


1* Key bed. 
3. Key. 


8. Key falcnmu 
4. String. 


5. Hammer. 

6. Hammer ahank. 


7. Hammer hioce. 

8. Sticker 


9. Damper. 

10. Bamper lifter. 




Bxpxjuiatiow Uphiort 
Aotxox. 

1. bed. ^ i 

2. BaMneeraU. 

8* Book baize. 

) 4k Frost pin aod baize. 

5. 

6. Balanoe mortice and pin. 

7. Prolong reffnlatingsorew. 

& Prolong. 

9. Under leTet. 

10. Sticker. 

11. Sticker spring and set off 

ami. 

12. Set off lYutton and rail. 

18. Uanimer butt. 

14. Notch. 

/23 15. Hammer centre. 
f 16. Hammer beam. 

17. Hammer ahank. 
iion IS. Hammer head. 

^ 10. Hammer felt. 

20. String. 

21. Beiietition spring. 

22. Check button. 

23. Check. 

24. Tape tie. 

25. Balance a|)ring. ^ 

26. Damiier lifter. 

27. Damper stick. 

28. Damper centre. 

20. Damper spring. 

30. Dainiter head. 

81. Damper fflt. 

82. Daiujier lifting bar 


Fio. 8 .— Key Actiok or a Broadwoop Upright, 


pUno, bringing ns to tbe two at pmaent in nM* tlm 
** upright** and ** grand.'* Bpaoe wlU not allpw nf 
going into the many indentions of such famous 
makers as Messrs. Backers, Stodart, Sebastian Shard, 
Bluthner, Fleyel, Oollord, Hopkiuson, Brinsmead, 
Stoinwaj, Beclistein, and John Broadwood de Bone* 
The last named firm have been the most intimately 
assotdated witli the development of this instrument 
in England since 1732. Fig. 1, is a reproduction of 
the action of the clavichord ; fig. 2, the action of 
Zumpe’s pianoforte, made in 1766 ; figs. 3 and i, the 
present (1904) action of one of Messra BroadwoocTs 
upright and grand pianofortes. The modem piano- 
forte has a chromatic compass from 

See 



The lowest eight notes (about) have one string only 
t(i each note ; the next two octaves (about) have two 
• strings, tuned in uni- 
_ son to each note ; and 
^ the remainder of the 

notes have three 
strings each, tuned in 
4 unison ; for this reason 

DUpKiGHt. it M knoTO as the 

“ trichord piano- 


pianoforte has gone through many changes In shape 
since its introduction. F'irst it was oblong; then 
square; then came a ** grand," which was of the 
shape of the liarpsichord ; then the upright, in- 
vented by John Isaac Hawkins in 1800, in which 
the strings extended above and below the keys; 
then came the ** cabinet,” followed by the ** cottage ’* 


forte. The strings are of steel wire, strung at very 
great tension (the total strain is from sixteen to 
thirty-two tons in a modern pianoforte), and are 
stnick by hammers covered with felt worked from 
the keys. To each string, or set of strings, a damper 
of felt is added, which rests, when the key is released, 
against the strings, thus “damping" them and 



Fic. Action of a Buoapwood Granh. 


Explanation 

1. Key bed. 9. Sticker centre. 

2. BaMnoe reU. 10. Set off arm. 

8. Back baize. 11. Set off button. 

4. Front pin and baize. 12. Sticker reet button. 

5. Rev. 18, Nc»tdi cuehion. 

6. Baiaaee pin and mortioe. 14. Haxniner fork. 

7. Pilot screw. 15, Haroiner centre. 

8. Sticker. 16. Harogier ebank. 


OF Grand Action. 

17. llanmterbead. 25. Carriage rail. 

18. Hiurizuer felt. 26. Cbeck. 

19. String. 27. Damper la;]. 

20. Beiietition lerer arm. 26. Damiier centre. 

21. Beiietition net off epring. 29. Damper lifter. 

22. Dropecrew, 80. Damper wire. 

28. Carriage. 81. I>aiu])erbead. 

24. Carriage centre. ' 82. Damper leH, 
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pwwlitigtihamlroinTilm When ibe dampen 
are above the point at which the bainmen strike 
the strings, it is known as the over*damper action ; 

. when below the point at which the hammer strikes 
the strings, as the tmder-damper action : this last 
is somewhat more quick in its action. Piano- 
lortes have two* or three pedals; if only two, 
that on the right is the snstaining pedal (popV 
larly bnt erroneously called the loud pedal), which 
when depressed by the foot causes the dampers 
to remain away from the strings, allowing the 
vibration of the strings to continue. Its use is 
denoted by the abbreviation “Ped.," and its re- 
lease is denoted by an asterisk. [It may here be 
pointed out that although the passage to be played 
is marked pianissimo, ** Peel.*' would still stand for 
the right (sustaining) pedal, and not the left.] The 
pedal on the left is indicated by the words una 
eorda^ which mean **one string.** This is brought 
about by the pedal shifting the action so that the 
hammers strike only one string instead of the three, 
the result being a diminution and remarkable differ- 
ence of tone in the sound power. In modern tri- 
chord pianofortes, however, this pedal only shifts 
the action so that the hammers strike two of the 
strings instead of the three. In some instruments, 
instead of the former action, a strip of felt is 
dropped between the hammers and the strings when 
the left pedal is depressed, giving a muf&ed tone to 
the sound; this is called a eeUsste pedal, A third 
action of this pedal shifts the hammers nearer the 
strings ; but the same result can as easily be attained 
by playing with less force. The release of the left 
pedal is indicated by the words ire eorde, “three 
strings.” On those instniments which have three 
fjedals, the middle one holds the dampers exactly as 
they are when put into use, i.e. allowing the vibra^ 
tion of those strings which liave the dampers off 
to continue, whilst damping the remainder of the 
strings so 
long as the 
pedal is kept 
depressed. 

The Dulci- 
MEE : A small 
instrument, in 
no part more 
than H ft., 

with a wooden ^ 

frame, and Dcmimeb. 

strung with from two to five wires in unison to each 
note. Its compass is from about 





each tnned in nnisoii. is, inlbd • good donl 
the Hmgarian bands. 

WXNB IKSTAUHBKTS are of fooT kinds: (1) Those 
played by means of a reed moutl^neoe, comprising the 
clarionets and saxophones (which have a single vibrat- 
ing reed), and the* oboe, oboe d’amoze, oor Anglaig 
or corno Inglese, the bassoon, the contra-bassoon 
(doable bassoon), and bagpipes, each having a doable 
vibrating reed. (2) Those played by means of a lateral 
mouthpiece, comprising the piccolo and flute, (fl) 
Those F^yed by means of a cup shaped mouthifleoe,^ 
comprising the French bom, trumpet, trodibone, 
comet, flugel horn, tenor horn or saxhorn, baritone, 
euphonium, and bombardon (the last six comprise 
the “ family ” of Saxhobns). (4) Those played by 
means of a keyboard, comprising the organ, har- 
monium, and concertina. The classification ** wood ^ 
and “ brass** has been avoided, firstly because instru- 
ments such as the flute, etc., though often made of 
wood, are also made of metal or ebonite ; and, 
secondly, because the saxophone, although a brass 
instrument, is played by means of a gnd so 

cannot strictly be classed in the same list as the 
trumpet, etc. In the first three classes of wind instru- 
ments the bore of some is cylindrical, that of others 
conical. Wfth regard to the material used in in- 
struments such as the flute, etc., it may be said that 
whilst it is more difficult to manufacture a “ true ** 
wooden instrument than one in metal, because of thc^ 
liability of tiie wood to alter by warping, in perform- 
ance the wooden one is more likely to remain true 
in pitch than the metal, owing to the effect produced 
by the heat of the breath. The variation is especially 
noticeable after a fairly long rest, unless the per- 
former takes the precaution to keep the instrument 
warm. The Single Kebd is made from a strip of 
cane, which beats or vibrates against the mouthpiece 
of the instrument. The Double Reed consists of 
two strips of cane fastened together. 

(1) The Clakionet or Clabinet ; An instrument 
of cylindrical bore ending in a bell, played by 
means of a single flat reed held by a doable 
band to the mouthpiece. This instrument 
has a greater length in comparison to the 
size of the bore than any other of the 
conveniently termed “ Wood wind ” family 
(flute, oboe, clarionet, and bassoon), and 
this gives it a register of nineteen chro- 
matic notes from 




zto: 




It is played by laying the instrument on a table or 
trestle and striking the wires with two hammers 
covered with leatlier, one in each hand. This instru- 
ment, being without dampers to stop the vibration 
of the wires, gives, especially in forte passages, a 
very confused combination of sounds. 

The Oi^HBALO or Czymbalo : A species of the 
dulcimer family, so called from its belMike quality 
of t^e. It has a oom;>ass of thirty-five notes. 
The lowest note has one strings the next fifteen 
notes have three strings each tuned in unison, and 
the 'remaining nineteen notes have four strings 


which is called “Chalumean**; this is of 
a different quality from the other registers. 

By using the same fingering and opening 
the hole at the top of the instrument, a 
new series of sounds, a perfect twelfth 
higher, is obtained. In orchestral music 

three clarionets are in use, vis, inC,iD Bb, 
and in A, but that in C is seldom used 
now, owing to its somewhat hard and ___ 
unsympathetic tone. In military bands 

the clarionet in and others described 
below are in use. With the exception of the dar* 
ionet in C, all these are transposing Instruments, 
i.s. the notes played are different from those written. 


Mtrs 
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For iudtfanoe, in a non-transposing instrument, like 
the clarionet in G, the note 



would sound exactly as written; whilst in trans- 
posing instruments, like the clarionet in A or the horn 
in F (jgfiH below), it would give the note by which the 
instrument is limown, /».</. 

Note ^fVTitten. Note sounded by Note aouiidod by 

Gliirionet in A. Horn in F. 

This necessitates the music being written in a key 
that allows for this transposition, and also prefixing 
a direction stating which instrument is to be used, as 

clarionet in A, or clarionet in Eb, etc. The trans- 
positions of the clarionets are : 

sb . . . . . 1 tone lower. 

A H tones lower. 

Eb tones higher. 

The full compass of the clarionet is from 



with all the semitones, the actual sound compass 
being as follows : Clarionet in C as given above ; 

clarionet in Bb 


-it 

Clarionet in A 


Clarionet in sb 



The instrument has from t hirteen to fifteen keys. The 
choice of instruments obviates the need of writing in 
keys with many sharps or flats. Besides the fore- 
going instruments, there are tenor clarionets in Eb 
and F, the former with an acUiul compass from 




bci- 




and the latter an actual compass one tone higher 
t hin the previous. Some makers add lour lower 


pass ( 
Both 


keys to these tenbr clarionets, carrying the compass 
down four more semitoned to the note given as a 
crotchet in the com- 

.88 of the tenor Eb* 
are transposing 

instruments, the Ef a 
m*ajor sixth lower, and 
the F a perfect fifth 
lower than the written . 
notes. This family is 
completed by the bass 

clarionet in which 
has a three* octave 
actual compass from 




itoz 



Trnoh axo Bass Ci.AHio.vFTa. 


jjei- 

Music for this instru- 
ment is written either 
in the bass clef with 
the actual notes, or in 
the treble clef in the 
key of C ; in the latter 
case it is a transposing instrument, sounding a major 
ninth lower than the notes written. 

The B-ASSbt IIobn {Comi di Batwtto) is a similar 
instrument to the tenor clarionet in F, with the 
addition of four lower keys, and has a written 
compass from 



‘cr 


It is a transposing instrument, sounding a perfect 
fifth lower, and possesses e fuller and finer tone than 
the clarionet. 

The Saxophone consists of a conical brass tube 
played by means of a 
single reed, and lias twenty 
keys. It was invented by 
M. Sax, a Belgian residing 
in Paris, about 1840. Its 



Saxophokes. 

SoFHANO. Alto. Tsiroa. Baeitow*. 
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tone reproduces something of the cello quality, and 
gives sustaining |>ower to the ** full brass.*’ It is 
used chiefly in military bands. We give illustrations 
of the four most frequently used saxophones, show- 
ing their relative sizes ; but in addition there are 

the sopianino saxophone in Eb, an octave higher 
than the alto in eI? (the alto is the favourite with 
saxophone soloists), and a bass saxophone in 

an octave lower than the tenor in ih ; they are, 
however, seldom used. Tlie following table gives 
the compass of the Instruments : 

Soprano in 

Aa wiittsn. Actual sounda. 

12- fe- 



A tone lower. 


quality of tone is more plaintive than the oboe, but 
in mechanism it is like that instrument. It is A 
transposing instrument (^tee Clabzokbt), being 
in A, a minor third lower than the notes written. 
Its compass is from 


ferrrpto — 

• -rx ' 

with all the semitones. Borne very fine wts 
were written for this instrument by J, S. 
Bach, and latterly the instrument has been 
reconstructed and used at the performances 
of the Bach Choir in London. 

Cor Anglais (Corno Inglesr) is to 
the oboe what the basset horn is to the 
clarionet (^.r.) It is a transposing instru- 
ment, being a fifth lower in the key of F. 
Its actual compass is from 


Alto ibElr 


Tenor in Bl? 

Baritone in Et^ 





A midor 6tb 

lower. 


A m^OT 9th 
lower. 


A m^or 18 th 
lower. 


It will thus be seen that all are transposing instru- 
ments {ue Clarionet) and music is always written 
in the treble clef. 

The Oboe: An instrument with a conical bore 
exceedingly small at the top. It has a 
delicate, refined, and plaintive tone, and is 
played by means of a double reed. It is I 

an octave instrument, higher notes being I 

obtained by octave keys. Its compass is # 

Ar even a third higher with all the semitones. jBa 
It has from fifteen to seventeen keys, and is JV 
a non-transposing instrument. The oboe is B 
essentially a melodic instrument, and, owing H 
to the difficulty in emitting the breath 
whilst playing, it is very necessary to give jH 
the player frequent rests. The best keys B 
are those with not more than three sharps H 
or flats in the signature. In the orchestra H 
the performers tune their several instrii- H 
ments to the A given out by the oboe. B 

Oboes are also made in Bb and I)b’ the II 

former transposing a tone down and the Itt 
latter a semitone up. The Oboe u’Amore 
. is a very similar instrument to the oboe. Its ohox. 


sounding 


The Bassoon (Fagotto) has, like the oboe (of 
which it is the bass), a double reed attached to a 
metal tube, cal’-id the crook, which is about 12 in. 
long. The crook is fitted in the instrument at 
(a) in the accompanying illustration, 
which shows the back and front of 
the bassoon. This instrument has a 
conical bore, and its internal length, 
with the crook, is a little over 8 ft. 

It has from seventeen to twenty- 
two keys. The instrument is sup- 
port e<i by a strap placed around the 
X>erfonner’s neck. It has a chromatic 
compass from 




(three octaves), and is a non-trans- 
posing instrument ; soloists even pla}- 
good toned notes up to the F above. 
Music for the bassoon is written in 
the F (bass) and C clefs, the latter 
on the fourth lino (tenor clef),' and 
almost any kind of passage can bo 
played effectively. 

The Ct)NTRA Bassoon (Contra 
Fagotto) or Double Bassoon is 
an octave lower in pitch than the 
bassoon, and it is curved four times 
for ea.se of handling. It is a little 
over 12 ft. in length internally, in- 
cluding the crook, and sounds an 
octave lower than the notes wntteny 
like the double bass. The fingering 
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is similar to the bassoon and the compass is 
from 


H 

nvith all the semitones 
soanding an octave 
below. A new double 
bassoon lias been in- 
tsodnced. It is made 
of brass, with a 
double reed resem- 
bling that of the bas- 
soon, but somewhat 
larger, and is claimed 
to be much simpler 
in fingering and easier 
of performance. 
The tone is soft in 
quality, although of 
great power, and its 
compass is from 

Xz 




Brass Doublf. Contra 

Bassoon. Bassoon. 

sounding an octave 

lower. Illustrations of both instruments are 
given. 

Thb Highlakd Bagpipe consists of a leathern 
windbag which is filJed by the performer through 
a valved tube, and three long tubes called 
drones and a smaller tube to which is fitted the 
chaunter. These .four tubes are all inserted in 
the windbag, and the drones are tiirowu over the 
shoulder, wiiile the chaunter tube is held iu the 
performer’s hand. The chaunter is fitted with 
a double reed, like the bassoon, whilst the 
three drones have single reeds of cane that in 
principle work very similarly to the organ reed. 
Tlie chaunter is conical in sba]^, with seven 
finger holes in front and one behind, having 
a compass of nine notes from 



The drones each produce a fised note according to 

the tuning 
used, which is 
either two in 
unison to 



and the other 
an octave 
lower; or to (1, 
Bioulanu Baopipe. A, D, 

The ornamental 

notes produced are called “ warblers,” The Ikish 
Bagpipe has a windbag inflated by means of a 


bellows worked by the arm. Its tone is softer, and 
it has a compass from 


-O. 



The drones are mounted all in one stock. This 
bagpipe is also called the Ukion Fifes. Besides 
the foregoing there are the Northumbrian and other 
bagpipes. 

(2) The Flute is a tube made of cocoa-wood, 
ebonite, or silver, with either a conical or a cylin- 
drical bore, and is played through a hole in the 
side about an inch from the head of the instrument. 
For this reason it was called Jtauto tmrersOf to dis- 
tinguish it from the flute a hec or direct flute, now 
represented by the flageolet, an instrument which is 
fast disappearing. In conical flutes the head (top 
joint) has a cylindrical bore, which gradually de- 
creases in size towards the end or foot joint. In 
cylindrical flutes the bore of the foot and body are 
i cylindrical, but it tapers towards the top in the head 
j joint. The flute has from about eight 
1 to twelve keys and a chromatic com- 
j pass from l 


(or even down to uf) ), but the two top 
notes are l»oth difficult and harsh. 

Many systems of fingering are in use, 
the principal being that of J3ohm (or 
Boehm), which allows of the more 
difficult keys being used with greater 
case, Boehm also, in place of the old 
plan of boring the holes to suit the 
fingers, substitut-ed (about 1834) a 
svstcin of inatheraaLically correct 
boring with special mechanism to suit 
this arrangement. The orchestral 
flute is a non-transposing instrument. 

There is also a flute in E*U (often 
spoken of as the third flute in F, but 

tuned in Eb ), which transposes a 
minor third higher (^st c Clakionet); 

also a flute in B*7 (which should be 
more appropriately called in A), trans- 
posing a minor sixth higher; and a 

flute in Eb (more appropriately in 

Db), transposing a semitone higher. 

The flute is able to play very rapid 
passages, and is assigned the highest 
part in orchestral music. J- oramary, 

'Jffie Ficcolo, or Octave FluTe, 
as its name implies, transposes an octavo higher 
than the notes written. Its compass is from 





including all the semitones, sounding an octave 
higher. The Boehm system has also been applied to 
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this instrament. There are also pic- 
colos in bI? and F, transposing respec- 
tively a minor second and minor third 
higher, and should more appropriately 

be termed in l>b and sb* 

(3) The French Horn: A brass 
instrameut of peculiar softness of 
quality, pljl^ed by means of a circular 
mouthpiece. In shape it is spiral with 
a bell-shaped ending, into which the 
hand can be inserted to obtain certain 
sounds called closed notes. This in- 
strument is played by means of dif- 
ferent emhouchv.res (different positions 
of the lips), which produce the series 
of natural harmonics. }ly means of 
“ crooks ” — smaller interchangeable 
tubing — it is possible to get the horn 
in any key. The compass of the horn 
in C is from 


— “ — Piccolos, 

1. Ordinary. 

2. Boe]uu.| 

sounding an octavo lower than written. 

All horns are transposing instruments. Clario- 
net. The following is a list, with the transpo- 
sitions : 

Horn in Bb alt. A major 2nd lower 
A A minor 3rd 

Ab A major 3rd 
(i A perfect. 4th 

V A pc-rfeot 5th Th,« crook. are 

A minor Gth I the moat effective 

vU 1 for both hand and 

hI7 A major hth ) ^alv# boms. 

I) A minor 7th 

C An octave ,, 

B basso A minor 0th ,, 


These crooks are 
the moat effective 
for both hand and 
valve boms. 


A major Otli „ 

Horns can al^ be * crooked ” in Cjb and I)b, thus 
giving a coriiplcto set. It may here be noted 
that music fer the horn is written in the treble 
clef, except for the lowest notes, w’hich are iiwwc- 
times written in the bass clef. \Vhen this latter clef 
is used, the notes are written an octave lower than 
they would be in the treble clef. c.g. 


would be 



written 



not 




^rom this it will be seen that the actual sounds of 
all horns above C are lower than the written notes 


when the treble clef is used, and 
higher when the bass clef is 
used ; whilst the horns in C, B 

basso, and Bb basso arc higher 
when the treble clef is used, 
and lower when the bass clef is 
used, excepting the horn in C, 
which is correct when the bass 
clef is used. Music for tbe 
bom is always written in the 
key of 0, prefixing which horn 
is to be used, e,g, Horn in D, 
Horn in F, etc.; and as most 



French Horn. 


orchestras have either two or four horns, these are 
generally in different keys, so as to enable a greater 
number of open notes to be used. Other notes than 
the harmonics can be obtained by inserting the baud 
into the “ bell ” ; these are called ” closed ” notes, and 
have a great difference in tone, being less brilliant. 
The following shows the notes obtainable on the 
band horn in F, the closed notes being written as 
crotchets, and those obtained by inserting the hand 
farther into the bell, and called double closed notes, 
are written as quavers : 

Written notes. 








(a) Thia note is bettcir when tiiken as a doable stopped note 
from tho tone alxjvo (i). 

* These four notes, says Berlioz in his Treaiiston Orckeatrationf 
are bad, dull notes. 

The los^ of a complete chromatic scale on this most in- 
teresting instrument led to tlie introduction of valves 
or ventils. This instrument is known as thO VALVE 
Horn. By pressing the finger on a valve, tt opens 
and thus icn^hens the tube. It has a distinct advan- 
tage over the hand horn ; for firstly it produces the 
.same tone and note.s as; the latter 
instrument if the valves are left 
untouched (.and composers, when- 
ever they wish a nott? U> he pl.ayed 
os on the linnd horn, have only ^ 1 'ylg!UL||l 
to mark the note or notes Unichie 
or by some other sign) ; and, 
secondly, it has a chromatic, scale ^ 
of even quality. To the valve 
born are attached three valves — 
ventils or pistons {see il lustra- \sV 
tion), the first finger lowering the ^ 
note a tone, the eeoond finger valv.Hobh. 
lowering it a .semitone, and the 
third finger lowering it a time and a half. These can 
bo used in combination, e.g. the first and third will 
lower a note two and a half tones. The following 
shows the notes obtainable with the fingering of 

tbe valve bom in Eb. The open notes are left 
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unfingered, and where more than one finger is put, 
these are to be used in combination. 


123 2.323 12 1 2 


— 1 


j. p, 


■ n 
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^ ^ Ifa- bsr i(cr 



13 1 2 

'Co- 

(e) ( 6 ) 


2 3 12 1 


(c) (6) (c) (i) 




\e*- 
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(c) ’( 6 ) 
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(6) (6) (c) ^6) 


<&) TheM notes, if marked houchSf^ can be played as stopped 
notes, and those marked (c) as double stopped notes, as on the 
hand horn. 

The actual sonnds are a major sixth lower than 
those written. The French horn is one of the most 
difficult of wind instruments, and it is advisable in 
writing orciiestral inusi('> to limit the compass of the 
first bom by not going below 



"Cr 


and by not going above ^ 


for the second horn. It is only necessary to add 
that the horns in D and C exceed the compass given 
above by five semitones, going to 

-6>- 

whilst those in b!?, A, A^, 
and G do not go above 

a/ 

and that in bI> basso only has a compass from 


— 

The Tenor Cor may be termed ‘^the amateur’s 
French born.” It has a mouthpiece of the saxhorn 
type, and is conical from the mouthpiece. It is very 
much easier to play than the French horn. In shape 
it is similar to the Frencli horn, but it is held in 
the reverse manner, the right band fingers being on 
the pistons and the left ^nd holding the l)ell. Its 
compa.H 3 is the same as the French horn. 

Trumpet (Tromba) : The trumpet is a cylindrical 
brass instrument curved and ending in a “ bell.” It 
is played by means of a cup-shaped mouthpiece, 
shallower than that used in the cornet, and has a 
brilliant, penetrating tone. Like the horn, the sounds 
produced by means of different positions of the 
lips, called embouohures, arc the natural har- 
monics. To increase these harmonics V crooks ” (see 




Horn) are added, thereby giving the series from 
difierent foundation notes. The crooks in use are the 

F, E, sb, D, C, and Bb, With the exception of the 
C crook all these are transposing instruments (ue 

Clarionet), those ifi F, E, sb, and D sounding 
higher, and those in vh and A a tone and a tone* and 
a half lower respectively than the no^s written. 
The notes obtainable on the D and Db trumpets are : 

(a) («) ic) 



& 


the actual sounds being a tone and a semitone 
higher respectively. The note marked (a) cannot 

be obtained on the C, Bb, and A 
crooks, nor those marked (c) on the 

F, E, and Eb crooks, except by very 
accomplished players. The F$ is 
obtained by somewhat overblowing 
the naturally too sharp F, which 
therefore is omitted. This limited 
series of notes accounts for the use 
the great masters made of this instru- 
ment, rir. chiefly for rhythmical ef- 
fects. Bach and Handel wrote their 
trumpet parts, using notes up to 


or even higher ; but with the present 
mouthpiece these notes are extremely 
difficult of production. To meet tins 
difficulty and avoid the deplorable 
custom of siibsLituthig cornets for 
trom^jets, Mes>rs. Mahillor* & Co,, of 
London, have constructed a new 
instrument with a speMal mouthpiece, Valve Trumpet. 
which they have called a “ Sopraiiino 
I’nimpet in Upper D,” and which enables these 
highest notes to be produced witli comparative ease. 

Trumpets are also constructed in upper Bb, with the 

same fingering as the comet in Bb, and aic exten- 
sively used in Taris, Bru.ssels, Berlin, etc. Unlike the 
hojn, the trumpet bell will not allow of the hand l>eing 
inserted for closed notes. To increase the usefulness 
of the trumpet, valves have been added*, as in the 
case of the horn, and the natural trumpet has bee# 
completely superseded by the VALVE Tkumpbt, 
which becomes a melodic as well as a rhythmical 
instrument, having a complete chromatic scale 
throughout the compass shown above for the natural 
trumpet. These valves are exphiined above in the 
horn. Modern composers write for the val ve trumpet, 
atj<l use chiefly the most effective crook^, v!e. F, E, 

and Eb, the first of these being most used. Besides 
this instrument, there is also a slide trumpet, but 
its intonation is not so certain. The effect of the 
slide is explained under Trombone. Music for the 
trumjxjt is written in the key of C and in the treble 
clef, <iirection.s being prefixed as to which crooks are 
to be used, e.g. Trumpet in F. Wagner used trumiHsts 
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in sb basso and in D and C basso. This trumpet in 
sb basso has a chromatic compass from 



sounding 





and by extra crooking those in D and C basso are 
obtained. 

The TbOMBONb consists of a twice bent tube with 
a bell shaped ending, made in the middle in such 
a manner that the slide (outer section) can move on 
the inner section. Like the French horn, the notes 
obtainable are the natural harmonics, and by ex- 
tending the slide (which is held in the player’s right 
hand) to the different positions, this set of harmonics 
can be repeated in different degrees, each a semitone 
below the other. Below are given the harmonics pro- 
duced in the first and second positions of the tenor 
trombone ; the remaining five positions can easily be 
foiind by transposing the scries of harmonics a semi- 
tone lower for each position. 


llarmomcs prcKluced iu firet (or ** home ’*) position. 



Bannonics produced m second position. 


— 

— t"- 

1 rZT' 1 Tte 


Q - ^ 

rvjr-- 


In the first four positions a note an octave lower 
than the first given above can be produced. These 
notes are called pedal notes. There are three trom- 



Besides the slide trombones, there _ 

are the valve trombones, which have • 

the same compass respectively, and are easier to 
learn. Tromlxmes are largely used in the orchestra 
on account of their beautiful effect in both piam 
and fortt passages, the tone being noble and rich ; 


splendid examples can be found in MendelS8ohn'$ 
scorea Trombones are non-transposing instrum^ta, 
and the music is written in the alto, tenor, and bass 
clefs respectively. 

SaxHOBNB:— T hb Cornet: Abrass 
instrument with a cup shaped mouth- 
piece ; it has three valves, working as 
in the valve French horn (^.v.) The 
tone is less brilliant than that of the 
trumpet, and its execution less difficult. 

The cornet may be called the treble of 
the saxhorn family. When trumpets 
cannot be obtained the comet is nsed 

as a substitute. Comets in sb and 
A are generally used, but by using Ookmet. 
crooks other keys are obtainable. 

With the exception of that in C, comets are trans- 
posing instruments {f^e CLARIONET), soundUng lower 
than the written notes. It has a chromatic compass 
from 

(written notes) 




There is also a soprano cornet in Eb, transposing a 
minor third higher. Music for the comet is always 
written in the treble clef. For finger 
ing ^ee Flugel Horn. 

The Flugel Horn is treated the 
same as tbe cornet; but it has a 
much larger bore, being more like the 
bugle. Its compass is the same as 

the comet. It is made in sb , having 
three valves. The following is the 
fingering on the fiugel horn, and, the 
compass being the same on the two 
following instruments, the fingering f&ucbl Horn. 
on those (as well as the cornet) is 
identical. The notes in semibreves are open notes, 
and the last three notes should be sparingly used : 
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The flugel bom is a transposing instrument 
(jtee Clarionet), the actual notes being a tone 
below. 
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The Saxhobn or Tenob Hokn in Eli? is the next of 
the saxliorn family. Its compass is a perfect fifth 
below that of the flugcl horn. The 
saxhorn is used in combination ^\dth 
or as a substitute for the E’rench 
horn, but the latter instrument is 
decidedly finer in tone. Besides the 

E ^ there is an F crook. Both are 
transposing instruments Clar- 
ionet), the actual notes being a 
major sixth and perfect fiftli below 
respectively. The fingering is given 
above. Set’ E'lugel Horn. 

The Baritone in IP is the next, 
of the saxhorn fauiil}’. Its compass Saxfiorn or’I’enor 
i.s an octave below the fiugel horn. Horn in h!?. 

It IS a transposing instrument 

Clarionet), the actual notes being a major ninth 

below. Tlie fingering is given above. See Flugel 

Horn. 

The Euphonium is a bni.ss instrument, usually 
with four valves, belonging to 
the saxhorn family. It is the 
bass soloist of the military 
band, having taken the pl.aco 
of the ophicleide, which in its 
turn took the place of the ser- 
pent. It is a no 11 -transposing 
instrument, and has a cliio- 
matic compass of three octaves, 
from 





liAKl U'NE. 


Beside.s the shape given in the illustration, there is a 
circular euphonium. Music i.s written in the bass 
clef. The valves, as explained above i ii valve horn, 
lower the pitch of the open notes, which on this 
instrument are 

hm- 



as follows : Elrst, a tone ; sc(;ond, a .semitone ; third, 
one and a half tones ; f.mrth, two and a half tones, 
(Abroad the tiurd valve low<iis tlu? jiitch two tones.) 
By using the four valves togethf r the pitch is lowi-rcd 
five and a half tones. It 
will thus be seen that by 
using the four valves this 
note 


will give 


the second note in the 
chromatic compass of the 
euphonium. 

The Tenor Tuben and 



E(.f’IiONlUU. 


the Bass Tuben are brass instruments, partly cylin- 
drical and having a longer and narrower bore than 
the euphonium : the tenor 

is in Bb and the bass in 
F, and each has four 
valves. The compass of 
the tuben is from 





Dombarix>n is BB^. 


the tenor sounding a 
major second lower, and 
the bass a perfect fifth 
lower than the written 
notes. The tuben may 
be said to have been 
invented by Wagner, 
who used them in his 
works; for in.^ance, in 
the Tratter-inarsch in 
t h c frdtte rdd m m #•'/*?/ ng. 

Bombardon, the low- 
est of the saxhorns, is of 
two shapes : one like the enph(mium, but Larger ; the 
other circular, encircling tlie body and resting on the 
shoulder of tlic performer. They have mostly three 
valves (occasionally one with four valvc.^ is found), 

and arc of two pitches, the fib and the Hllb. These, 
with the stringed double bas.ses, are the lowest 
instruments in the military 
band. The chromatic com- 
pass of the bombardon is 
from 


those with four valves going 
down to fib three octaves. 

and of the BBb bombardon 
from 



Hva bassa 



New MoitEi. 
CiRcui. A u Bom ua rdok. 


'J’he music is written in the bass clef, boinliardons 
being non-tran.sposing instruments. The Bass Tuua 
is a species of bombardon having a noble tone. It 
is a non-traiisj)osing instrument, and has the largest 
compass of orchestral instruments, viz, from 


.to; 


=J: 


or even descending to a fourth below. Music for the 
bass tuba is written in the bass clef. The illv^stra- 
tions of the cor 7 iet^ flugel horn, tenor hnrn m 

A’*** haritone in /Ab, euphojiium, and homhardon 
slum' the relative sizes of the saxhtyms. 
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(4) The Obgak : This is by far the most important 
of wind instruments played by means of a key- 
board, and only a very brief description of the various 
parts of the construction can be given. The accom- 
panying illustration (fig. 1) shows the several parts 
leading from key to pipe. At the back of the key 
(1) is inserted an upright rod called a sticker (2), 
running up through one end of a lever or backfall 
(3) ; the other end of this lever falls when the key is 
depressed, pulling down the tracker (4), which is fixed 
to one arm (5) of 


the roller. Holl- 
ers are used to 
reach the pallets, 
which are gener- 
ally out of the 
vertical line of 
the action from 
the keys. Tliey 
consist of metal 
rods turning on 
pins and having 
a short arm at 
each (Uid (fig. 2). 
The tracker from 
the backfall is 
fitted to one arm, 
and to the other 
arm is fitted tlie 
pull down wire 
(G), which is 
moved when the 
tracker gives the 
roller the neces- 
sary movomont, 
Tlie pull down 
wire o])ens the 
pallet (7), allow- 
ing the wind to 
pass from the 
wind chest (JS)to 
tlie grooves (0) in 
the sound board, 
over which the 
pipes stand. The 
pallet is supplied 
wdth a spring 
(10) to close it 
immediately the 
key is released, 
and so restore 
the action to its 



original position. 
Besides rollers, 
ifjfinreit of wood 
or brass are used 
for carrying the 
action from key 
to pallet. In 
addition to the 
foregoing action, 
winch is called 
the Teackbb 
Action, there is 
the Pneumatic 


1. Key. 

2. Sticker. 

3. Backf&ll. 

4. I’nicker. 

5. Poller amis. 

6. Pnll down wire. 

7. Pullet. 

S. Wind cheat. 

0. Onwvea. 

10. Pallet spring. 

11. Sound board. 

12. Sliders. 


13. Table. 

Upiwt board. 

Ifi. Pijje rjick. 

K’l. Reed piiio. 

17. Stojipccl wood 

piIHJ. 

IS. Open metal 
pipe. 

10, Coniey.mco tak- 
ing wind to 
)upos on differ- 
ent level. 


Lever Action, which sometimes 


is applied. to the whole of the keys, and at other 
times only to the lowest octave. Tiiis consists 
of a small bellows attached to the pull down and 
pallet, which is filled by compres.‘%ed air when the 
key is played, thereby opening the pallet, and is 
emptied when the key is released, allowing the pallet 
to close. This action is much lighter to the touch 


than the tracker. A third action is the T0BT7LAB 
Pneitmatio Action, which does away with the use 
of trackers — tubes oonnecti^ the key and the small 
bellows under the pallet. !&e wind is admitted to 
this tube when the key is depressed, and carried to a 
small circular chamber covered by a disc of leather 
called a “ pufCer.” This puffer, being lifted by the 
wind, operates a small pneumatic bellows connected 
with the sound board pallet. When the key is 
released the reverse action takes place, thus allow- 
ing the pallet to close. A fourth action is the 
Electro-Pneumatic. In this action, instead of 
the pulse of compressed air through the long tube, 
electricity is uwid. By depressing the key contact 
i.s formed, and the current passes through a small 
electro-magnet, which, attracting an armature, opens 
the valve that operates the pneumatic action. With 
these two last actions the Console (consisting of 
the manuals, pedals, draw stops, accessories, etc.) 
can be carried to a distance from the instrument 
propfir, allowing the organist to judge better the 
effect produced by the organ. The accomj>anying 
illustration (fig. 3) shows the console of an electro- 
pneumatic organ built in 18ft8 by Messrs. J. W. 
Walker Sc Sons, London, the cable on the left con- 
necting to qrgan. The upper part of the wind chest 
is called the SOUND Board (II, fig. 1). Each set 
of pi]>es is known as a Stop, and is brought into 
action by a draw stop being drawn out. This in turn 
draws into position the corresponding Slider (12). 
The draw stops are placed at the right and left of the 
console, each bearing its name (it should also bear 
the pitch) on the knob. The slider, or slide, i.s a 
pc^rf orated flat strip of hard wood which covers and 
uncovers the holes in the upper surface of the board 
above the channels of the sound board, called a 
Table (13), and below the Upper 
Board (14), which supports the pipes. 

This upper board is also perforated with 
corresponding holes. By drawing the 
draw stop the slider is drawn into such 
a position that the holes in the table, 
slider, and upper board are over each 
other, thus allowing the wind to pass 
to the pipes wlien tlic pallets are Fro. 2. 
opened. When the draw stop is in, the 
slider shuts off the wind between the g’ 
table and upper board. Should the 3] Roiieramis 
wind from some defect be not properly 4. Pull dowu 
.shut off from the pipe, this is 
known as a Ciphering. The pipes are jdaced 
as a rule in succession a tone apart, having the 
two largest pipes at the two ends of the sound 
board, the position being; Bass end, C, D, E, 

Gfr Ajt. C, etc. ; treble end, DJ. F, G, A, B, cg, 
etc., so working towards the centre with the smallest 
pil^es placed there. The pipes are hold in position 
by a framework placed a few inches above the upper 
board, known as the Pipe Hack (lo). The Bellows 
are the lungs of the organ, and consi.st of (a) the 
Feeders, which are operated by the blowing handle, 
(If) a Bottom Board perforated with holes, through 
which the air, compressed by the feeders, passes 
into (fl) the Reservoir, which is kept filled by the 
feeders. The holes in tlie bottom board are covered 
by leather pallets, which prevent the air vetnrning 
into the feeders from the reservoir. From the 
reservoir of the bellows the wind is taken either 
direct or through intenuediiite reservoirs to the wind 
chest of the sound board by wind trunks, which are 
ducts of wood or zinc. The reservoir is weighted 
so that the wind supplied to the pipes may be 
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compressed. The pressure 
varies in different organs, 
2^ to 4 in. being the most 
nsua] when onJj one pres- 
sure is used; but ^any 
organs have the reeds and 
other portions of the 6toi>s 
on varying pressures, even 
up to 25 in. The Manuals 
are the sets of keyboards 
played by the hands, 
and are placed one above 
the other, but somewhat 
overlapping. St^e fig. 3. 
In organs with only one 
manual, that manual is 
called the Great Organ 
{ffauptwerk^ in German ; 
Grande Orff ue^ in French), 
and the pi^s of the great 
are of large scale and full 
tone. If there are two 
manuals, the lower is the 
great and the upper the 
Swell Organ (Oberrverit, 
German; Hreitati/fYTench). 
In the swell, all the pipes 
acted on are in a box 
which is fitted with Venetian 
shutters. These shutters 
are opened and closed by 
means of a swell pedal 
fixed above the pedals, thus 



f iving a crescendo and 

ccrescendo in the tone. These pipes arc of smaller The draw stops of each organ are generally arranged 
scale, and several are of the reed class. In three- in the following groups: 


manusd organs the third manual is placed beneath ^ 

the two former and is called the Choir Oboan Bidb of Console. Bight Side of Console. 


German ; Positif^ French) ; these pipes are 
of a soft character, and are intended for accompany- 
ing the choir in the softer passages. In four-manual 
organs we find, above the former three mentioned, 
the 6olo Organ, having chiefly pipes of a solo 
character ; whilst above tins solo organ a fifth manual 
is sometimes placed, called the Echo Organ, tiie 
pipes of which are of a delicate nature and placed 
in a swell box. Besides these keyboards there is on 
all organs another keyboard played by tbe feet, anrl 
called the Pedals. See fig. 3. In the pedal organ are 
pipes forming a bass suitable to the different manual 
stops, and of lower tone. The pedal keyboard is either 
radiating, concave, raduiting and concave, or concave 
and straight. The pedals generally consist of thirty 
notes, corresponding to the lowest thirty notes of the 
xnanuaLs, and as tbe foundation tone of the pedals 
is 16 ft., these notes are spoken of as CCO to F. 
The compass of the manuals varies from fifty-six 


Swell organ. Solo organ. 

Pedal organ. Great organ. 

Couplers. Choir organ. 

Speaking stops are divided into Foundation, Muta- 
tion, Compound, and Beeds. Some of the most 
usually found are: 

Foundation Stops (Manual). 

16 ft. tone, i.c\ sounding an octave lotver. 

Double oi)en diapason . Metal ; open. 

Contra gamba . . . Metal ; open, slotted. 

Double stopped diapason . Wood ; stopped. 
[Stopped pipes are those having a plug in the top 
(see fig. 5), and being of only one-half the length of 
an open pipe, yet give the same sound as the open 
pipe.] 



8 ft, tone, i.e, somding the same pitch as a 
pianoforte. 

Open diapason . . Metal ; open. 

Violin diapason or) Metal; oinm, small scale, 
G eigen principal j stringy. 

Horn diapason . . Metal ; open, reedy. 

Gamba . . . Metal ; open, slotted, reedy. 

Echo gamba . A small scale ^amba. 

Keraulophon . . Metal ; a species of gamba. 

Salcional (salicional) Metal ; open, small scale. 
Dulciana . . . Metal ; ojjen, very small scale. 

Bohr flute. . . Metal; stopped with a hole 

in the stopper. 

Stopped diapason , Woofl ; stopp^. 
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Lieblich gedaot Wood; “sweet" toned and 
stopped, 

Olarabella . . Wood ; open. 

Hohl flute . . Wood ; open. 

4 ft, tane^ iuf, founding an octave higher. 

Principal . Metal; open. 

Oennshorn . Metal; open. 

Harmonic flute Metal ; of 8 ft. length with a 

hole midway, cauRing sound 
to be of 4 ft. pitc-h. 

Lieblich flute Wood or metal ; “ bweet ” flute. 

Wald flute Wood ; a specie.s of olarabella. 

%ft. tone, i.e. founding two octares higher 

Fifteenth . . . Metal ; open. 

Piccolo . . Metal or wood ; open. 

Flautina Metal; a st)ecies of fifteenth. 

Mutation stops are those which give a different 
sound than octaves and doubles to that played, such 
as the Twelfth, which is of metal, and sounds the 
twelfth note above. tV»mponnd stops are those 
which have more than one pipe to each key, such 
as the Mixture of different r.anks- iSee MIXTURE. 
All the above stops are called the Fluework. The 
late Hr. E. J. Hopkins suys: “All organ slops in 
which tlie sound is produced by the wind passing 
through a flue or windw.ay and striking against an 
edge above, belong to the fluework, whatever rmiy be ( 
the sbax)e, make, or tone of their pipes ” (Sir George 
Grove's Dictionary of Music and Musicianf). The I 
accompanying illustration (fig. 4) .shows a metal 



Fio. 4. I'lo. b. 


pipe and a sectional view of the same ; flg. 5 shows 
a stopped wooden pipe and a sectional view of the 
same. The Reeds are the Double Trumpet, Trombone, 
and Contra fagotto of 16 ft. tone; the Trumpet, 
Posaune, Cornopean, Horn, Oboe, (Uarionet of 8 ft. 
tone ; and 'the Clarion of 4 ft. tone. Wit h the exception 
of the three 16 ft. reeds, 'which are made of metal or 
wood, those are all metal pipes. The accompanying 
illustmtion (fig. 6) shows a I'eed pipe with and 
without the “boot." In the Town Hall, Sydney 
(N.S.W.), organ, which is the largest in the world. 


having 6 manuals with 
stops on the great, 

24 on the swell, 20 on 
the choir, 20 on the solo, 

8 on the echo, and 26 on ^ 

the pedal, besides 14 

couplers, there is on the 

pedal organ a unique 

64 ft. reed (oontra 

trombone), the longest 

tongue being 2 ft. This . i 

organ contains 10,250 i / J 

pipes, weighs 100 tons, ^ ^ 

and was built by . / \ / 

Messrs. W. Hill & fcJon, \ / \ / 

London. Besides the \ / \ ■ i 

above stops, there are \ j \ I 

the vox angelica, which ^ 

consists of two ranks pn 

of pipes of the dulciaua j | 3! 

type, one of which is j j p/ 

tuned sharper or flatter 1 [ ^ISb / 

than the other ; the voix I *e 

celestes, or unda niar if, j • Jh a* 

which consists of two J j I fl * 

ranks of the gamba I 1 1 /I / 

type tuned like the vox I I 

angelica. The vox hu- . I \ ^* 

mana is a reed of very y / \ / 

small length, capped, y 

and is always used with ^ 

the tremiilant. The ^ hollowed bn®, .hd 
tremulant acts on the Alightlr curved ‘‘tongue.’* 
supply of wind in such (t) Wwlge. 
a manner to die- Tumng «pd“5* 

turb the steady supply, ^ ^ 

causing a throbbing sensation. Tremulants are of 
many patterns. 

The Principal Pedal Organ Stops are; 

Of 32 ft. tone, i.e. sounding two octaves below. 
Contra trombone (reed) WocmI or metal. 

Double open diapa.son . . Wood or metal. 

Sub- bass or sub-bourdon . Wood (16 ft. stopped). 

Of\%ft. tone. 

Trombone or posaune (reed) Wood or metal. 

Open diapason , . Wood or metal. 

Violone .... Metal (small scale). 
Bourdon .... Wood (8 ft. stoppeid). 

Of Sft, tone. 

Trumpet (reed) . . . Metal. 

Violoncello .... Metal. 

Principal .... Metal or wood. 

Flute Wood (or 4 ft. stopped). 

Of 4 ft. tone. 

Viola or fifteenth . . Metal. 


Viola or fifteenth 


On some organs, instead of thirty pipes to each 
stop, an extra octave, making forty-two pipes, is 
placed to each stop, and an octave coupler 
added, thus giving a “duplication” of each stop 
in the octave above at the same time. Another 
and better plan is to have the forty-two pipes 
with a separate dmw stop to each, one acting on 
the lower thirty pipes and the other on the upper 
thirty pipes — e.g, bourdon, 16 ft. ; flute, 8 ft. In the 
former case tlie lowest note on the pedals would 
open the pallet of the lowest pirn, whilst in the 
latter the lowest note on the pedal would open the 
pallet of the octave above, and the highest octave 
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of the peilals would call into use the extra twelve 
pipes. The accompanying illustration (flg. 7) shows 
the lower portion of a pedal open 
diapason pipe (wood). The ACCES- 
BOKY (Non-Spbaicing) STOPS are 
mechanical contrivances for con- 
necting the different manuals, such 
as swell to great, swell to choir, solo 
to great, and cause the corresponding 
notes of the coupled manual to speak 
when those notes are played on the 
manual to which it is coupled. There 
are also octavo (super-octave) and 
sub-octave couplers, which make the 
note an octave above or below respec- 
tively speak at the same time as the 
note is depressed. Pedal coui)lcrs 
connect the pedals and manual, and 
are called great to pedal, choir to 
pedal, swell to pedal, solo to pedal. 

Composition Pedals consist of iron 
pedals placed o\er, but clear of, the pedal board. 
By varying forms of mechanism these control the 
stops of the organ, i,e. throw them out or in, or 
out and in, in set combinations. A recent me- 
chanical contrivance enables the organist to arrange 
the combinations of stops drawn by the composi- 
tion pedals at the keyboard. This is known as 
“interciiangeable coiui)inaiion.” Because those 
composition pedals, when set, not only throw out 
the arranged set of draw stops, but at the same 
time throw in all other stojis on the manual to 
which the pedal belongs, they are known as 
** double-acting,” Coiiiijosition pedals are generally 
arranged in progressive order from left to rigid.: 
(1)/?; (2 )w/; (3)/; (4)/"; tho.se over the lower 
half of the pedal board acting on the swell organ, 
those over the upper half acting on the great organ. 
In some organ.s, instead of composition pedals, vcriiils 
are used, which, until drawn, cut off the wind from 
certain stops, whether the draw stop is in or f>ut. 
Pneumatic Pistons are also placed between the 
manuals (fig. 3) to alter the stops, and have the 
same effect as composition pedals. When pistons 
are used some of the compo.sition pedals usually act 
on the pedal organ stops. Occasionally a crescendo 
or sforzando po<lal i.s arPlc'd, wliich, without altering 
the slops, brings on the w’hole of the power of the 
instrument, either gradually or suddenly, as required. 
In the Ilope-Jones electric organ con.sole, stop keys 
arc placed over the top manual, w hich wdien depressed 
arc brought into action, and when raised are thrown 
out of action. These stop keys are distingiiis]iai)le 
by different colours. The nmienclature of the .stoj).s, 
too, is different. The stop keys take the place of 
draw stops, the latter V>eing entirely done away wdth. 
Second Touch — somew'hat similar to the double 
touch in a Mustel organ (//.v.) —is also introduced. 
Fuller information on tlu* subject can be obtained 
in The Organ : Its History and f-onstrncHon 
(Hopkins k Rimbault) ; The Art of Organ Building 
(Audsley). 

The IlABMONiUM : This is the most modern of 
keyed instruments, dating from about 1840 (the 
Aniericati organ, w'hich may be said to be a modified 
harmonium, was introduced aV)out twenty years 
later). The harmonium is supplied with cornpres.sed 
wind from a reservoir, which is fitted with a strong 
spring to resist the expansion caused by the wind 
supplied to it by feeders worked by the feet 
of the performer, which are placed on treadles 



(pedals). The reservoir spring takes the place 
of the weights on the organ reservoir. A safety 
valve in the shape of a pallet is placed in the 
reservoir to minimise over blowing. Above the 
reservoir is the wind chest, covered by the bellows 
lx>ard, containing valves, which permit the wind to 
reach the different sets of reeds as the stops are 
drawn. The reeds are tongues of brass of various 
thicknesses and lengtlis, screwed at one end to a 
metal plate, with apertures over which the tongues 
vibrate without entindy closing the aperture ; hence 
they are called Fbee Reeds, whilst those in 
the organ arc STRIKING IlEEDS. The apertures 
are closed by pallets held down by springs, and 
connected by levers to the keys. When the key is 
played the pallet is opened, and allows the wind, 
when a stop is drawn, to ]:>ass through the reed 
a[>erture at an even pressure, unless a stop called 
tlic ** Expression ” i.s drawn, which allows the wind 
to come direct from the feeders. The performer in 
this case is able to increase or decrease the sound 
acjcording to the amount of wind supplied by the 
feet to the feeders. The harmonium has a compass 
of five octaves, from 

-Q. 





whilst that of the American organ is a perfect fifth 
lower : 

P- 





The American Organ differs chiefly from the 
harmonium in having the wind drawn in through 
the reed apertures, whilst in the latter instrument 
it is blown out. The tone of the former is less harsh 
than tliat of the liarniomum. which has a more 
characteri.stic tone and greeter advantage-s. Har- 
moniums vary very much in the number of stops. 
These are plao^nl in three groups ; those on the left 
consisting of sounding and mechanical stops acting 
on the keys below 



those on the right likewise consist of sounding and 
mechanical s^,o[)S acting on the keys from and above 
tiiis note ; those in the centre group arc meclianical 
.stops only. The two groups of sounding stoj)s are 
generally similarly numbered, showing which are 
complementary stops, giving the same quality and 
})itcb throughout the entire keyboard. Borne of the 
most generally found are : 

Left hand. Bight hand. Pitch. 

Cor Anglais, 1 . Flute, 1 8ft. tone. See 

Organ. 

Bourdon, 2. Clarionet, 2 , 16 ft. tone. 

Clarion, 3. Fifre or Fife, 3, 4 ft, tone. 

Bassoon, 4. Oboe, 4 ... 8 ft. tone 

(reedy). 
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The above is a harmonium with four “ sets" of reeds. 
Other stops are : Harpe eoVienne^ 2 ft. tone, which 
consists of two half sets of reeds slightly out of 
tune with each other, producing a waving tone and 
acting on the lower half of the instrument. Voix 
eeleste, 16 ft. or 8 ft. tone, consisting of two lialf 
sets of reeds slightly out of tune with each other. 
Musette^ 16 ft. tone (reedy). Barytone^ 32 ft. tone, 
somewluit like the muBctte, These last three stops 
act on the upper half of the instrument. The 
MBC£g&.KiCAL Stops are : The fortes, which o]>cn 
shutters above ti>e reed box, allowing more sound 
to escape from wliichever half happens to be drawn. 
Sourdine^ which shuts ofE part of the wind on the 
lower half of the keys, thus giving a softer tone. 
Tremolo, which sets up an unsteady supply of wind. 
The Peromsions, which call into ])lay a somewhat 
similar action to that of the pianoforte, a siiuill 
hammer striking the Cor Anglais and lliite reeds at 
the moment the key is played, thereby giving an 
emphasis to the tone. Grand Jr«,(full organ), which 
when drawn calls into action all the reeds, except the 
voix eeleste harpe eoUenne, thus giving the iull 
power of the instrument. Bxpressiim, the nn)st im- 
portant of the mechanical stops, has Jjoen explained 
above, and give.s the performer iniiiicnse opjior- 
tuiiities of bringing out the light and .sha<le of this 
much neglected instrument. DitTcn nl couplers are 
also found, and have much the siiitic cfl’cct as tlie 
couplers on the organ. The re.suli oluainablc is 
plnced (»n the stop label of each. * Under the keys 
knee l«.*vcrs are often fixed. That on the right, 
wlien prt'sscd outwards, opens a swell producing a 
crescendo, whilst that on the left brings into action 
the (fraud jen. Sometimes the levers are the reverse 
of the foregoing, at other times each lover at^ts as a 
crc-cendo on its respective half of the in«>truinent. 
When there is only one lever it is generally in the 
middle of the instrument, and brings (Ui the grand jev 
when pressed to the right, a S})ririg allowing it to 
re(‘Mvor when the knee is wdthdiawn. The har- 
monium has the great advantage of keeping longer 
in tune than eiliuT the organ or pianoforte, and 
deteriorates very sJowdy, and deserves much greater 
attention being paid to it as a solo instrument. An 
account of the harmonium would be incomplete 
without a few words concerning the instrument 
brotight to such w'ondcrful pcM-fcctiou by M. Mustcl, 
and bearing his name, “ The Mustel organ." On this 
instrument the peicus.siou is brought to a state of 
perh'Ct iuii, allowing the most rapitl music to be jw- 
formod, and giving tJiat clTcct to the stops which 
“ lipping " docs to wind instruments. To these organs 
is also added a metaphone, which consists of throe 
Venetian shutters placed immediately over the sound 
openings of Nos. 3, 4, mmett-e, harpe eoliennc, and 
haryttmx reeds, softening and refining luo.st of the 
stops. The metaphones are t»laced one at imeh end of 
the stops. 'J'he double expression acts on Nos. 3, 4, 
musette, harpe eolienne, and barytone admitting an 
extra pressure of wind. Tlii.s and the expression 
stops should always be kept out, as the softest tone 
is instantaneously expres.sed. Double touch conMsts 
of a mechanical arrangement w I licli, when the keys 
are pressed about a tliird of the distance dow'^n, 
causes the Nos. 3 and 4 reeds to speak, and 
when the key is further pressed dowm, Nos. 1 and 2 
reeds also speak. This, it will easily be seen, allow's 
of prominence being given to certain notes only. 

The English Conceetina was invented by Sir 
Charles Wheatstone (the inventor of the electric 
telegraph) about 1827. It is an expansible instru- 


ment, having a keyboard at each end with the 
bellows between. The wind from the bellows passes 
through apertures, causing free reeds to vibrate when a 
key is pressed. Concertinas are made in different sizes, 
shapes, and pitch. The treble has from 48 to 64 keys, 
the compass of one with 56 keys being either from 

Bve 

-o- 

V - ■■■- 

- 

— iJ 

or four octaves from 



with all the semitones. The following illustration 
shows the position of the kt'VK and the sound pro- 
duced by each in the 56 keyed instrument : 
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The position of the keys in kept the same in all the 
family of concertinas. The baritone compass is from 



the bass compass is from 





and that of the double bass concertina from 
-o- __ 

— zitozm: 


All these can be made with double action, i.e. pro- 
ducing the same note from the key, whether the 
bellow^’s bo compressed or drawn out ; but ir is more 
usual for the bass 
and double bass 
to have a single 
action. 

A now instru- 
ment of the same 
family has boon 
brought; out b}* 

Messrs. Wheat - 
stone & Co., 
called the 3 ]ola. 

It is octagonal 
in shape and of 
remarkably jmre 
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tone. The compass of the different ssolas and the 
fingering are exactly the same as in the corresjMnd- 
iDg concertina. The best reeds are of highly 
tempered steel. Concertinas and esolas are now 
tun^on the equal temperament system, like other* 
kc^yed instruments, and both brilliant scale passages 
and chords can be easily performed. A great quantity 
of music has been composed for this instrument, 
which is capable of producing combined snstained 
and staccato passages and giving fine effects of 
expression. A quartette of concertinas or aeohis have 
between them nearly as extended a compass as a 
piauofoi'te. 


Instruments op Percussion are of two kinds : 
(a) Those, giving a definite sound, ctimprlsing the 
kettle drums or tympani, the glockenspiel, the key 
harmonica, and handbells. (B) Those giving an 
indefinite sound, and used 
only for marking the rhythm, 
comprising the &iss drum,t ho 
side drum, the tambourine, 
the cymbals, and the triangle. 

(A) The Kettle Drums 
or Tympani are the most 
important of the percus> 
sion instruments, and con> 
sist of a metal shell, hemi- 
spherical iu shape, w’ith a 
head of vellum, held tightly 
in position by an iron ring, 
to which are attached screws 
to tighten or relax* the 
vellum, thus tuning to any note within its compass. 
In the orchestra two or mure drums arc used, the 
larger having a chromatic compa.ss from 



Kbtile Drum. 



the medium from 



and the smaller a chromatic compass from 


or 




Tba vellum bead is struck by a 
flexible w'ooden drumstick with 
ends of felt or sf)onge. It is usual 
now to write the actual notes to be 
played on the bass stave, but 
omitting the sharps or flats. The 
correct tuning, however, must be 
shown in the directions given at the 
beginning of, or during, the piece 
to be performed. Formerly the 
notation was always in the key of C. 

The Glockenspiel or Caril- 
lon is an instrument consist- 
ing of plates of steel, played by 
striking with beaters or by hammers set in 
motion by an action similar to .the pianoforte. 



OLOCKEKSPIEt 
AND Beater. 


Originally a set of balls instead of steel plates were 
used. Its compass is from about 



including all the semitones. The illustrations show 
a glockenspiel with beater and one with pianoforte 
action. « 

The Key Harmonica is similar to the glocken- 



GLOC'KENSriEa OR CaRILLON WITH PIANOFORTE ACTIOW. 

spiel, but the notes consist of plates of glass. Its 
compass is from about 





Handbells are hollow instruments made of metal, 
consisting of copper and tin, with at times small 
quantities of zinc, lea<i, silver, and antimony, struck 
by a clapper within, properly pegged to facilitate 
ring] ng. They are t uned to t)ie chromatic scale, au» I a 
setmiigcs from 15 (two octaves) to 50 (four octaves). 

(n) The Hass Drum is a large cylinder with a skin 
head at each erwl, held in position by hoops. Those 
skinsaretigljteiifd by means of an endless cord passing 
round the instrument from hoop to hoop, and drawn 



Bass Ducm. Side Drum. 


together bv leather braces. It is played by striking 
either or Ixjth hefuls with a wooden drumstick, the 
head of which consists of a scries of layers of thick 
felt in tlie shape of a ball. 

The fSiDB Drum is a wooden or brass cylinder with 
a skin head at each end, as in the bass drum. It is 
played bystrikingtho upper head, called the “batter,” 
vrith two wooden drumsticks, the heads of which are 
uncovered. Across and outside the lower head parses a 
piece of gut called the “snare,’* four or more times 
across. When the upper head is beaten by the drum- 
stick, the air in the cylinder is forced against the 
lower head, thus causing the snare to vibrate on tlie 
lower head, and give a sharp, crisp sound. 
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The Tamboubinb : A wooden hoop with only one 
head of vellnm, with metal ** jingles " in pairs in- 
serted at intervals round the hoop, which rattle when 
the instrument is shaken or played. There are two 
ways of playing the tambourine— one by striking it 
with the band, the^ther by rubbing the vellum with 
the thumb or finger. 



TAUfiOUBlNB. GtUBALS. 


The Cymbals: A pair of thin metal plates, 
somewhat of the shape of plate covers, which the 
player holds by a strap of leather running through 
the centre, one in each hand. They should be played 
by sliding one s^inst the other, but not infrequently 

although decidedly detrimental to tlie tone — one 
is fastened to the bass drum 
and the other held by the 
drummer in his left hand, and 
struck against it whilst play- 
ing the drum with the right 
hand. 

The Tbianole: A rod of 
steel in the shape of a triangle, 
but with one angle not joined. 

It is played by striking it with Triakolb and Bzatkr. 
a steel ** beater.” 

The division of the musical instruments into 
orchestral and military is .shown under Kcorb 
A drum and fife band j^nerally consists of F piccolos, 

Bb flutes, third flutes, side drums, bass drum, triangle, 
with the addition at times of cymbals, half the 

number in the band idaying hb flutes. — W, W. 

Muiioal Interral. See Interval. 

Musical Ornaments. See Ornaments (Mcsic). 

Musk (JSdol.) An aromatic substance secreted in 
a glandular sac on the alxlomcn of the Musk Deer 
(MoscJtftw moachi/era'), a native of the Himalayas and 
Central Asia. 

Musket (Arms). See Musquet. 

Mttsketoon (Arms). A rather short form of 
musquet (jr.v.), with a wide bore ; often bell- 
mouthed. 

Musquet (Arm^). A matchlock gun wliich suc- 
ceeded the arquebus as a liand gun in the latter 
half of the sixtcentii century, and was fired from 
the shoulder. 

Mustard ^Botany). Tlio Cruciferous plants Brnu- 
gica mgra (Black Mustard) and B. alha (White 
Mustard) yield the condiment, which consists of tlie 
ground seeds. Both species are common to Central 
and flouthera Europe, Jind are also found in Southern 
Britain. 

Mustard Oils {Chem.) The esters of isothiocyanic 
acid, OSNH. The most important of these is allyl 
isothiocyanate, CBN . CHj , CH : CH„ a colourless 
liquid having a very pungent smell, which causea 
tears ; it blisters the skin ; boils at Boiled 

with hydrochloric acid or heated with water at 200®, 
it yields allylamine. 

CSNC,Hfi + 2H,0 - CO, SH, + CJI^NH^ 

It is prepoied by distilling allyl iodide with an 



alcoholic solution of potassium thiocyanate. The 
natural oil of mustard is nearly pure allyl isothio^ 
eyanate. It is obtained from black mustard seeds, 
which are freed from oil by pressure, and mads into 
a ^te with water; now an aqueous extract of 
white mustard seeds is added. The black mustard 
seeds contain a gluooside called potassium myronate 
and also myrosiu, an enzyme which hydrolyses the 
glucoside; the aqueous extract of white mustard 
seeds also contains myrosin. The reactioh is:, 

C,oH,8KN8,0,o - CSNC,H5 + KHBO, + C,H„0, 

PotaBaiiim Mjronate GlaooM. 

(8itHi?rin). 

White mustard seeds contain the glucoside sinalbin, 
which is hydrolysed by the enzyme myrosin as 
follows : . ' * 


C^H^N,S.p„ - CSNCH.Cj,H*OH -f- 

ParaoxybenzyliBoihiooTanftto 
(Sinalbin Mustard Oil). 

+ C„H,.NOiH80,. 

Sinapine Balpbata. 

Sinapine is a compound of choline and hy- 
droxy-4-dimethoxy-3 : 5-cinnamic acid. 


HO 


OCH, 

C CH 

oQo 


.CH:CH.OOOH. 


Mutation Btopa 

organ which give a 


C CH 
OGH, 

(^Musie). Those stops in an 
differerft note (not octaves or 
doubles) froni that played. See ORGAN. 

Mute (^Musie). An instrument for deadening the 
sound in musical instruments. In the 
violin family it is made of different 
materials, and of various shapes, and is 
slotted in order that it can be fixed on 
the bridge ; in the pianoforte tlie soft 
pedal .acts as a mute. See BORDINI. 

Brass instruiuentii are muted by a kind 
of leathern pear in.-^erted into the bell, 
or by an additional 
valve which directs 
the column of air into 
a special bell, which 




has in its centre 
chamber formed of 
two reversed cones 
with a small outlet 
at one end. The OoaawMow. 

sound, being turned into the two reversed cones, comes 
out from the small aperture in a muted maimer. 

Mutual Induction ( Ktect.) The passage of lines of 
force through one circuit due to a current flowing 
through a second circuit. If a unit current flowing 
in one circuit causes I linc.s of ft)r(’e to pass through 
w turns of the second circuit, then ^ x 7 ^ is called 
the Coefficient of Mutual Induction of the 
two circuits, and is denoted by M. Its value is the 
same whichever circuit the unit current flows in. 


Mutule (Architect.) A projecting block worked 
on the soflit of the corona of the Greek, and some- 
times of the Roman, Doric entablature. A number 
of guttaj are usually worked on the underside of 
each mutule. In Greek w^ork there is usually a 
mutule over each triglyph and metope, the width of 
the mutule being equal to that of the triglyph ; but 
in the Roman Doric order the mutules over the 
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metopes are omitted. See DOBic Ordbr, Zmtabla- 
TUBE, and ABCHITEC'TUKE, OSDBBa DF. 

Hauled (Her.) Wheu au animal, e.g. a bear, ie 
muzzled ; if the muzzle is of a different colonr it must 
be given. 

Hyrobalui (Botany), The astringent fruits of 
Terminalia chshula and T, heUrica (order, Com» 
hretacets)^ trees growing in the mountainous districts 
of India. The fruit, which is a juicele&s drupe, is 
extensively used in tanning and dyeing, and to some 
extent in medicine. 

Myrrh {Botany). A gum resin obtained by exuda- 
tion from the stem of a spiny shrub Balmmodendron 
myrrha (order, Buneracect). It is imported from 
Abyssinia tfnd Arabia. Used in medioine and as an 
aromatic. 

Myrtle. See Woods. 


H {Meet.) (1) The symbol for North or for the 
north seeking pole of a magnet. (2) A symbol often 
used for the magnetic flux (q.v.) 

n (Elect.) A symbol often used for Frequency 

(?•«■•) 

Nadir (Astron.) A point or, more correctly, a 
direction immediately beneath the observer, and 
opposite to the zenith (q.v.) 

Na^agite (Min.) A tclluride and sulphide of 
lead and gold. Also called black tellurium : ortho- 
rhombic, It usually contains some antimony, and 
the gold varies from 6 to 12 per cent. It is a dark 
lead grey sectile mineral. From Transylvania. 

Haiant {Her.) A fish swimming straight across 
the field. 

Nail Head {Architect.) A Norman moulding 
enricliod with a series of pyramidal forms resembling 
nail heads. 

NaisBant or iBsaant {Her.) An animal rising or 
issuing from the middle of an ordinary. 

Naked Eye {Astrmi.) When an object is observed 
without any aid, such as glasses, it is said to be 
observed with the naked eye. 

Naked Floor {Carp, and Join.) The floor joists 
without the boards. 

Naked Forme {Typog.) A form that has been 
stripped of its furniture (g'.r.) preparatory to distri- 
buting the type, or one around which the furniture 
has not yet been placed. 

NaoB {Architect.) Sec Cell. 

Nap {Teadile Mamifae.) A heavy cloth of the 
frieze character used fer overcoating- ; but the naps 
or curls of fibres are more dense than in the frieze. 
Sec Napping. 

Naphtha {Cltem.) A term originally applied to 
rock oil, that is, oil issuing from the earth ; then it 
was applied to fractions of these oils boiling up to 
170®, or about that. Now it is applied at random 
to mixtures of hydrocarbons and other compounds 
from the most varied sources; e.g. bone naphtha 
from bone oil, solvent naphtha from wood tar, 
mineral naphtha from petroleum. 


Naphthalene {Chem.) 


CN CM 



A white solid which crystallises in plates ; melts al 
80®; boils at 218°; readily volatilises; distils in 
steam ; insoluble in water ; soluble in all the ordinary 
organic solvents, such as iihiohol, ether, benzene, 
toluene, acetic acid. It has a chara(*teristic snjell, 
and is a valuable antiseptic, and is vtjiy objection- 
able to many insects — hence its use in preserving 
clothes and skins from the ravages of moths, etc. 
Technically it is used in the prei)aration of many 
dy^es, e.g. Congo red, indigo, and many others {see 
under the various naphthalene derivatives) ; in in- 
creasing the illuminating i>owcr of coal gas, as in the 
albo carbon light, where coal gas is made to pass 
over melted nai)htlialene, and uf water gas. It is 
obtained from coal tar, which (contains 8 to 10 per 
cent, of it : for the method see Gas Manub'ACTUKE. 
Naphthalene derivatives have been synthesised from 
benzene derivatives by method.s which show that 
nay>hthalene must have the constitution given in the 
above formula ; e.g. if benzaldehyde is heated with 
sodium succinate and acetic anhydride, at 125% 
Fhenyl IsocitoTONic AciD and Phenyl Pabaconio 
Acid are obtained : these can be separated by carbon 
disulphide, in which tlic former is soluble. 

CH 

HC C.01I = f,^]I.CHg 

HCk^CII HO.OC 

IK' 

P’henyl ffK>ori)toiiic Add. 

CH 

nc 

HC GlI 

CH 

Fbeny] Par.acoziic Acid (tbiH acid really forms the lactone^ 
The former cm long bailing with water gives 
a-NAPHTHOL — 



The formula given for naphthalene above is the one 
which will be used in d€»scribing the naphthalene 
derivatives : it does not account for the fourth com- 
bining unit of each of the carbon atoms. Two 
forraulai are in use for this purpo.se : 
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The latter is known as the Centbic Fobmula. In 
tunning naphthalene derivatives the carbon atoms 
are numbered as shown : 


chlorhydrin with an alkali gives tetrahydro- 
naphtbyleneoxide corresponding to ethyleneoxide. 
The glycol on oxidation with chromic add gives 
orthophneylenediacetic add — 



Other systems are in use ; (1) The atoms 
numbered 1, 4, 5, 8 arc often denoted by 
the letter a, and when it is desiretl to 
distinguish between them they are de- 
noted respectively by a„ ^ a,, a^. The 
atoms numbered 2, 3, (>, 7 nrc often denoted 
by tlie letter /8, and when it is desired to 
distinguish between tlieni they arc denoted 
respectively by ft, ft, ft. (2) Tlie 
atoms ], 2, 8, 4 are numbered as above, 
but the atoms 8, 7, G, 5 are numbered 
respectively 1*, 2*, 8', 4*. On this system 
1:8 dinitronaplithaiene would be 1:1* dinitro- 
naphthalene. (3) The 1 : 8 di-derivatives are often 
called peri-derivatives ; so also tlie 4 : 5. which are 
similarJy situated to the 1 : 8. Peri-derivatives 
behave like ortho-derivatives, i.e, like 1:2 or 2:3 
derivatives, A glance at the formula for naphthalene 
will show that mono-substitution products can exist 
in two forms, an a-form or a /3-torm. Thus if one 
hydrogen be replaced by a hydroxyl group we shall 
get one compound called a-naphthol if the hydroxyl 
group takes any of the positions 1, 4, 5, 8, for all these 
are similarly situated; and we shall get another 
compoimd called /J-naplithol if the hydroxyl group 
takes any of tlie positions 2, 3, 0, 7, for all these are 
similarly .‘jituated. It will also be seen that ten 
di-derivatives are possible when the substituting 
group is the same— that is to say, there are ten 
dihyclroxyuaphthalenes ; but there are fourteen if the 
substituting groups arc different — there w'ould be 
fourteen hydruxynai)hthylaniineB, OjoHeOHNIIo. In its 
chemical behaviour naphthalene bears considerable 
rcsemhlance to benzene : it forms a<hlition products 
with hydrogen, tuldition products and substitution 
products with chlorine and bromine; it can be 
nitrated and suljihonated like benzene. Homolugues 
can be prepared by the methods of Fittig and Friedcl 
and Crafts iq.v,) Its substitution products behave 
in general like those of benzene, but the substituents 
are more easily removed. The more imjKjrtant 
addition products and the halogen substitution 
products will bo briefly described here, the remaining 
substitution products separately. Naphthalene can 
unite with two, four, six, eight, ton, or twelve 
hydrogen atoms, but only two of tlicse need be 
mentioned. Diiiydkonaphthalene — 



is a solid ; melts at 15® ; boils at 212®. It resembles 
ethylene in its chemical propcrt,ies to a remarkable 
extent. Like ethylene it forms a dibromide by direct 
union with bromine, and the dibromide is hydrolysed 
by potassium carbonate to a substance like glycol- 
orthohydronaphthyleneglycol. The latter yields a 
chlorhydrin with hydrochloric acid, and the 


The dihydronaphthalene is obtained by redaction of 
a boiling solution of naphthalene in alcohol by sodium. 
Tbtbahydbonaphthalknb — 



is an oil whic;h turns brown in air ; boils at 206® ; is 
obtained by a'^VUng sodium to a solution of naphtha- 
lene in isoamyl alcohol. Naphthalene Tbtba- 

CHLOEIDE— 

CII CIICI 

IICVxj^CHO 

CH CHCl 

Crystallises in prisms, melts at 1B2®, and sublimes at 
225® ; soluble in benzene ; when oxidised with strong 
nitric acid, it gives phthalic acid. It is obtained by 
passing chlorine into a chloroform solution of 
naphthalene, or by treating the latter with potassium 
chlorate and strong hydrochloric acid. tt-CHLOB- 
KapiiTHALExic, CjoITyCi, is a liquid which boils at 
26.'?'^. It is i^btairied by leading chlorine into boiling 
naphthalene, and by the action of phosphorus 
pcntacliloridc on a-uitronaphthalene or on a-naphtha- 
lene sulplionic acid ; also liy the diazo-reaction from 
a-naphthylamine. ftOHLOENAPHTHALENK melts at 
57°, and boils at 2(55®. It is obtained by the action 
of phosphorus pentachloride ou the ftnitro and 
sulphonic acid derivatives, and by the diazo-reaction 
from ftnaphthylamine. All the ten dlchlor- 
naphthalenes arc known. Naphthalene Nitbo 

DBEIVATIVES, a-NlTHONAPHTlIALENE— 



Crystallises in yellow needles ; melts at 61° ; boils at 
304®. On- reduction 4t yields a-naphthylamine. On 
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oxidation with Miromic aciil in acetic acid it yields 
vicinal nitro-phthalio acid 



It id obtained by acting on naphthalene (5 parts) with 
a mixture of nitric acid (4 parts) and sulphuric acid 
(16 parts) at 40 to 50"^, or by shaking naphthalene 
with nitric acid in the cold from lime to time during 
three weeks, and cr^’stallLsiug the product from 
alcohol. /5 -Nitbonap‘hthalene— 


CH CN 



Crystallises in yellow needles ; melts at 79^ ; is 
volatile in steam; readily soluble in alcohol. It is 
obtained by treating /S-diazonaplithalciie nitrite from 
^naphthylamine, t^ith precipitated cuprous f)xidc. 
1 : 6 dinitrenaphthalene ; yellow needles ; melts at 
21(y®. To obtain it 100 grs. of naphthalene and 
310 cc. of nitric acid are allowed to stand for twenty* 
four hours. Then 160 cc. of sulphuric acid arc ad<led, 
iijnd the mixture heated on a water bath for a day. 
The acid is poured off, residue washed and dried and 
extracted with carbon disulphide, then repeatedly 
extracted with acetone to separate 1 : 8 dinitio- 
naphthalcne. It is now crystallised from xylene. 
For its use ws Kaphthylaminbs and Nafhtha- 
QUINONBS. 

Naphthalene fiulphonic Acids ) a-naph- 

thalene sulphonic acid — 



♦ ’ 

A crystalline deliqucbcent solid ; melts at 85 to SO*^. 

wdth sulphuric acid, it is transformed to 
iiapntha(lGi^-/3-snlpl)onio acid; heated with hydio- 
chloric acid^at 200 , it is resolved into naphthalene and 
eulphuric acid. On fusion with caustic soda it yields 
a-na^hthol ; its sodium salt with phosphorus penta- 
Chloride gives the chloride ’1 (MP6f)®). It Is 

prepared by heating naphthalene with its own weurht 
of sulphuric acid at 9(r for about three hours. The 
product is poured into water, sej^rated from un- 
changirl naphthalene, neutralised with chalk, filtered 
and concentrated, when calcium naphtlialone-/S" 
sulfihonate sej^iirates. The mother liquor gives the 
calcium salt of the a«acid on further concentration. 
The acid is set free by addition of sulphunc acid. 
j3-Naphthalene sulx)honic acirl— 



Crystallises in plates ; not deliquescent ; melts 
101'* ; not decomposed at 200° by hydrochloric acid. 
Ite sodium salt with phosphorus pentachloride gives 
trie acid chloride CiqH^SC.G! (ll P7G®) ; fused with 
caustic soda it gives ^-napiithol. It is prepared 
heating naphthalene with its own weight of suK 
phurio acid at 180° for six hours; the product is 
poured into water, and on adding salt the sodium 
salt separates. The fiee acid can be obtained by 
making the calcium salt instead of the sodium salt 
and decomposing it by sulphuric acid* The acid can 
be hydrolysed by distilling in superheated steam with 
dilute sulphuric acid at 135°. When the sodium salt 
of this acid is further sulphonated, it jields the 1 : 8 
disulphonic acid. The 1 ^5 disulphonic acid is ob- 
tained from na))hthaleno Q part) and fuming 
sulplmric acid containing .30 per cent., SO, (4 parts), 
at a low temperature. The 2:6 disulphonic acid 
is obtained fioiii naiihlhalene and sulphuric acid 
(1 to 5) at 180° for twenty-four hours. Tlie disul* 
phonic acid*^, which cannot bo obtained by direct 
sulphoiiatiun, aro obtained from the naplithylamine 
sulphonic acids. These acids are largely used in the 
preparation of other najihthalene derivatives. For 
instance, wdicn the a-acid is nitrated and then 
reduced, a mixture of 1 : S-a-nnphthylamine sulphonic 
acid and the 1 : 5 acid is obtained, and these can be 
separated by means of their sodium salts, the salt of 
the former beiug much less soluble in water than that 
of the latter. 

Naphthaquinones ) a-Vnphthaquinone-- 



A yellow crystalline solid ; melts at 126°, but begins 
to sublime below 100° ; charactcrisiic quinone smell j 
readilj soluble in alcohol, etlicr, boii/.cnoj distils 
in steam. It is prepared by oxidising a solution ut 
naphtlialeiie in glacial acetic acid by chromic acid in 
80 per cent, acetic acid 1 1 c mixture is left for tliree 
days, during wliich it is shuxeii from time to time,; 
the naplithaquinone sepanites on addition of water, 
and is cr} stallised from petroleum ether. It is also 
obtained by oxidation of a-naphtbylamine by potas- 
sium dicb* ornate and dilute sulphuric acid in the 
cold. On leduclion with zinc and hyilrocliloric acid 
it give.s 1. 4 dihydroxy naph tlialcnc ; on oxidation 
with nitric acid it gives plithalic acid; forms addition 
products with one molecular proportion of bromine 
or chlorine, wdiiidi readily lose halogen acid : 

/co-rn /co-OHiir 

CcH/ II 1 -> 

\CO - CH NCO - CH Br 

>co-cnr 

c.n/ I . 

XCO-CH 

With primary amines substitution products are formed 
on heating, r.p, w'itli aniline 2-anilido-a-naphtha- 
quinone, C,oIl 50 .^NlICJl 5 , which is red; with hydroxyl- 


OH 


amine it forms a-nibro.so-a-naphthol, 


CO 


NOH 

with phenyl hydrazine it gives a hydrasone. Juglono 
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(jr.i?.) is S-bydroxy-tt-naphtliaquinone. Naphthazarin 
is 5 : 6-dihydroxy-fl»«iiaphthaquinone. It is a lustrous 
brown crystalline (needles) solid, which sublimes on 
heating ; soluble in alcohol and glacial acetic acid ; 
dissolves in strong sulphuric acid with a red colour, 
and in alkalis with a blue colour. Its sodium bisul- 
phite compoimd is used as a black dye. Alizarine 
Black* It is prepared by heating 1 : 5 dinitro- 
naphthalene with concentrated sulphuric acid, and 
adding zinc from time to time ; then the product is 
diluted with water and filtered. Tlic naphthazarine, 
which separates on cooling, is purified by solution in 
alkali and precipitation with acid. It is also pre- 
pared by electrolysing the mixture of 1 : 8 and 1 : 5 
dinitronaphthalcnes obtained on direct nitration of the 
hydrocarbon in strong sulphuric acid at VMf, pouring 
the product into water at 0“ filtering, and boiling 
for an hour 79,406). /S-naphthaquinone, 



Red needles; decomposes at 115 to 120®; no smell ; 
not volatile in steam ; soluble in ak-ohol, ether, 
ac€*tic acid, benzene. It is prcpaml by oxidising 
a solution of a-amido-y'3“nai)hthol^ hydroclilori<le in 
solution in water containing some sulphurous acid 
by means of ferric chloride solution ; the quinonc 
separates, and it is washed and dried. The a-amido- 
/S-naphtbol is obtained from ^S-naphthol by action of 
nitrons acid, which gives a.nilro.so-/S-nap!ithol, and 
tlie latter on reduction with ammonium sulphide 
gives a-niiiido-j3-naphth(il. Many of its reactions 
arc similar to those of a-iiaphlhaquinone ; e.g, on 
reduction it gives 1 : 2 diliydroxyiiaphthalene : on 
oxidation it gives phthalic acid ; it adds hn>mine 
and chlorine in tlic .samh way; beliavcs in Ibc same 
way towards hvdroxylaiuine and phenylhydrazine. 

Naphthoic Acids (f'V^m.) These are the nax>h- 
thaleiio analogues of benzoic acid. o-NArilTHOIC 
Acid crystallises in white 
micdlcs; melts at 162®; 
sX>aTingly solul>le in water ; 
soluble in alcohol ; heated 
with soda lime, it gives 
naphthalene ; on nitration 
it yields a mixture of the 1 ; 

5 and 1 : 8 nitro-a-naphtlioic 
acids; on oxidation with 
chromic acid in glacial dh naphthoic .Ac-id 
acetic acid, it gives phthalic 

acid. It is obtained by hj’drolvMs of its nitrile, and 
the latter can be obtained by distilling sodium 
napbthalehe-a-sulphonate with potassium cyanide or 
ferrocyanide. It is also obtained fusing potassium 
naphthalene - a - sulphonate with sodium formate. 
^-Naphthoic Acid ; white needles ; melts at 185° ; 
sparingly soluble in water ; 
very soluble in alcohol ; 
reactions with soda lime 
and chromic acid are the 
same as the a-acid ; on 
nitration it yields five 
nitro-/9-napbthoic acids. It 
is obtained by hydrolysis 
of its nitrile, and the latter 
is formed from the sodium 




/S-Bulphonate just as with the a-acid. Both acids 
yield hydroxy-acid-s, which are analogous to the 
hydroxy-benzoic acids. These hydroxy-acids can be 
obtained by heating the sodiurh salt of the two 
naphthols in carbon dioxide, just as salicylic add is 
obtained from the sodium salt of phenol. From the 
so<lium salt of , /3-napbthol treated with carbon 
dioxide at 120° to 145°, the carboxyl group enters at 
position 1 ; but at 200° to 250° the carboxyl group 
enters at position 3. This last acid has a yellow 
colour, and on this account this formula has been 
suggested for it : 



Tlie acids (OH-1 : COOH-2) : (OH-2;COOn-l) : 
(OH — 2 : OOOIl — 3) all colour ferric chloride solution 
blue. Both naphthoic acids on reduction with 
sodium amalgam give dihydronaphthoic acids, the 
hydrogen entering the substituted ring. When tlie 
reduction is effected in the cold, labile forms are 
obtained which pass on warming with caustic soda 
{lartly into more stable forms : 




HC 


Naphthol Black. Scf Dyes and Dtdino. 

Naphthols. a-NAPiiTHOL : u lute shining needles ; 
melt.s at 94° ; boils at 279° ; smells like phenol ; readily 
soluble in ahrohol, ether, ben- 
zene ; sparingly soluble in 
water ; volatile in steam. It 
can be obtained by the diazo- 
rcaction f rom a-naphthylaniiue, 
but is obtained on the large 
scale by heating sodium naph- 
thalene - a - sulphonate with 
caustic soda, acidifying the 
product and distilling. Its 
synthesis is given under naphthalene. With caustic 
soda the hydroxyl hydrogen is replaced by sodium, 
giving sodium na^ditholatc ; with ferric chloride 
it gives a violet precipitate of dinaphthol; yields 
a nilroso-comjKnind (g.v.) with nitrous acid ; on 
reduction with sodium and amyl alcohol it forms 
ar-tetrabydro-a-naphthol (gee under Naphthyla- 
MINES), which melts at 69°. On miration it gives the 
dinitro-a-nnphthol, OHl : 2 : 4, which resembles 
picric acid. The sodium salt Is the yellow dye 
Martins yellow, also qplled naphthol yellow. 


CH CH 

0( naphthol. 
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^-JsAi'HTffOL : white shining scales; melts ai 122'’; 
boils at 2.S6%* smells like 
plienol; readily soluble in 
alcohol, ether, benzene, hot 
water; soluble in olive oil 
(1 in 8); powerful antiseptic, 
and is on this account used 
in medicine. Obtained like 
a-naphthol,iising^-naphthyl- 
amlnc or sodium najihtha- 
Icne-jS-Milphonate. heads 
with caustic soda like a-naphthol; also with ferric 
chloride, but the coloration is green : also with 
nitrous acid : on reduction with so<liuin and amyl 
alcohol it yields ac- an<l ar-tetrahydro-/i-na}diihoi ; 
the former hoils at 2tvl°, and the latter iiiells at 5.^^ 
and boils at 27")^ Ilotli uaphthols furm ethers. The 
)3-naphthol methyl and ethyl ethers — 



^napKthol 




are obtained by heating /^-naplithol with nu^thsl and 
ethyl alcohol, a.s the case may be, ami concentrated 
sulphuric acid at 125°, They are ])oth used in making 
perfumes: the former smells like neroli oil (tlie oil 
from dowers of tlie bitter and sweet orange) ; the 
latter, also knoNMn as llromelia. ha.'s an acacia-like 
smell. l*oth naphtliols combine with diazo-com- 
ponuds : rt-naphihol takes on the diazo-com]>ound 
at position -1, or, if tliis is occupied, at position 2, 
while /3-iiaphth(d takes it on at position 1, or, if this 
is occupied, at po.-'ition 3. JMau}' of these azo- 
compounds are d>os. Kxampios; grr Fast Kkd 
( hoCELLiNE) find Fast Buowx under Napiithyl- 
AMIXES; here the diazo-com])ound is that of napli- 
thionic acid. iliL'niiiCH Scarlet is obtained from 
/3-uapbtliol anil ajuidoazobeuzene di&uljdionic acid; 

/'SO,.<).Va 

it i.s NaO(>,SC„U, . X = X , C,II, \ 


Both naphtliols yield a large number of .«!ul phonic 
acids, which arc used in making dyo^. a-na]»hthol- 
sulphonic acid, XW (1 : 4), Is obtained by diazotising 
naphthionic acid and boiling uith ililute sulphuric 
acid, or by heating sodium uajdilliionate with a 
solution of caustic soda under pressure : white crys- 
tals ; melts at ; sohibUi in water, Ouseillixe 
(BB) is an example of a rod dye obtained from this 
acid by treating witti dirizotiscd arnidoazotoluciic- 
monosulpLonic acid ; it has the formula 


CH,, / , 

NaO.O,,s/ 4 \S 0 />.N'a 


/3-uaphthol sulphonic acid (2 . r») is obtained by 
heating /St-naphtboi with twice its weight of concen- 
trated sulphuric :u;id at UKF ; on adding wattT and 
salting out its sodium salt ciysrallisec. This acid is 
used in making the dye Brili JANT OR vnuk (f’onceaii 
4 GB) by allowing it to act on diazotised aniline. 
The dye has the formula 


; N-r,„H.i0n . SO®ONa. 


The photographic developer EixONOGHflN is prepared 


from this acid by acting on one of its salts with 
sodium nitrite and hydrochloric ,acul, and rwlucing 
the nitroso -compound thus formed by stannous 
chloride : 

NO 



Nil, 

/' Xoii 


NaOO,S 

ElkonogtiU. 

It can also be obtained by reducing the above dye 
(^ronccau 4 CfB) by stannous cbloiido. Nine of tin- 
I ten theoretically possible dioxy naphthalenes are 
known. Several trioxynapbthalcncs are kno\ML The 
1: 1:5 compound is a-b\drojiigh me. See JrtJLONE 
and Na PiiTHAQr inones. 

Naphthol Yellow. See T>yes and Dyeinll 

Naphthyl (f. 'hem.) The name given to the resiilue 
remaining ^^hen one hydrogen atom is removed Iroiii 
j file naphthalono molecule. The I'csidue when a 
I hydrogen atom i.s riuuoM'd from an a-posilion is 
i called a-fiaphthyl ; when it is removed fnun a ji- 
j position it is called /^^-naphtbyl. See N'aphthyl- 
I A. MIXES. 


Naphthy iamines. a-NAi’iiTnYLAMixi: : white 
I Solid; ciystalliscs in llat needles ; irielis at at* : 
j bolls at HOlf'; turns red 
j in ail : nnpleusant smell ; 

I easil\ \olntile; insoluble 
in waiei ; readily solunle WC/ Vch 

in alcohol, eiher, aniline. I [ | 

It is obtained by rorluc- I 1 J 

i n g a-nitrouaphtbaleiie j/Ch 

with tin and iiydro('blojic 

acid, or, on the large f 

scab*, with iron in place Q-naph mylaniine 

of till- It is a base, and 

foims.'-alts w'itb acids; solutions of its salts give a 
blue prciijiitale with oxidising agents, c.f/. with 
chromic acid. Its salts give the diazo-rcaction with 
nitrous acid, and difizo-naphtlialene-sulphate gives 
a-naplilhol on boiling with dilute acid. The diiizo- 
chlondc, treated with a-miphthylamine liydr* - 
chloride in the c,old and alkaline solution, giv(i> 
<liazoamidonaphthulene. which undorgoi's intramo- 
lecular change to a-AilTDO-AzoNArilTHALENE— 


N =N — Nil 


N N 



The latter compound, cm heating with a-napthylaminc 
liidrochloride in glacial acetic acid solution, gives 
the <iyc Rlagdala red or naphthalene red. Its 
alcohol solution has splendid yellow fluorescence. 
A solution of a-naphthyUimino in dilute acetic acid, 
when mixed with a solution of sulphanilic acid, 
constitutes an extremely delicate test for nitrous 
a<‘id or a nitrile (1 in 1(K1,(K)0,()00). This depends 
on a similar reaction to the above, a-naphthylaminc- 
azobenzene sulphonic acid being formed, Cgll^SO.pil . 
Np,jjHi,Nll.j, which gives a beautiful red colour in 
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acid solution. On reduction of a-naphthylamine 
with sodium in boiling amyl alcohol, four hydrogen 
atoms arc added 
on to the unsub- 
stitutcd nucleus, 
forming ar-TKTRA- 
WYvno - a - Naph- 
THYLAMINK (ar- 
ts an abbreviation 
of aromatic, and 

may be taken to l j “ - « « i 

mean that the sub- ^r-tetrahydro-dc-naphthylaniine 

stitutcd ring ac- 
quires a true aromatic character) ; a liquid ; boils at 
276'^; a weak base; reduces salts of tlm noblr 
metals ; gives diazo* react ion with nitrous acid ; on 
oxidation it 

ru^.coori 



ii,r 

gives adipic acid, | . and oxalic 

ir..( • 


rii,.cooH 

acid. The isomeric ao-'l’KTRAnYDRO-a-NAPHTiJYL- 



propcrtics; witli nitrous :ichi gi\es crystalline 
nitrate; on oxidation with ]»otassiuin permangan- 
ate it gives tlRTHOCARBOXY-d-THKXYt'l’ROPIONIC 

Acid, 


CH 


lit 


HC 


'COOTl 


tn 


It is obtained 


0011 


napthaqulnone, and the latter on further oxidation 
also gives phthalic acid. As a-nitrouaphthalene, 
from which a-naphthjdaminc is obtained on reduction, 
gives nitrophthalic acid, naphthalene must contain 
two benzene rings, one of whicli is destroyed when 
the nitro-compound is oxidised, and the other when 
the amine is oxidised — 



/i-NAPiiTiiYLAMTNE : whit( crystalline scales ; melts 
at 112 "; boils at 294°; no smell; olnble in water 
(solution has blue fluoi- 
esconce), alcohol, otber; 
volatile in stedm. Obtaim*(l 
by beat ing /i-naphthol with 
the zinc chloride com- 
pound of amiiKmia (ZnCl„. 

NHj) at a high tem}>eru- 
ture. It is a base ; does 
not give a colour with 
oxidi&ing agfsnts. It.s salts 
give the diazo - reaction 
willi nitrous lu hi. On reduction with sodium in boil- 
ing amyl alcohol solution, it yields both tbe ar- and 
ac-tetrahydro-/3-napbthylamines, the latter in larger 
amount (tKJ per cent.) ; they closely resemble the 
corresponding a-(;ompound.s. and boil respectively at 
27<i° and 2 bb'. A very large number of substitution 
products of the two naphthylamincs is known, 
especially intro-derivativrs and sulphonic acids; 
tljey are extensively used in dye making. Naph- 
TiiioMc Acid— 

CIT C.Nll.. 



from 1:5 naphtb.N lenediaiuine by reducing with 
sodium in am^l alcohol, diazotising, reducing to 
the hydrazine, and warndng with copper sulphate 
soluti<m. The 1 : 5 diamine is obtained from 1 : r> 
Dinitron APiiTHALEN e — 



HC 


Cl I 


A'll 

.SO.,OIl 


a white solid (^needles) ; sparingly soluble in w’ater ; 
obtained by heating a-naplithylamine with con- 
centrated sulphuric acid (4 to .5 parts) at 100 to 110°; 
is used in the preparation of Conijo and 

many other red dyes, e.</. Fast Ued (rocellim*)-- 


’"Vf^OjONa 




from iiaphtbionic acid and / 3 -naphthol, Fast BRotVN 
N. from naphthionic acid .and a-uapiithol. When 
j 9 -naphlhylamiiic is tieatcd with ^trong sulphuric 
acid, four different sulphonic acids are obtained. 


vtz, 

2 : (a-acid), 2 ; G (/3-acid). 2 : 5 (y-aekl), 

2 . 7 ( 5 -acul). 

Nitbonaphthalknbs. When o-naphthylamine The a- and 7 -acids are formed first, and the otber two 
is oxidised with potassium diebromate and dilute are formed from these at a higher temperature ; the 
sulplinric acid it gives phthalic acid and 1:4 / 3 . and ^-acids are important in dye making, and 

* This compound, ac-ar-tctrahydronaphthylenodianiine, bohaves at tlie aanio time as an aromatic and an alicyclic amine. 
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they are more conveniently obtained from the 
corresponding: /3-nap h(.hol sulpbonic acids by heating 
with ammonia under pressure. The cotton dye 
Heliotrope may be taken as an example of a dye 
from the 5-ackI: it is obtained from the diazo- 
componnd of dianisidine, and has the formula 

X 

SOjONa 
1 ' SO”OXa 



i\OCH3 

Napier's Compasses. Drawing compasses, with 
legs inaele to fold up for carrying in the pocket. 


Napkin Pattern, Linen Fold. 

Naples Yellow (^DeeJ) Most of the yellow sold 
under this name is a mixture of cadmium yellow with 
zinc white. True Naples yellow is jjropared from oxide 
of lead and antimony. It is not much used now, 
having been largely rejjhtccd b 3 " cliromc yellow. 

Napping {Textile Manvfae.') J*roces.s of develop- 
ing the naf) by rubbing the raised fibres into small 
curls, the woik being done on the napper or napping 
machine. 

Narcotic. A drug used to produce sleep or d<’aden 
pain. Most narcotics are poisonous wdicn taken in 


methyl iodide. It contains three methoxy-groups^ 
because one molecular proportion of the alkaloid on 
treatment with hydriodic acid yields three molecular 
proportions of methyl iodide. Further : (1) it is 
hydrolysed by dilute Bulpliurio acid, giving opianic 
acid and liydrocotarnine. But these two do not yield 
narc-otinc when made to unite by warming with 
concentrated liydrochloric acid : an isomeric com- 
jx)und isonarco tine is the product. (2) It is reduced 
by zinc and dilute .sulpburic acid to meconine and 
liydroootarnino. (^ii) It i.s oxidi.sed by manganese 
dioxide and sulphuric arid, or by nitric acid to 
opianic acid and cotariiinc. (4) Meconine and 
h 3 ’drocotarnine are re.spectivoly reduction products of 
opianic acid and cotarnine. The constitution of 
meconine and of ojuanic acid is known. Cotarnine 
is un aldehyde : it is also a secondary base uniting 
with methyl iodide to form cotariiinemethinemethyl 
iodi<le. This last compound is resolved by caustic 
soda into trimeth.vlamine and cotarnone, and the 
latter on oxidation yields cotarnic arid. Cotarnine 
itself, on oxidation, yields cotarnic arid, and another 
acid of known constitution — the methyl betaine 
of cinchomeronic acid (apoi)hyllenic acid). The 
con.stitution of cotarnic acid is deduced from the 
facts that it forms un anhydride, and yields on heat- 
ing with hydrochloric acid the metlnin)cth>lene 
ether of gallic acid, and with hj^driodic acid gallic 
acid itself. Thus we have ; 


large doses. 

Narcotine. White needles; mrlts 
at nearly insoluble in water; 

sparingly soluble in C(Ad alcohol ; 
fairly soluble in boiling alcohol ; 
fairly soluble in benzeno ; ea.sily 
soluble in chloroform; strongly hevo- 
rotatury, but its salts are (Icxtroro- 
taiory ; only fet'bly poisonotis, and 
it has no narcot ic action (hence it< 
i.s sometimes called unarcotiiie) ; it 
is a feeble base, having no action on 
litmus, its talts being hytlrol^sed by 



water, and sodium ficctate liberates Cotarnone CbtaminandhinnnetliyWiJc ‘Cotarnine 


the base from a solution of narcotine 


hydrochloride. It was the first alka- 
loid extracted from opium, and is the 
principal alkaloid in Indian opium. 
The amount in oj)ium is from abfmt. 
1 to 9 i>cr cent., and it is nearly all 
uncornbined, so that when opium 
is extracted with water nearly all 
the narcotine remains in the re.^idue. 




Tliis residue is extracted with dilute liydrochloric 
acid, the solution preeijatated witli smlium acetate, 
and the precipitate extracted wilh boiling alcohol; 
the alkaloid crystallises out un cooling. Tlic above 
formula for narcotine is based on the following re- 



Narootine. 


suitione of the alkahnd and of its derivatives. Nar- 
ootine is a tertiarv base because it combines with 


Narrow (Typoff.) Tiio name applied to furniture 
(q.r.) three picas in width. 

Narrow Gauge {(^iril A term now com- 

monly applied in England to any railway track of 
gauge los.s than the standard gauge of 4 ft. 8J in. 
A 3 ft. gauge is the commonest narrow gauge in 
England. It was formerly u.s(?d to di.stinguish the 
present standard gauge from the wide gauge 
which is now*^ obsolete. 

Narthex {ArehUeet,) An inner porch in Early 
Christian e.hurches, u.sed for the reception of peni- 
tents and the repetition of catechisms. It is separ- 
ated from the nave by means of a screen. See 
Basilica, Nave. 

Narwhal {Zool.) A cetaceous mammal {Monodon 
moTwreros) belonging to the Dolphin tribe, frequent- 
ing Arctic seas. Its curious twisted tusk, often 
measuring eight feet in length, yields a very valuable 
ivorv. The oil also is used in oommeroe. 
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Nasturtium (Jiotany). The watercrcns (^Nmturtmm 
4pffieinalti) is a member of the Dicotyledon order 
Oriwifera. The p^arden nasturtium is a Tropi^olum 
belonging to the Trt^pwolaoeiP. 

National Gallery (London), llie present build- 
ing on the north side of Trafalgar Square, erected 
from designs by Mr. Wilkins, was opened in 1838. 
The Gallery was founded in 1824 by the purchase of 
Mr. J. J. Angerstoin’s (jollection, numbering thirtj’- 
eight pictures, which were exhibited in Tall Mall. 
The Gallery contains most important examples of Uic 
English school, including masterjjieccs by Ileynolds, 
4lainsboroiigh, Landseer, Hogarth, Turner, Constable, 
Wilkie, Homnoy, Etty, Herring, Callcott, Mulready, 
Maclisc, as well as many of the finest examples 
of llaphaol, Titian, Curregio, Vandyck, Uembrandt, 
Kubens, Teniers, Cuyp, Murillo, Velasquez, Claude, 
and others. Admission to the publi<; free on Mon- 
days, Tuesdays, Wednesdays, and Saturdays ; a 
charge of sixpence is made on Tliursdays and 
Fridays (students’ days). 

National Gallery of British Art (Tate Gallery). 

This gallery, ereeted by the geiu rosily of bir Heniy 
Tate. Ilart., is .situate at Millbauk, S.W., faring the 
Thames. Mauy of tin* works of IJritish artists have 
been transferred to this building from the National 
Gallery. Students’ days, Tuesdays and Wednesdays. 

A charge, of sixpenee is iiunle for admission on these 
da>b; on other weekdays admissiou i.s free. 

National Portrait Gallery (London). This gallery 
is situate in bt. ^fai tin’s Place (at tlie rear ot the 
National Gallery). It was built by tlie generosity of 
Mr. W. H. Alexander, and was opene<l to the public 
in 189(1. Treviously the portraits were at South 
Kensington. The im died ion numbers about 1,4(K). 
Admission as to .National tiallerv. 

Native. 'I'he terju applicil to metal.s which arc 
found in the earth in the eonditiuu of elements. 
See Met.xllukoy and Mining. 

Natrolite {Min.) A hjdrou.s sodium aluminium 
silicate, Na^O . Af/lg . 3Si().j . 214./). Ortliorhombic. 
One of the zeolites. It occurs in slender (Tystals, 
usually colourless, sometimes yellowish ; also mas- 
sive and radiating. It fu.se.s in the candle llame. 
Also known as mc.switypc. From cavities in basic 
volcanic rocks in beotland, Ireland, the United 
States, etc. 

Natron {Min.) Sodium carbonate, Na.X' 03 , IOIT .,0 
Soda = 18*8, carlxm dioxide — 2tj'7, water =» .'ST.') per 
< ont. Monosymme,tric, usually as an inorustratit»n. 

It effervesces with acids, and effloresces on exposure. 

It occurs in association wdth other carbonates of 
sodium in Egypt, Hungary, and Mexico. 

Natural {JMusiv). Marked bj a Jj. It has the power 
of restoring a note to its original j)Osition after 
being made shaip or flat. Naturals alwaj^.'. fall on 
the white keys of the pianoforte, hence tlio scale of 
0 is sometimes spoken of as the natural scale. Wlicn 
a natural occurs with a sharp or Hat, a.^ jjjf, or 
it restores re.spectively a double sharjj to a suarp, or a 
double flat to a Uat. 

or Naperian Logarithms. See Log arithms. 

Natural Draught (A%.) Draught or air supply ‘ 
produced by the iiprush of heated gases in Hues and 
chimneys. See aUo Fobcbd Draugjit. 

Natural Gas. Gaseous compounds of carbon and 
l)ydrogen which are given forth from the earth under | 


various geographical conditions. They include tbo 
gaseous exhalations from swamps, the various gases 
given off by active or by dormant volcanoes, and 
the gaseous compounds arising from bore holes that 
have penetrated to the underground reservoirs where 
petroleum is found, llie gas is principally Methane, 
but is accompanied by Hydrogen, Ethane, Propane, 
and Butane. 

Natural Magnet See Magnet. 

Natural Period (^Pliyn,) The time occupied by 
some cycle of o^wirations, movements, etc., when tbo 
body (or system of bodies) under consideration is 
left to it.scif. 

Natural Scale {Surveying). A scale so named as 
to indicate the ratio a distance, as represented on a 
map, beais to the actual di.stance ; c.y. one inch to a 
mile is represented by the natural scale 

Natural Waters {(%<m.) These arc rain, river, 
.spring, and sea water. See WATER. 

Naumachia {ArelupoL) A large building in the 
form of an am])hi theatre, used by the liomans for 
giving representations of sea liglits. 

Naumann*B Notation (^Min.) One of the systems 
of expre.^siiig the relation of a crystal form to the 
axih. hi it the comi>ocents of the symbol expre.‘‘S 
the relations of the iuterccpt.s of the crystal form on 
the three axes, the unit length of the axis being 
designated by 0 in the cubic system and P in the 
other sy.stems, wliile a is used when tlie intercept 
is infinity, Lv. when the form is parallel to that 
particular axis. 

Naut or Knot. Sic Nautical Mile. 

Nautical Almanack {AUron.. Navigation). An 
elaborate series of dula showing the motions and 
Ix>.sitioiis of the celestial b«)die.s. It is compiled at 
the Nautical Almanack Office in London, for four 
yeai.s in advance, and furnislies data which are 
absolutely ini lispensablo in navigation and exploia- 
tion, and of the utmost imj>ortance to all a.stroriomical 
observers. It is f>erhaps the finest example in ex- 
istence of tlie utility of what are apparently tlie 
jiiost abstru.se and theoretical observarioris and 
calculation.s. 

Nautical Mile. A minute of arc of the Meridian ; 
sometimes called a knot, though t lu; latter is, correctly 
speaking, the rate of one nautical mile per hour. A 
nautical mile i.s fi.087 fl.,or l‘i;>2 miles. See also 
WEIG11T.S AND Measures. 

Naval Crown (//er.) A circlet on wdiich is arranged 
alternately four .-sterns and four masts with sail. 

Nave. The central part of a wheel; also called 
Hub and Boss. 

— — {Ardfltect.) The part of a church situate 
betw'ecii the aisles and west of the chancel. Tie' 
term nave is derived from the Greek word Naos. See 
Okll, Aisle, atid Chancel. 

Navior'B Formula (AV/// , efr.) See Gordon’s 
Formula. 

Nb {(Vteni.) The symbol for Niobium {q.r ) 

Ne {('heat.) The symbol for Nkon (jg.v.') 

Neapolitan Sixth {Music). The major common 
chord of the minor second of the key in its first 
inversion — a chord on the subdominant with the 
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minor 3rd and minor 6th added. In the key of G 
the Neapolitan 6tli is 



Neap Tides {Astron.) fc- Tides and Lagging. 

Neat {Plasierinsf'). (Y‘inorii or plaster without the 
addition of sand, i.e. a mixture of cement or j)laster 
with water only. 

Neat's Foot Oil. *SVe Waste Ttioducts. 

Neat Soap Maitfi/nc,) *Srv* Fitting. 
NebeculsB Magellanic Clouds. 

Nebris {Art). A fawn's skin, the coveiing of 
Bacchus, Bacchantes, an<l fauns. 

Nebula A luminous cloud seen in the 

heavens on a dark night, which no telescopic power 
can resolve into stars. The form is both regular and 
irregular. That in Orion is the most brilliant and 
easy to see. 

Nebular Hypothesis (Axtroji.) A hypothesis 
lirsl worked out in lualhematical detail by Jiaj>lace. 
The basis of it is tliat at some time in the past the 
matter which is now’ gatlicred itjlo the form of the 
.sun and planets was oikjo a hngo nclada in an 
incandescent .vtale. This subsequent cooling and 
rotating mass contracted and left, behind ina.sses 
wliich form the planets. 

Nobule (ArrJnieri.) An enrichc*! moulding used 
in Norman -work. The low’cr edge of the mouhhng 
is an undulating line, in the hollow’s of which 
sphert)idal forms are W’ork('d. 

Nebuly or Nebulee ( iror. ) A pai t it ion lino. Similni 
to ilovctail jt»int, only instea<l of being angular it 
bend*- in curves. 

Neck {Architect.) Thai part (tf a c.apital im- 
mediately abo^e its lowc*."! mouldings, usuallv a 
<jontinuation of the .shaft ; r.//. that part of a lloruan 
Doric capital between the a.stragal and the annulets. 
See roLUMN. 

{£ny.) A general name for a narrow’ jMirtion 

of some object ; in particular, the .Iouenal (y.?'.) of 
a sl:aft. 

Necklace. An ornament worn round the neck ; 
juobably the rnfist universal and the oldest form of 
}jer.sonal adornment. 

Necks, Volcanic ( f/VcO A general term for the 
materials which liave finally occupied the pipe or 
chimney of a volcano between the crater and the 
focus. In many cases the vent is occupied by fiag- 
mentary material or agglomerate, wdde-h has been 
ejected from the volcano during an explosive eruption, 
and whic^h has .subsequently fallen back into Ihexent 
and finally choked it up ' In other cases the vent 
has been filled with wdiat w’as ongirially fluid roek, 
which ha.s consolidated then* and been left asajilug; 
or llierc may exist a combination of tliesc two. 
Necks commonly give rise to conspicuous scenic 
fe.atuies. 

Necropolis. A large cemelory; in ancient time.s 
the buri.'d ]. laces were* frequently subterranean. See 
Catacombs. 

Needle (Carjf.) In shoring, the needle is the hori- 
zontal timi)er going through the wall and resting on 
the top of flead shores nr the liead of raking shores. 
See Shoring. 


Needle {Elect.) See Magnetic Needle. 

{Miuiiiff), A rod used in making a small 

hole for firing a blasting charge. 

, Astatic {Elect.) See Astatic Needles. 

, Dipping {Elect.) A magnetic needle turning 

about a horizontal axis; used in measuring the Dip 

{i/.r.) 

Needle Lubricator (En-p.) An oil vessel with a 
\crtical passage or tube leading from the lowest part 
of the oil space to the point where lubrication is 
i-cquired. A thin rf>d loosely fitting this pas.s^e 
l>rcvents a too rapid flow of oil, but its vibration 
causes a small regular stream to run down into the 
bearing. 

Needle Machine {Lace Afanufac.) I'hat form of 
Swiss embroidery machine, also known as Die liand 
machine, w’herein small needl(‘S with an eye in the 
middle, threarled with a .suitable Icngtli of silk or 
thread, are mechanically pa‘'Sed ba<‘k and forth 
through the fa))ric to he endu’oidercd, w’ith the same 
results as in hand work. It is a uiiicli .slower prc^cess 
(about six stitches a minute) than sliiitlle einbrciidery. 
but the results attained justify the extra labour. 

Needle Valve {Eng ) A valve consisting of a 
iroLnted rod of metal; the point just fits into a 
suitably sha})cd hole, which it opens or closes by its 
motion. Ni'edlo \ahos arc commonly used in Spray 
C ’A IIBUHETTERS ( <-/ ■ '’.) 

Negative ( Photo.) A plmtographic image nr picture 
in wliich the lightest jiortious of the <'>l>jcct are 
rcprc'^oined by the daike.'-t portion.- of tlic image, and 
viet rers^ii. A negative is fonncul by the action of the 
light on a sensitive film, whiclj is supp«u-tcd on a 
plate oi glass oi a sheet of paper or celluloid. 

(Tt,etih' MonKf((e.) A term a]»])licd to any 

sheddiii}.' or taking up motion rcijelving ilie assist- 
ance of sfu'ing.s or weights Somotimc's toinicd non- 
positive. Also apjBe(] to dilforcnt working jjnrts of 
sjiinning machinery. 

Negative Brush f Ele>t.) Ti;c bru.sh of a dynamo 
or motor, wdiich Is ('(amcctcM lo llie negative 
terminal. 

Negative Charge {Elect.) A charge of electricitv 
of ihc kiiKl jiroduoed on a jod of resin by rubbing it 
with flannel. 

Negative Crystal {Phyr.) A I’niaxal C’rvstal 
(</.r,) in whieh the velocity of tlie Extraordinary 
Kay is in general greater tlian that of the Ordinary 
Kay. Nf'C Double IlEFincTJON. 

Negative Plate of a Cell {Elrcf.) In a j»riinary 
cell, the zinc j>lat«- (f>r corres])oijding element) ; in a 
Btorage cell or accumulator, the plate which is con- 
nected to the negative terminal of the charging 
dynamo 

Negative Stress {Eny.. etc.) A Tension or 
Tensile Stress. 

Negur {Soap Manyfae.) The dirty a<iueouR layer 
which settles in the soap pan in the manufacture of 
fitted sfiaps (q.r.) AKo sjielled negre, nigro, and 
nigger. See Fitting. 

Neodymium (Chem.) See Didymium. 
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Neon {Chcm,\ Ne. Atomic weif^ht, 20. A gas 
occuiring in air (1 t.o 2 parts in 100,000) ; has no 
inactions; the ratio of the two spec;ific heats is 
so that it has a monatomic molecule, and is 
therefore an element. lias a cl laiticteristic and com- 
])lex spectrum— many lines in the red, three in the 
green, and a number of blue lines. Density, 0*97. 
<’ritical temperature below -205® To obtain it the 
nncondensed gases from an air liquefier, consisting 
-of helium, neon, nitrogen, argon, etc., are liquefied 
and air blown tlirough tlie liquid. The first portions 
of gas which come away arc collected separately, and 
the oxygen and nitrogenremoved respectively by red- 
hot copper and heated magnesium. The remaining 
gas is liquefied, and on distillation helium and neon 
}>ass over, and these can be separated by fractional 
distilhition at tlie temperature of boiling hydrogen : 
at this temperature helium is gaseous, while neon in 
liquid or possibly solid, 

Nep (^Tcxtilii Manvfitc^ Small cluster of fibres 
in th(j wool staple. Dillieult to open or separate. Jl 
i'i su(;h fibres that form Koii. (</./*.) in the combing 
process, Sec aho Neps. 

Nepheline (Min.') A sili< ate of aluminium, sodium, 
and potas.dum, IlNa,/). K,,0. lAJ/),. 9Siu„. Silica - 
'I4'2, alumina = s(ula= potash == 5*2 per eeiit. 

Hexagonal ; usually in ^hort ])ri'inis. It oeeurs in 
several kinds of <‘rn])tive rocks. One of the best 
kn(»\vn localities is Monte Somina, 

Nepheliuiti i.Jtotauif'). A genus of the oidor Sap'oi- 
daevtCy native' to MiilayaMa. li is impoitant on 
aeeonnt of its fniii.s, the llambutan, honmin. and 
l.itcbi. 

Nephrite (d//w.) A synonym for jade (q^r.) 

Neps {Cotifni Manvfnr') Damaged (»r broken 
tilm's which liave esc:ij>ed the action of the carder 
and apptiar as specks on the dotfer web. 

Jicpttine, Planet Distance from sun. 

2,791,000,1 »()0 juiios ; mean <liaineler, 31, mile< ; 

I '(‘1 iodic tiirn', iieaily Dio \ears. I’osst'sses one 
satellite. This i)laiH‘l w'as discovered by l.r Verrier 
and Adarn.s from joiiely theoretical calculation.s, 
wliicli predicted its exislonce on account of certain 
jicrturbal-ions o/-'* ) which were prndueiKl in the 
motion of Uranus by some unknown body. 

Nernst Lamp. iSlrv Electric T.igiitixg. 

Nerol], Oil of iltoiamj). An oil obtained b}’ 
distillation of tlje lk)\vcrs uf ('it run a uvani ium^ var. 
Bigaradia. It is exleri'^ively u^cd in perfumery. 

Nervures {Arrhtit rt The ribs bounding the 
sides of a vaulted comjiartment. 

Nessler’s Reagent (t'J/on.) A solution of mercuric 
ehloride (17 giaijis in 3(H) cc. water) is added to a 
.Hduthm of ]>olassiiim ioflide (35 grams in 1(K) cc. 
wate.r) till a )».‘rmnnent precipitate is obtained ; then 
a 20 per cent, solution of caustic soda is added to 
make up to a litre. A little more of tlm mercuric 
ehloridc is now added to cause a slight precipitate. 
The clear liquid is Nessler’s reagent. Jt is ii.sed as a 
test for ammonia : dclicaey, about 1 j»art animmiia 
in 25, (XH), 000 parts water. Dor action see Mercury 
C o Af POUNDS. 

Nest ((rlfm Mann/ac.) A cushion upon wdiich 
sheets of glass are jilaced for splitting with tlie 
diamond. 


Nest Gearing (Bng,) A set of enclosed gear 
wheels, 

Neiirine (Chrm.) Trimethyl vinylammonium 

hydroxide, (CH3 )„N^q^ “ ^ syrupy liquid; 

very soluble in water ; powerful alk.ali ; very 
poisonous. Forms salts with acids. The picrate 
is sparingly soluble in cold water, easily soluble in 
hot water, and melts at 2G3®. Ncurine gives pre- 
cipitates with the alkaloid reagents. Tt is classed 
among the ptomaines, and is found in putrid human, 
horse, and ox flesh, and in the urine in Addison’s 
disease. It can be prepared from choline (g'.r.) by 
acting up«)n it with li^driodic acid, which converts it 

into the iodide The latter with 

moist silver oxide gives neurine. When ethylene 
dibromidc is ac'ted onby trimothylaminc the bromide 
corre.sponding to the above iodide is produced, and 
tliis also gives neurine by heating with moist silver 
oxide. 

Neutral (^Paint.) A term applied to colours 
witlmut in’cdojiiiuant tone, e.g. in watercolour 
painting certain gioy cobuirs are so called. 

Neutral Axis (Bng..^ cte.) The intersection of the 
cross section of a I'cairi and the neutral layer. Set- 
liEAM. The neutral layer itself is sometimes in- 
corre-'-tly called the neutral axis. 

Neutral Conductor, Feeder, or Wire ( Klert, EiigA 
The eeniral or balancing wiic of a Three Wirk 
SVSTEAl (q.r ) 

Neutral Equilibrium {Phgn., r/c.) A body is in 
neutral equilibrium if on receiving a small displace- 
ment there is n() for this displacement, 

either to iiicroa.se as in Unstable Kquilibrium 
( 7 ?-.). or to decrease :\< m M'AiiLr. KgriLlBRiUAi 
{q,r.) Str I'AH’HJliRU’M Nlutr.m.. 

Neutralisation (fV/ev/n) The process of adding a 
base to an ..cid oi an acid to a l»aso till the juntluct 
has the re.'K'tion of neither. A base turns rod litmus 
blue. \Nlule an acid funis blue litmus red; at tfie 
iieutial j>oiiii the i>roduct h.is no action on either red 
or blue litmus. 

Neutral Layer etc.') Tlie part of a loaded 

lieam ill wdiieh tliore is no siress. Sre also llEAM. 

Neutral Line {Eng.) I'lic .Neutral Axis k/.r.) 

Neutral Points of a Dynamo {JCIcct. Eng ) Two 
jKjints on the coinmut.'itor (at the extremities of a 
diameter) at which the bnislici^ must rest, in order 
tbat the current may be led away without sparking 
at the brushes. Set aho Dynaaio. 

Neutral Red {('hern A} Toluylcne red, 

1 

y 

UH, 

(cn3),x.(;iu/ r,iu 

ITN 

Orange red needles which contain four molecules 
water of crystallisation : this water is expelled at 
i50". leaving tin- blood red anln drous base. Soluble 
in alcohol and ctlier with strtjug fluo’e.scenoe. Its 
hydrochloride is a red d\e; it dyes cotton mordanted 
with tannin. J I is prtipared by oxidising a mixture of 
diraethylparaplienyicncdiamino and metatoluylene- 
diaraine. I^eutral ro<l is used in bacteriology. The 
r». coli oomniiinis a common intestinal bacterium 
— has the pow'cr of reducing a solution of neutral 
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red, thus chaugin^ its colour to a yellow. If a water 
coloured by this dye is changed to a yellow colour it 
u one indication of the presence of the above 
organism, and therefore of the presence of sewage. 

'Neutral Temperature See Thmrmo- 

Elbctrio Junction. 

Neutral Tint {Paint.) An artist's watercolour, 
made by mixing Indian ink and Chinese blue with a 
little madder. The result is a pleasing grey having 
a slightly violet hue. 

New Blue {Dee.) A permanent blue of great 
purity, permanent in oil and water and valuable for 
decorators’ purposes. It is a variety of artificial 
ultramarine blue, and ranges in colour from a 
greenish to a violet hue. 

Newel {J(An.) A column supporting a handrail, 
e,g. the column at the commencement of the 
balusters on a staircase. 

Newel Steps {Join., i ir.) Winding steps supported 
by a newel formed on the narrow ends of the steps. 

New Moon {Astron.) The moon in such a position 
that its longitude is the same as that of ttie sun. 
When “new * the moon i.s invisible. Duiing total 
solar eclipses the moon is “ new. ” 

New Star {Astron.) AVhen in any particular part 
of the Leavens a star suddenly ajjpears where no 
star had ever been ob.«crved before, a ** new star” is 
said to have made its apf)carancc. 

Newtonian Constant of Gravitation (Phys. ) See 

Gbavitation. 

Newtonian Telescope {Astron.) The form of 
reflecting telescope mostly used, in which the light 
from the object observed, after being retleeted from 
the surface of a parabolic mirror, falls on a small 
plane mirror, placed in the optical axis of the first, 
at an angle of 45°, and is viewed from the side of the 
telescope tube. 

Newton’s Law of Cooling. Under certain condi- 
tions, the rate at wliidi a hot body cools {i.e. the 
amount of heat emitted per unit time) is proportional 
to tlie difference of temperature between the hot 
body and the surrounding medium. 

Newton’s Rings. A series of coloured rings pro- 
duced wlien two transparent curved surfaces, of 
different radii, are placed in contact, e.g. when a 
convex lens of large ra<tjus is prc.sscd against a plane 
sheet of glass. The rings surround the point of 
contact, and are formed both by 
reflected and by transmitted light. 

New Zealand Flax {Botany). A 
strong useful fibre obtained from the 
veins of the leaves of the plant Phor- 
mium tiinax (order, Liliace/e). Used 
in the manufacture of baskets and 
ropes. 

Ni {Chem.) The symbol for 
Nickel {q.v.) 

Nib {Bwild.) A projection on the 
back of a tile,for fixing to the battens. 

Niccolite {Min.) A synonym for 
Kupfebnickel (q.v.) 

Niche {Architect.) A recess in 
a wall, generally intended for the 

reception of a statue. The plan of 

the recess is either rectangular, Niche. 


segmental, or semicircular, the last being the most 
common fonn. 

Nicholson’s Hydrometer. See Hydbometeb, 

Nicholson’s. 

Nicholson’s Machine ( Typog.) A printing maohino 
patented by William Nichoison, 1790. The first 
machine built with a cylindrical impression motion 
and mechanical inking contrivance. 

Nichol’s Prism {Light). See Polabisation. 

Nick {Pypog.) A groove in the front of the shank 
of a type. It makes a distinction between different 
sorts and sizes, and enables the compositor to lift it 
in proper position. 

Nickel (Ni). Atomic weight, 58-7. A hard white 
metal capable of a high polish ; melts at a rather 
lower tempei-ature than iron ; specific gravity 8‘9 ; it 
is magnetic ; in its chemical properties it resembles 
iron, but it is less easily oxidised, hence the use of 
nickel plating. Red-hot nickel only decomposes 
steam slowly, forming the monoxide. Hydrochloric 
and sulphuric acids slowly dissolve it. Concentrate<l 
nitric acid causes it to as.siime the passive state ja.«<t 
as it does iron dilute nitric acid readily dis- 

solves it. Finely divhled nickel combines with 
carbon monoxide between 30^ and 80° to form nickel 
carbonyl, Ni(CO)^. It occurs as kupfernickel, NiA.s ; 
pyrrhotite, a magnetic pyrite.s in which iron is 
replaced by nickel to the extent of 5 per cent, of the 
latter or more ; nickel glance, NiAsH ; pentlandite, 

(NiFe)S ; garnierite, 2 (Ni . Mg)j.Si,Oi, jjHjO. It is 

found with iron in meteorites. Many methods are 
in use for its extraction, owing to the great variety of 
its ores. The Mond process is now worked on a largo 
scale in South Wales. The Canadian ores (chiefly 
pyrrhotite) are roasted, then melted with coke in a 
blast furnace ; the product i.s then oxidised in a 
Bessemer converter. This product, containing about 
40 per cent of nickel, is brf»ught to South Wales and 
treated by the Mond process, which i.<«, in brief : (1) 
roasting of the “matt”; (h) reduction by water gas 
below 400°; {c) treatment in a .special vessel by 
carbon monoxide at 80" to form nickel carbonyl ; {d) 
decomposition of the nickel carbonyl at 180° in 
siiecial tubes whei-e the nickel is deposited, and tin; 
carbon monoxide is used over again. I'he carbon mon- 
oxide required is made from products of combustion 
by purifying the smoke and passing it over heated 
coke. The nickel is melted and cast into the form 
required. In America, wiiere most nickel is extracted, 
an elec tnfiy tic procc.ss is emifioyed, the ore being 
first submitted to a preliminary treatment like that 
for the Mond proce.ss. Nickel is much used for 
electroplating (^.e.); in making coins, both alloyed 
with other met^s and pure (0*98 fine) ; in making 
German silver {q.v.) and nickel steel. See IBON. 
Finely divided nickel acts a.s a catalytic agent in 
bringing about the union of hydrogen and certain 
unsaturated compounds, especially hydrocarbons ; 
r.g. vapour of benzene and hydrogen pa.ssed over 
it at 180° to 200° give hexahydro benzene ; homo- 
loguc.s of benzene behave similarly. ^e aUo 
Methane. 

Nickel Compoondi. Nickel Oxide, NiO, is a 
green powder ; melts in the electric furnace and forms 
green crystals on solidification. Reduced to the 
metal on heating in hydrogen, or in carbon monoxide. 
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or with carbon (at 550^, carbon dioxide being formed 
in this case. It behaves as a basic oxide. It is 
obtained by heating the hydroxide or nitrate. Nickel 
sulphide, Ni8, is a yellow solid in the natural state 
(millerite) or when obtained by heating nickel and 
eul|>hnr together ; a black powder when obtained by 
adding ammonium sulphide to a solution of a nickel 
salt ; it is insoluble in dilute hydrochloric acid, but 
it dissolves in ammonium sulphide — this is a useful 
distinction from cobalt. Nickel Sulphate, NiS 04 , is 
a yellow solid when anhydrous ; but the ordinaiy 
crystallised salt, NiSO^eHjO, is green. N ickel sulphate 
is very soluble in water (37*4 NiS 04 in 100 at 16°) ; 
the crystallised salt loses 5H20 at 100° and becomes 
anhydrous above 280°. It is obtained by dissolving 
the metal, its hydroxide or carbonate, in dilute 
sulphuric acid. It combines with ammonium sulphate 
to form the double salt (NH 4 ) 2 S 04 NiS 0462 H 0 . This 
salt is used in nickel plating ; also, by electrolysis of 
its solution, made alkaline with ammonia, chemically 
pare nickel can be obtained. Nickel Cyanide, 
Ni(CN) 2 , is obtained as a green precipitate on adding 
potassium cyanide solution to a solution of a nickel 
salt ; it dissolves in excess, forming K 2 Ni(CN) 4 , but no 
salt correspnndiijg to the cobalticyanidcs. Hypo- 
chlorites or hypobromites give black Ijydrated nickelic 
oxide with this double salt — distinction from the 
cobalticyanides. Nickelic Oxide, Nip^, is a black 
powder obtained by gently heating the nitrate; its 
hydrate, NLOjSlT/), is obtained by adding a hypo- 
chlorite or hypobromite solution to any solution of a 
nickel salt. Its behaviour is that of a peroxide. 
St^e Oxides. Nickel Cabbonyl, NiCCO),, a colour- 
less liquid ; boils at 4(1°, and has a normal vapour 
density — the vapour explodes at 60°. In ftii inert gas 
it can be heated without explosion, but it dissociates : 
in nitrogen dissociation is complete at 155°. It is 
soluble in alcohol, l>en 2 ene, chloroform. It burns in 
air with a white flame. Its vapour is poi.sonou.s and 
the action is characteristic — and not carbon monoxide 
poisoning. To prepare it nickel oxide is reduced in 
hydrogen at about 400° ; tlie reduced nickel is allowed 
to co(;l to from 30° to 80°. an<l carbon monoxide is 
X>assed over it, and the e.scaping gas cooled by ice 
and salt when the nickel carbonyl condcn.scs. 

Nickel Pyrites A synonym for Millerite 

Nicker {Carp., etc.) The cutting lip of certain 
forms of bits used in boring wood. 

Niootlne- 

cu x.cn, 

iicr'^c - 

lie ^ (.*11 1I„C' 'CH, 

N 

(jfl-pyridine-N-methyl-a-pyrrolidine). A colourles.s 
oily liquid ; boils at 247° ; has a mouse-likc smell 
when pure, but smells like tolncco when impure; 
extremely poisonous ; opticaliy active, being laevo- 
rotatory ; soluble in water and the usual organic sol- 
vents ; turns brown on exposure to air. It is basic, and 
forms a number of salts. Nicot ine occurs in tobacco 
leaves to a very variable amount— from 0*5 to 8 per 
cent. ; tobacco smoke also contains nicotine, it is 
obtained from tobacco leaves by soaking them in 
acidulated water, concentrating the extract, adding 
quicklime, and distilling ; the crude alkaline distil- | 
late is neutralised with oxalic acid and evaporated ; i 


on adding concentrated caustic potash the nicotine 
s^rates, and is extracted with ether ; on distilling 
off the ether finally in a stream of hydrogen the 
pure base can be distilled over. The following 
reactioDS of nicotine are important : it can add two, 
six, or eight atoms of hydrogen ; in the last case the 
pyrrolidine ring is probably opened — 

CH. 

HjCj^CH — (CH,).NHCH, 

H,C CH, 

NH 

It forms two isomeric iodomethylates : (1) by treating 
its hydriodide in boiling alcoholic solution with 
methyl iodide and neutralising with caustic soda — 
this iodomethylate yields a hydroxide with moist 
silver oxide, which on oxidation with potassium per- 
manganate gives trigonelline — 

CH 

HC C . CO 

HC CH 

N O 

(3n, 

showing that the methyl iodide has added itself to 
the pyridine nitrogen. (2) By mixing methyl alcohol 
solutions of nicotine and methyl iodide, when the 
methyl iodide adds itself to the pyrrolidine nitrogen : 
thus nicotine is a ditertiary base. When an aqueous 
solution of nicotine is boiled with silver oxide it 
gives nicotyrine; on oxidation nicotine yields 
nicotinic acid, which has the formula — 

CH 

HCi^C.COOH 

HC' 'CH 

N 

Nicotine has been synthesised as follows : From 
nicotinic acid {see Pyridine) the amide can bo pre- 
pared by treating its ethyl ester with ammonia. 
8odium hj^pobromitc converts the amide into 
/3-amiiiopyridinc. Tlie latter, when heated with 
Diucic acid, yields /3-p\ridyl-N -pyrrole, which under- 
goes intramolecular rearrangement on passing it 
throixgh a tube heated to low redness to jS-pyridyl-a- 
pyrrolc. The potassium compound of /3-pyridyl-o- 
pyrrole, on treatment with methyl iodide, yields the 
iodomethylate of nicotyrine, which is identical with 
the iodomethylate of nicotyrine obtained from 
natural nicotine. From nicotyrine, by action of a 
solution of iodine in caustic soda, iodonicotyrine is 
obtained, wliich on reduction with zinc and hydro- 
chloric acid, gives dihydroniefotyrine, a liquid strongly 
resembling nicotine itself. On brorainatiiig the last 
protiuct and reducing the dibromi<^c with tin and 
hydrochloric acid, inactive nicotine is obtained, which 
can Ixj resol ve<l into acti\e nicotine by fractional 
crystallisation of its tartrate — 



Nicotinic Acid. Nicotinic Acid Amide. 
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CH 

Ilcls^CH 
N 

/S'iinunopjritli ne. 



NIT 

CHj.NO, 

UNO, 

yNO, 

1 

UNO, 

Bi<cNO, 

CH.NO, 

UNO, 


CH..NO, 
Glycoiyl Trinitrate 
(Nitroglycerine). 


Bisninth Nitrate. 



CH cn 

CH 

ncr' 



iicl 

S^CII CH 

CH 


N 



j3-pyridy 1-N -pyrrole. 


riT N 

■'0 0 — 


lie 


lie- -CH 


N 


^-pyritlyl-a-pyrrole. 

(IT N.CH, 

- C/\CH 


lie 


u 


OH iie'- 


-vu 


N 

011,1 

Nicotyriuo lodometbylate. 


:0 

N 

NicotVTine. 


(\ 

CTl lie 


N.CH 

jCH 

'cn 


The only step which has not been taken is the con- 
version of nicotyrine iodomcthylatc into nicotyrine. 

Niello. A process of ornamenting metal }>lates 
by flitting a design upon the surface, the incisions 
being then filled in with a black or coloured composi- 
tion. The best examples arc those bj’ Italian artists 
of the fifteenth century. 


The nitrates are prepared by dissolving the metal, 
its oxide, or its carbonate, whichever is most con- 
venient, in nitric acid, and crystallising the solution ; 
or in the case of the esters the alcohol is treated 
wdth nitric acid, or, as in the case of nitroglycerine, 
with a mixture of nitric and sulphuric acids. Some 
nitrates occur naturally, e.ff. sodium and jKitassium 
nitrates. The metallic nitrates are soluble in water, 
except in a few cases, where the nitrate is decomposed 
by water, forming basic nitrates, which are insoluble 
in water. The common metals which form basic 
nitrates are bismuth and mercury. The nitrates of 
these metals easily dissolve in water acidified with 
nitric acid. The effect of heating nitrates is as 
follows : Ammonium nitrate gives nitrou.s oxide and 
water ; potassium and sodium nitrates at low redness 
give the corresponding nitrites, but at higher tem- 
peratures a mixture of oxides ; other nitrates give 
oxygen, nitrogen peroxide, and a metallic oxide, or, 
if the oxide itself is easily decomposed by' lieat. the 
metal and oxygen. Most nitrates are insoluble in 
concentrated nitric acid. Nascent hydrogen reduces 
their solutions to nitrite, tlicn to ammonia. The 
nitrates of alcohol radicals (nitric acid ester.s) are 
liquids unles.s the alcohol h.awS a high molecular 
weight, w'hcn they are solid, and explosive on 
moderate heating or on detonation ; they are hydro- 
lysed like other esters. Ethyl nitrate, on redui lion 
with tin and hydrochloric aoid,}iulcl.s hydroxylaniine. 
For particular nitrates see under the various metals 
and alcohol radicals. 


Niger Seed Oil. Made from Niger seed, the pro- 
duct of an Abyssinian plant, either by Lot or cold 
pressure, after grinding. The colour is similar to 
olive oil, the sptjcific gravity •924. It has poor drying 
qnalitie^, and is principally used in India for food. 

Nimbus {Ari'). The halo or disc surrounding the 
head in representations of saints. iSre Aureola. 


Nimbus Clouds {Meteorol.) A class of cloud. Tt 
is the cloud of continued rain or snow. Has ragged 
edges. See Clouds. 

Niobium (Chem.) Nb. Atomic weight, 94. A 
rare metal belonging to the nitrogen group in the 
periodic system It occurs in columbite (the 

Americans call the metal columbium), yttrotantalite, 
euxenite. 


Nippers {Eng,, etc.) Tliers, either for holding or 
for cutting metal, etc. 


^ple (6^as Fating, etc.) A piece of pijie with a 
male^tbread cut the whole of its length. 


Nipples ( Cycleit), Small tubular nuts used to fix 
the hea<ls of spokes to the rirn of the machine. 


Nitrates. Salts or esters of nitric acid, derived 
from tlie acid by replacement of its hydrogen by a 
metal or alcohol radical. 


HNO„ 
Nitric Acid. 
UNO, 
UNO, 


KNO, 

otaBsiuni Nitrate. 


J*b< 




l.cad Nitrate. 


c,nj.No. 

Ethyl Nitrate. 


c“<No: 

Copper Nitrate. 


Nitrates in Water. Sn Sanitation. 

Nitre ytlicm.) A common name for potas,*dum 
nitrate. See I^oTA.ssiuM Compounds. 

(Min.) I\>ta.ssium nitrate, KNOj. Potash 

= 46-6, nitric acid *» 53*-} per cent. Orthorhombic 
in prismatic crystals, also as an encrustation. 
Soluble in water. The chief suiq>ly comes from 
the soils of certain districts in India, Egypt, Persia, 
etc. 

Nitric Acid (Chrm.) Aqua fortis, IINO3. A 
colourless liquid. Boils with decomposition at fitr, 
2HN0j = HA) + 2N0.y -f O, hcucc the acid changes 
comj>osition" on distillation, becoming weaker, till 
at 7i’)0 ram. the boiling p<jinl has ri.sen to 120^ when 
an acid of 68 per cent., ITN'Oj (sp. gr, 1414 at 15°), 
distils unchanged. Nitric acid eagerly absorbs water 
from the air, and as the strong acid is volatile it 
fumes in air, owing to the water vapour present in it. 
The strongest nitric acid, whicli can be prepared in 
the usual way (see below), corresponds to 99*975 per 
per cent., UNO.,; but it seems very doubtful if strong 
nitric acid has the composition HXO, at all. The 
kind of evidence on which this statement is based 
is ihc following. The electrical conductivity of nitric 
acid increases from a 1-3 to a 30 per cent, solution, 
HNOg, then diminishes slowly' to 76 per cent., then 
rapidly to 96*12 per cent., whence it increases 
again; also from 96*12 per cent, upwards tlie con- 
ductivity diminishes with increase of temperature 
like that of a metal. Similar irregularities show 
themselves In the case of other physical constant a 
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Buch AS refractive index, absorption of ultra-violet 
li^ht, magnetic rotation, contraction on dilution 
with water. It is inferred that such changes can 
only be caused by changes in chemical composition. 
Professor Hartley thinks the strongest acid may have 
the formula ; while an acid =* 89-6 per cent., 

UNO,, may be a mixture of and II,NO,. The 

stron^st acid obtainable differs considerably in 
chemical behaviour from ordinary or from fuming 
nitric acid, in that it has no action at the ordinary 
temperature on many metals, such as copper, silver, 
mercury, magnesium, which are readily acted on 
by ordinary nitric acid, and tin is not acted on even 
when boiled with it. Calcium carbonate is also 
iinattacked by the boiling acid ; but it readily 
oxidises sulphur, and nitrates organic compounds. 
Ordinary nitric acid has the following chemical 
behaviour: (a) It acts as a strong monobasic acid. 
(5) It oxidises many non-metals, e.g. carbon to carbon 
dioxide, iodine to iodic acid, HIO,, phosphorus to 
phosphoric acid, arsenic to arsenic acid, siilidiur to 
sulphuric acid. (/?) It oxMises various “ -ous salts 
to “ ic ” salts, c.ff. 

OFeSO, + 8 HNO 3 2FC/S0,), + Fe..(NO,\ + 2NO + 
41I,0.‘ 

(rf) Its action on sulphides depends on the strength 
of the acid. A diluted acid will give a nitrate and 
liberate sulpliur (sulphuretted hydrogen may be 
formed and oxitlisod to water and sulphur), while the 
strong acid will oxidise the sulphide to sulphate, 
(c) Its action on metals seems to be dciKindcnt on 
the presence of nitrous acid ; for when the acid is 
freed from nitrous acid, its action on metals is ex- 
tremely slow, and its rate of action increases wdth 
increase in amount of nitrous acid. The nitrous acid 
seems to arise in the first i)lacc from electrolytic 
action set uj^ between tlie metal and traces of 
impurities contained in it. The nitrons acid forms 
a nitrite of the metal, :ind the nitrite is deconipose<l 
by the nitric acid. In tlie case of copper the 
reactions are : 

Cii + IIINO.. 4 - 2H,0 4 - 2 NO 

Cu(NO,), + 2HNO, = t*’u(N(),X 4- 2 TINO 2 

2NO 4-11,0 4 - UNO, 3nNO, 

When the nitrous acid reaches a certain concentra- 
tion the third reaction becomes reversible, ami at 
this stage nitric oxide escapes. P»ui other reactions 
occur too, owing to decomposition of the acids 
in other ways ; thus wdth copper an<l nitric acid of 
sp. gr. 1*2, besides 90 ]>er cent, of nitric oxide, 10 j)or 
cent, of nitrogen peroxide is evolved, while with acid 
of sp. gr. 1*3 and over the only products are nitrogen 
trioxirle and peroxide. Nitric acid acts on silver, 
bismuth, and mercury very much in the same way as 
on copper. With lead the reduction products are 
different — 40 per cent, nitrous oxide, 50 per cent, 
jiitric oxide, and 2*6 per cent, nitrogen peroxide. In 
general, when nitric acid acts on mcUils, a nitrate is 
produced and reduction products of the acid, which 
vary with the nature of the metal, concentmtion of 
acid, and temperature. Ammonia is among the re- 
duction products when the dilute acid acts on tin and 
iron, and even hydrogen is evolved as such when the 
acid acts on magnesium, {d) On organic compounds 
it acts : (1) As an oxidising agent ; e.g. canc sugar is 
oxidised to oxalic acid. (3) On fatty compounds con- 
taining hydroxyl groups to form nitrates. This 
action occurs in absence of nitrous acid and in pre- 


sence, as usual, in case of ester formation, of a 
dehydrating.agent ; e.g. cane sugar gives an octo- 
nitrate with concentrated nitric and sulphuric acids. 
The preparation of nitro-glyccrine and gun cotton 
are other examples of the formation of nitrates. 
See aUo Ethyl Kite ate. (3) To form nitro- 
compounds, e.g. Nitrobenzene {q.v.) Nitric acid is 
formed in the atmo.«?phere during electric discharges. 
Nitrogen combines with oxygen to form nitric 
oxide, which then unites with a further quantity of 
oxygen to form the peroxide, and the latter in 
contact with water gives nitric acid, 3NO^ + TI.p = 
2HNOg -f NO. This change has been imitated on a 
manufacturing scale for the production of nitric 
acid. Ordinarily the acid is prepared by distilling 
potassium nitrate with sulphuric acid on the labom- 
tory scale, or sodium nitrate in place of the potassium 
salt on a manufacturing scale. The distillate is 
always yellow on account of dissolved nitrogen 
peroxide, and it contains water and other impurities. 
To remove water it is mixed w’ith concentrated 
sulphuric acid and redistilled ; to remove nitrogen 
peroxide dry air is passed through the acid at a 
temperature not exceeding 35°C. The air used 
should be filtered througli glass w'ool to remove dust. 
Such pure strong acid must be kept in the dark, as 
it is decomposed by light, the nitrogen j)eroxide again 
forming and turning the acid yellow. A very stiong 
acid of sp. gr. 1 *5 and rather over, and of a yellowish 
red colour, is much used in organic chemistry under 
the name of “ fuming nitric acid ” for making nitro 
compounds. This acid is ))rodiiccd by using acid and 
nitrate in the proportions rocpiired by the equation 

2KN0, + H.,S0, - + 2nN0„ 

and working at a higher temperature when a part of 
the nitric acid decomposes, giving nitrogen peroxide, 
to which the acid ow*es its red tint. Ordinarily more 
sulphuric acid than this is used ; or more sulphuric 
acid may be used aii<l a little starch added, which 
give.s w’ith a part of the nitric acid large quantities 
of nitrogen peroxide. Nitric acid gives a rose colour 
with brucine and a deep blue colour with diphenyl- 
amine in .strong snlj>huric acid. Both these are deli- 
cate tests, but the latter is given by nitrites, chlorates, 
and other oxidising agents. 

Nitric Anhydride Nitrogen Pent- 

oxide under Nitroubn Oxides. 

Nitric Oxide ^Chem.') See Nitrogen Oxides. 

Nitrides {Chem.') Compounds formed by the 
union of two elements, one of which is nitrogen. 
The compounds of nitrogen with the commoner non- 
metals are not usually called nitrides ; for example, 
the compounds of nitrogen and hydrogen have special 
names : NH, is called ammonia, N^II^ is .called 
hydrazine, and the comiX)und of nitrogen and carbon 
is called cyanogen, C..N j. The compounds of nitrogen 
and oxygen arc called nitrogen oxides. For nitride& 
see under the name of the other element, e.g. under 
Boron Compounds, Magnesium Compounds, etc. 

Nitrification ( Chcjn.) The bacteriological process 
bv which ammonia, liberated from decaying nitro- 
genous organic matter or brought into soils by rain, 
is changed in the soils to nitrates. Two kinds of 
bacteria arc concerned in the pocess, one kind 
oxidising the ammonia to a nitrite, and the other 
kind oxidising the nitrite to nitrate. 
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Nitriles iChem,) Cyanides of organic radicals. 
Compounds of the formula Rn . (CN)“ , where R is 
liydrogen or a hydrocarbon residue, and N is a 
whole number. They are usually colourless liquids 
with an agreeable smell, and except the simplest 
members insoluble in water ; e.g. formonitrile and 
acetonitrile are soluble in water, propionitrile only 
partly soluble in water. They are named in two 
ways: from the acid forme<l on hydrolysis, e,g, 

acetonitrile, CHgCN, which yields acetic acid on 
hydrolysis ; (^) from the alcohol radical united to the 
•cyanogen group, e,g. methyl cyanide, CH,CN. Again, 
may be. called beuzonitrile or phenylcyanide. 
Nitriles can be obtained in many ways: (1) From 
potassium cyanide either by heating its alcoholic 
solution witli an alkyl iodide or bromide at 100° 
or over, or by distilling it with an alkyl hydrogen 
sulpliate. In both cases some of the isomeric 
isocyanide is formed, which may be removed by 
warming with dilute hydroohloric acid. The nitriles 
can be separated from their aqueous solutions, when 
they are soluble in water, by addition of calcium 
chloride. (2) By the action of phosphorus j)cnt- 
oxide on an acid amide, a reaction which goes in 
the case of acetamide without heating : 


CILC - (T1,C = N + 11 

As the acid amides are tlicmsclves obtained by 
dehydration of ammonium salts, nitriles can be 
obtained directly from ammoniuin salts by acting 
on the latter with suthcicut of the d<ihydrating 
agent. (11) By the action of acetic anhydride or 
acetyl chloride on an aldoxime; this is also a 
deliydrating action : 




II 

NOU 


Aoetaldoxime. 


cii^co/ 


CILC ; . N +■ 

2 cn,coon. 


Acetic Anhydride. 


(4) Aroinaiic nitriles can also be obtained by the 
preceding methods, but are best obtained by one of 
the following: (a) From the diazo-compound by 
action of potassium cyanide and copper sulphate ; 
{b) by distillation of potassium cyanide with the 
potassium salt of the corresponding sulphouic acid, 
ff.g» b^Dzonitrile : 

C6II5SO..OK + KCN « O.II5CN + K.,8SO,, 

FoUvfwium Benzene fiulphonate. 


(c') From the corresponding acid by distillation with 
lead sulphocyanate. The iiilrilc.s have many im- 
portant reactions : (1) On hydrolysis they yield first 
acid amides and then acids. Thus with concen- 
trated aulphuric acid they yield the amide, taking 
up one molecular proportion of water fn^m the acid, 
and the amide, on boiling with water, yields the acid. 
They are also hydrolysed by boiling with alkalis ; 


OH. 

I 

0 + 2H-0. 

Ill 

N 


OH, 


OH, 

I/OH 




Certain aromatic nitriles are either not hydrolysed 
at all or only very slowly, e.g. symmetrical trimethyl- 
benzonitrile is very difficult to hydrolyse, while 
s-t rime thy 1-tricyano. benzene cannot be hydrolysed. 


This is attributed to spacial hindrance by the 
adjacent methyl groups: 


ON 
C 

n,c.c,^^c.CH3 

c 

CH, 


ON 

c 5 

C.CH, 

NC.ck^CCN 

0 

CH,. 


(2) On reduction (sodium and alcohol) the nitriles 
yield amines: 


OH, 


+ 4H 


on. 


C OH* 

ii k 

EUiyUuuihe. 

The method of preparation (1) combined with this . 
reaction forms a method of passing up a homologous 
scries of alcohols, etc. : 


CIJ3OII CH3I CH3CN CHjCTljNIL-^ 
CUfiKfill 

(3) With hydrochloric acid and with hydrochloric 
acid and alcohol they form imide chloridc.s and ethers 
respectively : 


CH.C^pj^ and 


NH 

OC!.H. 


(4) With organic acids and anhydrides they form 
secondary and tertiary amides ; 

PH CH)V . OH, 

CH,C N + . Oil, 

(..H/.O/ \0C.CH, 

(5) They undergo poly merisation on treatment witli 
.sodium. See Kktones. 


Nitrites ( Chem.) Salts or esters of nitrous acid {g.r.) 
The inorganic nitrites arc yellowdsb -white crystalline 
solids, all soluble in water ; the least soluble of them, 
silver nitrite, ’dissolves in about 300 times its weight ot 
cold water, but easily in hut water. They are decom- 
posed on heating, giving olf nitiic oxide and nitro- 
gen jwroxide, and It-aving tue oxide or metal behintl.. 
la some cases a nil rate is certainly formed as inter- 
mediate product. They are ea.sily decomposed by 
acids, liberating the unstable nitrous acid. Oxidising 
agents cou\ort them into nitrates. The nitrites of 
potassium, sodium, and silver are described under 
the compounds of those metals. The organic nitrites 
are volatile, colouilcss, or pale yellow, pleasant 
smelling liquids. See Amyl Nitbitjs a7td ETJiyn 
NiTBiTE, They arc iHr»moric with the corresponding 
nitro-corapounds. Their constitution is represented 
thus: R-0 . NO, because they are easily hydrolysed 
to alcohols and nitrites ; also 0 x 1 reduction they 
yield an alcohol and ammonia, e.g. 

C„H.O.NO + HOK = r.ll,01I + NO.OK 
C.,h;o . NO + GH - njIjOll + NH, + H,0 

Nitrobenzene CgILNO.- A slightly yellow 

liquitl which smells like oil ot bitter almonds, and is 
therefore used, though poisonous, as a flavouring 
agent under the name of essence of inirbano ; melts 
at 3°, boils at 20i>°; nearly insoluble in water, but 
easily soluble in the usual organic solvents, such as 
alcohol, ether, acetic acid, benasene, etc.; specific 
gravity, 1*2. It is obtained by gradually adding a 
mixture of concentrated nitric and sulphuric acids 
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(12 parts to 18 parts) to benzene (10 parts), with 
constant stirring, and cooling so as to keep the 
temperature below 25° at first ; when most of the 
acid has been added, the temperature may be allowed 
to rise, but not over 50°. After standing, th€^ lower 
layer of acid is run away, and the nitrobenzene well 
washed by water, or if required very pure, distilled 
in steam; it can be dried over calcium chloride. On 
reduction with an acid reducing agent it yields 
aniline (g»v ,) ; with a neutral reducing agent such 
as aluminium amalgam and water it yields, in ether 
solution, an intermediate product, phenyl hydroxyl- 
amine. See Nitroso Compounds. With alcoholic 
potash or sodium amalgam and alcohol, etc., it yields 
azoxy benzene (^.v.) : 

2C.HjN<f + 6II = Cells . N - N . + .STl.O. 

NO 

See alee Quinoline, On electrolytic reduction in 
strong acid solution it yields paramidophonol : 

c.H»N^o . JJQ c.n,Nnr 

On further nitration it yields metadinitrobenzenc, 
HNO„ 70 : Il^SO,, 100 ; . 100 parts. Tem- 

perature 70° to 100°), which is a slightly yellowish 
crystalline solid melting at 90®. Nitrobenzene is 
only acted on by bromine and chlorine to form 
substitution products, when a halogen carrier, 
Fed,, is present, and it forms the meta derivative 

NO, NO, 


Br 

Hitpo-CompoiindB (Chem.) Compounds of the 
formula KN(NO,)n, when K is an organic residue 
which may be of any degree of complexity, and N 
represents the valency U. They are divided into 
two well defined groups, rk. (a) fatty nitro-com- 
ponnds, (fj) aromatic nitro-componnds. The fatty 
nitro-compounds cannot, as a rule, be obtained by the 
direct action of nitric aci<l on the liydrocarlxm. In 
8(>me of the higher paraflin hydrocarbons direct 
'nitration can be effected by nitric acid, but the 
process is accompanied by oxidation. Thus normal 
hexane is nitrated by nitric acid when boiled with 
it for several days, yielding a. mono- and a dinitro- 
hexane ; the higher paraffins are more easily nitrated, 
and the iso-paraffins still more easily. The nitro- 
paraffins are usually obtained by the action of 
silver nitrite on an alkyl iodide, when they are 
usually obtained mixed with the isomeric nitrite, 
from which they can be separated by fractional 
distillation, the nitro-com pound having the higher 
boiling point. They are colourless liquids, not 
hydrolysed by caustic soda as the nitrites arc ; on 
T^uction they yield hydroxylamines, then amines. 
With alcoholic soda or sodium ethoxide, primary 
nitro^paraifins form sodium salts, which are explo- 
sive. Because of this salt formation it is assumed 
that the primary nitro-paraffins can have two isomeric 
forms ; e.g. 

.n 

(1) CH,CH*NO^ and (2)C1I,C<^ 

• ^NO . OH 

Form (1) being stable, Form (2) being unstable and 
giving rise to the salts. The two forms have not 
been obtained in the case of the simple nitro-paraffins, 


but they have been obtained in the case of phenyl- 
nitro-metbane : 

(1) (2) ^ 

^NO.OH 

Form (2) is obtained by making the sodium salt and 
acidifying it, when Form (2) separates as a crystalline 
solid, wffiile Form (1) is an oily liquid. Sffe Pseudo- 
Acids. An interesting reaction of the sodium salt 
of nitro-methane is the formation of mercury 
fulminate when its solution is added to a solution of 
mercuric chloride : 

2^>C = NO . ONa + HgCl, - 2H5O + (C - NO).Hg 
+ 2NaCl. 

The action of nitrous acid on the nitro-paraffins is 
dependent on the position of the nitro-group. 
Primary nitro-paraffins yield nitrolic acids, secondary 
p.seudo-nitrol8, tertiary are unacted on. The equa- 
tions make this statement clear : 


CJh 

/H I.NOH 

CHj . (if TI + ON . OH = C<f -f IT,0 
\nO.‘ XNOg 

Nitro ethane. Methyl Nitrolic Acid. 

(CH,),C + ON. on - (CH,).C<^0 ^ 

leouitropropane. Isopropylpeeadonitrol. 


(CH3),C.N02 + ON. OH 

Tertiary Nitrohutane. 


No action. 


The nitrolic acids are colourless, but yield red sodium 
salts, while the pseudo-nitrols are blue. iSpcNlTROSO- 
( Compounds. The aromatic nitro-compounds are 
usually obtained by direct nitration ; that is to say, 
by the direct action of nitric acid of various 
strengths, or by the direct action of a mixture of 
i nitric and sulphuric acids, the sulphuric acid acting 
I Ob a dehydrating agent, on the compound whose 
j nitro-derivative is required ; cxamplfS of direct 
I nitration are given under nitro-benzeue and picric 
acid. But some aromatic compounds cannot be 
directly nitrated, <7.^. the amines. To nitrate amines 
they are converted into salts or acid derivatives. 
Thus to nitrate aniline it may be converted into 
sulphate by addition of a large excess of sulphuric 
acid and then nitrated, or it may be converted into 
acetanilide, and the acetanilide nitrated. On 
nitrating licnzene and its derivatives certain regu- 
larities are observed. If one nitro-group is already 
present a second nitro-group will assume the meta- 
position with respect to the first; if other groups 
are present, the rule is as follows : with au un- 
saturated group already present the nitro-group goes 
chiefly into the meta-position, but with a ssfturated 
group it takes the para- or ortho-position; e.g. 


groups 

/O 


OH 




/H 


-S<40 


Wo’-^'xoh’ 


- C = N, 


are unsaturated ; groups 

01, Br, -N<^, -on. -OCH, 

are saturated (R is hydrogen or any monovalent 
element or group). The aromatic nitro-compounds 
are usually yellow liquids or solids of pleasant smell. 
But paranitrophenol is white, and only its salts are 
coloured. Nitrobenzene smells of almonds, and 
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1 : 3 : 5 -<Iimetliyltevtiarybatyltrimtrobenzene has a 
powerful smell of musk (artificial musk). 

CH5, 

NO, 

The nitro-compounds of aromatic substances are very 
important because on reduction they yield amines 
wliich are of extreme importance in dye making and 
in the preparation of other aromatic compemnds. 
See J)iazo-Ueaction. For the reactions of a typical 
iiitro-compound see Nitkobenzkne. See also under 
Naphthalene and Naphtuols. 

Nitrogen {Cheni,) N. Atomic weight, H. A 
colourless gas; no smell; melts at — 214""; boils at 
194° ; slightly sohible in water (UK) ec. water dissolve 
I 5 cc. at 1;)° and 7G0 mm.) I'nites, but only at high 
temperature, with a largo number of other elements. 
Examples : (1) With hydrogen im<lcr the influence of 
electric sparks, wdiere the yield of ammonia is only 
about 0*2 per cent., owing to the reversible character 
of the reaction. If, however, a little dilute sulphuric 
acid is present to take up the ammonia, the wlude of 
the nitrogen can be converted into ammonia. (2) With 
oxygen. When electric sparks from a large induction 
coil are passed in air the oxygen burns in the 
nitrogen to form nitric oxide. St^e Nitric Acid. 
( 3 ) With magnesium. When nitiogen is passed over 
heated magnesium the nitride is formed. Boron, 
cerium, and lanthanum all burn in the gas when 
licated, the two last at the moderate temperature of 
260°. Nitrogen forms about four-fifths by volume of 
the atmosphere (^.r.); it is, in combination, a neces- 
sary constituent of all plants and animals, and 
certain plants are able through the agency of bacteria 
to assimilate the element directly. To obtain it 
chlorine is passed through excess of the strongest 
ammonia. 

/ 2 NH, + 3C‘b - N, + fiTK’ll 

(GNIT, + 6HC1, 6NH,C1 / 

Or .strong solutions of sodium nitrite and ammonium 
chloride arc mixed in molecular proportions, and the 
mixture gently warmed. 

NaNO., + NH,Cl-NaCl-i-2IT./) + N 2 . 

Many attempts have been made to utilise the atmo- 
spheric nitrogen-— for example, in the preparation of 
nitric acid (f/.r.) When niti ogen is passed over heated 
calcium carbide a mixture of calcium cyanide and 
cyanamide residts. The latter on heating with carbon 
and common salt is changed to calcium cyanide. 
From calcium cyanide either alkaline cyanides can 
be prepared by the action of alkaline carbonates or 
ammonia can be prepared by heating it with water 
under pressure : 

Ca(CN)., + 3 H 3 O = CaCO, + 2 NH 3 . 

Nitrogen Chloride NCI 3 . A pale yellow 

liquid ; its sp. gr. is about 1*6 (it sinks very slowly 
in a solution of ferric sulphate, sp. gr. 1*578. I*orret, 
Wilson, and Kirk, 18 J 3); very explosive ; its vapour 
strongly affects the eyes and mucous membrane of 
the respiratory passages, so that it is a dangerous 
suVistaiice to work with apart from its proj^erties as 
an exijlosive. On heating, it explodes at 96°. Direct 
sunlight or burning magnesium wire causes it to 
exploile. It is decomposed by ammonia into nitrogen 
and liydrochloric acid, and by means of this reaction 
Gattermann analysed his pure nitrogen chloride. 


Contact with organic matter, such as wood or 
turpentine, causes it to explode instantly. But a 
solution in benzene (5 to 10 per cent.) has been used 
as a chlorinating agent ; thus it converts aniline, or, 
for a better yield, aniline hydrochloride, into tri- 
chloraniline hydrochloride. It is best prepared by 
the action of chlorine on a warm and saturated 
solution of ammonium chloride ; the oil so obtained 
is washed with water, then treated with a stream of 
chlorine ; finally it is separated, washed, dried over 
fused calcium chloride. It can also be obtained by 
the electrolysis of a solution of ammonium chloride. 

Nitrogen in Food. Is essential for the growth, 
maintenance, repair, and functional activity of the 
tissues. The aiuouiit of nitrogen in diet for an adult 
in ordinary work vaiies from 250 to 350 grains. In 
tlie best diets the proportion of nitrogen to carbon 
is about 1 to 15, Sir F OODS. 


Nitrogen Iodide (f^%m.) NI^.N!!,. The pure 
substance NI 3 has not been prej)arcd. The substance 
of the above formula (NI, . NII3) is a black pow'der, 
or, when prci)ared as described below, a lustrous 
reddish crystalline solid. Jt easily exjdodcs on ix;r- 
cus.sion or friction wdien <lry ; it is also decomposed 
by light ; in the visible .*<pectriim the red rays de- 
compose it fastest. The products of dcconqmsition 
by light are nitrogen and ammonium iodide and 
iodate. It is decomj)osed by water, acids, and alkalis. 
The reactions usually proceed quictlj^ in the cold, 
but with explosion on wanning. The explanation of 
its modes of formation and decomposition is to bo 
found in the reversible reaction — 


3Nii,oi - NI 3 NII 3 -f Nu.on + 21130 . 

Hence nitrogen iodide i.s formed in those reactions 
where ammonium hypoiodite might be expected, and 
the first step in its decomi)Osition is the reformation 
of ammonium hypoiodite. Thus nitrogen iodide is 
decomposed by caustic potash a.s follows : 

NIljNJj -f 3KOII * 2Nir3 -» 3K01 
3K01 = KIO 3 + 2 k I. 

It can be prepared by the notion of ammonia on 
iodine or in crystallised state as follows: iodine 
(100 gr.), concentrated In drochloric acid (300 cc.), and 
concentrated nitric acid (28 cc.) are heated not above 
40^ till all the iodine is dissolved, and a solution of 
iodine chloride. TCI, is formed ; it is then boiled to 
expel nitrosyl chloride. A quantity of this solution 
containing 12*7 gr. of iodine is made u]) to 1 litre ; 
tliis solution is used 15 cc. nt a time, each lot is 
added to 100 cc. of 3 jier cent, caustic potash, and 
then 10 cc. of strongest ammonia are added, and the 
whole shaken. The iodide crystallises out (Chatta- 
way & Orton). Dr. (ihattaway (private communica- 
tion) has prepared tribenzylamine from nitrogen 
iodide by acting upon it with benzyl iodide in 
presence of magnesium and ether, thus showing 
that it contains the group NI 3 . 



' CHjCJT. 


Nitrogen Oxides iCkem.) (l) Kitbous Oxide, 
NjO, Laughing Gas. The anhydride of hyponitrous 
acid. A colourless heavy gas ; no smell. Produces 
temporary unconsciousness when inhaled, hence its 
use in minor surgical operations; and it does this 
even when mixed with oxygen. Melts at —99°; 
boils at -90°. Somewhat soluble in water (78 oc. m 
100 oc. at 15° and 760 mm.) Substances which burn 
in oxygen burn in nitrous oxide when heated to such 
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a temperature as will decompose it ; and as the gas 
is an endothermio compound, the heat evolved in 
such combustions is greater than that evolved in an 
equivalent quantity of oxygen by the heat of forma- 
tion of the nitrous oxide. The products arc the 
oxide of the substance burnt and a volume of 
nitrogen equal to' the volume of nitrous oxide em- 
ployed. It is obtained by the decomposition of the 
corresponding acid, byponitrous acid but 

hyponitrous acid has not yet been prepared from 
nitrous oxide; by reducing a solution of sodium 
nitrite with soclium amalgam at a low temperature ; 
by the action of dilute nitric acid on zinc. But to 
obtain it in quantity ammonium nitrate is heated at 
240^ NlI^NOg = NjO + 211./). For inhalation the 
nitrate used should be free from chloride, and the 
gas obtained from it should be passed through ferrous 
sulphate solution to remove traces of nitric oxide 
which may bo present. (2) Nitric Oxide, NO. 

A colourless gas. Melts at —167®; boils at —154®. 
Very slightly soluble in water; only decomposed by 
beat at a very high temperature. Hubslances which 
burn in oxygen burn in this gas when heated to a 
sufficiently high temperature to decompose it, the 
oxygen forming oxides and the nitrogen being, as a 
rule, set free, and measuring half the volume of the 
nitric oxide taken. It unites with oxygen to form 
nitrogen peroxide, NO^, unless both gases are abso- 
1ute1,> dry, when no union occurs. It is absorbed by 
solutions of ferrous salts, ebromous salts, stannous 
salts, and mercurous salts. With ferrous sulphate a 
dark brown solution is obtained, the formation of 
which serves as a test for nitric acid {nee below) and 
as a moans of purifying nitric oxide {see below). 
Nitric oxide is perfectly absorbed by a strong 
solution of sodium sulphite containing some 
caustic soda, forming sodium hyponitrososulphate, 
Na^N./)2S03, the best method of absorption in gas 
anmysis. It is reduced to nitrous oxide by zinc in 
presence of water. Solution of stannous hydroxide 
in excess of caustic potash reduces it to potassium 
hyponitrite. Nitric oxide is formed by the direct 
union of its elements. Usually it is obtained by the 
action of copper on nitric acid but it is then 

impure. To purify it the gas is passed into a ' 
saturated ferrous sulphate solution, and nitrous oxide 
and nitrogen csea[)e, wliile liigher oxides are decom- 
posed ; the resulting brown black solution is heated, 
and gives off pure nitric oxide. A method of pre- 
paring the pure gOvS directly is to heat ferrous 
sulphate and sodium nitrate together with somewhat 
dilute sulphuric acid : 

2NaNO, + 2H,SO, = \ 

2NaIISO, + 2HNO3 I 

2HNO3 + 6FeSO, + 3H3SO, = ( 

3Fe/SO,), + 2NO -f- 411^0 ; 

(3) Nitrogen Tbioxide, NjO, (anhydride of nitrous 
acid). Not known in pure condition in the gaseous 
state, for at ordinary temperatures it decomposes 
nearly completely into nitric oxide and nitrogen 
peroxide. The blue liquid obtained by condensation 
of the red fumes evolved from arsenious oxide or 
starch and nitric acid contains this oxide, but it is 
not pure, as it undergoes dissociation at very low 
temperatures. When electric .spaiks are passed 
through liquid air a green solid is formed, which 
remains as a bluish amorphous powder when the air 
is evaporated. The solid melts at —111® to a deep 
blue liquid, which easily evolves nitric oxide. 
Analysis of the solid shows it to be pure nitrogen 
trioxide. (4) Nitrogen Peroxide or Tktboxide, 


NOj or NjO^. A liquid which boils al 21®. Its 
colour depends on the temperature. At —10® it is 
a colourless solid ; a little above this it melts to a 
yellow liquid, becoming red as the temperature rises : 
above its boiling point it is a red brown gas, which 
deepens in colour as it is heated, till it appears nearly 
black (140®). At 140® it Las the formula NO,; at 
26*7® it consists of only 20 per cent., NO, ; the rest is 
N/)^. The liquid has the formula N.P4, but this 
dissociates on diluting its chloroform solution. 
About 620° the gas becomes colourless, forming nitric 
oxide and oxygen. Anhydrous liquid nitrogen 
tetroxide is a good solvent for many organic com- 
pounds, such as the saturated hydrocarbons, nitro- 
compounds, many acids; but unsaturated hydro- 
carbons, hydriixy-compounds, and amines are 
attacked. Example : Najjhthalene gives 1 : 6 dinitro- 
naphthalene, and phenol gives 2 : 4 dinitropheuol. 
It is decomposed by water: 

3Na, + H.p = 2HNO, + NO. 

Phosjffiorus, charcoal, and potassium will burn in it. 
When moist it attacks mercury and many other 
metals forming nitrates. It is usually obtained by 
heating lead nitrate, 

J^I?(N03), - PbO + 2NO3 + O. 

The oxygen is separated by passing the gases 
through a tube immersed in a freezing mixture, from 
which the oxygen escapes uncondensed. To obtain 
large quantities, lumps of arsenious oxide are treated 
I with concentrated sulphuric acid and fuming nitric 
acid, cooling at first, then warming till the reaction 
stops. The gas is condensed, dehydrated by phos- 
phorus pentoxide, dry oxygen passed through it, 
and finally it is distilled. (5) Nitrogen Pent- 
oxide, NjOj (the anhydride of nitric acid). A 
white crystalline solid. Melts* at 30® ; deoumposen 
easily into nitrogen peroxide and oxygen; unites 
with water to form nitric acid. It is formed by the 
action of ozone on nitrogen peroxide ; by the action 
of dry chlorine on dry silver nitrate; and by dis- 
tilling the strongest nitric acid (^.r.) with phospiiorus 
pentoxide. 

Nitrogen Sulphides {Chem.) Two arc known: 
(I) Nitrogen sulphiile, obtained by the action 

of ammonia on sulphur cliloride ; forms yellowish 
red crystals at 135°; it exidodes when struck; melts 
with decomposition at 158°. Heated with carbon 
disulphide at 100° under pressure, it yields (2) 
Nilrogjn pentasulphide, N^S^ — a red liquid which 
does not wet glass ; melts al 10° ; insoluble in water, 
soluble in usual organic solvents; decomposed by 
light into and S. Boiled with water or alkalis 
it gives ammonia and sulphur. A trace of alcoholic 
potash gives a transient violet red coloration 
(Test). 

CH.,ONO.. 

I ‘ ‘ 

N itrogly oerine ( Chem , ) CHON 0.>. is not a uitro- 

CII^ONO, 

compound, but the trinitrate of glycerine. It is a 
colourless liquid ; sp. gr. 1*6; melts about 10°; no 
smell ; sweet taste ; used in medicine, as it acts like 
amyl nitrite ; poisonous ; insoluble or nearly bo in 
water, but soluble in the usual organic solvents ; it 
can be dist illed in steam. On beating, it volatilises 
even at 1(X)®, and about 180° it explodes ; it is also 
exploilcd by a blow or by a detonator, especially 
mercury fulminate. It can be burned without 
explosion if it is kept warm, but it explodes if 
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temperature reaches Nitroglycerine is 

iiydrolysed by alcoholic potash to glycerine and 
potassium nitrate, thus behaving like a true nitric 
acid ester. To prepare nitroglycerine on a large 
scale a^pray of pure glycerine is driven by com- 
pressed air into a mixture of pure concentrated 
sulphuric acid and nitric acid ; as heat is developed 
in the process the temperature is carefully regulated 
by cooling with water which runs in leaden coils in 
the nitrating vessels. After the operation is over 
the nitrogl 3 'cerine collects above the acids, whence 
it is run into water and tlioroughly washed; then 
with a weak alkaline solution to remove the last 
traces of acid ; finally it is dried by filtering through 
felt. When in a pure state it can be kepi with 
safety. Nitroglycerine is used in the manufacture 
of explosives such as dynamite, blasting gelatine, 
cordite, and others less well known. 

Nttifohydrochlopio Acid (67^/a.) Another name 
for Aqua Kegia (y.r.) 

Nitromuriatic Acid. Set' Aqua Begia. 

KitFOBO-Compoaiids (^Vhem.) Compounds of the 
formula B— NO, where B may be a monovalent 
residue from many different classes of compounds such 
as hydrocarbons, amines, phenols, nitro-compounds, 
and many others, e.g, nitroso-benzene, 
dimethylnitrosainiue, (Cn 3 ) 2 N . NO ; nitrosophenol. 

C,H, ; propTlpseudonitrol,( CH,),C • 

Nitroso-compounds are obtained in a variety of 
ways, the following being only a few of them ; (1) 
Oxidation of certain amines by Caro’s aei<l. See 
SULPHUK Compounds. The aminos which under- 
go this reaction arc those having the nitrogen atom 
united to a tertiary c.arbon atom, and aromatic 
amines such as aniline— 

(cn,),c . N<“ (CH,).C . N <2® ^ 

Tertiarybutylamiiie. 

(CH^XC . N = O 

-> Qn,-N = 0 

Aniline. ^-phenylbydroxylamine. NitroHobenzene. 

(2) Nitro-compounds are reduced to hydroxylaraines 
by aluminium amalgam or by electrolysis in acetic 
acid solution, and the hydroxy lamincs are oxidised 
by chromic acid to nitroso-compounds. 

/ O / OH 

CeH^N^^ ^ CsHsN/ C6n5,.NO. 

(3) Action of nitrosylchloride on unsaturated 
hydrocarbons, e.g. 

(CH.XC « CHCH, - C<;1h 

NOCl QV ^NO 

Trimethyletbylene. TrinLetbyltitbylonenitTOBocibloride. 

This reaction is very important in the chemistry of 
the Terpenes (^.tr.) (4) Nitrous acid reacts directly 
with secondary amines and with nitro-compounds 
derived from secondary alcohols to form nitrosamines 
and pseudonitrols respectively : 

(C,H5),NH + ho . no « (C,H5),N . NO + H,0 

(CH,),C<N®« + HONO = H,0 

This reaction is important in distinguishing second- 
ary from primary and tertiary amines, and secondary 
from primary and tertiary alcohols. A similar 
reaction to that with the secondary amines occurs 


witli nitrous acid if one of the alcohol radicals is 
replaced by an acid radical, e.g. 

+ HO. NO -®^^N.NO + H,0. 

Aoetanilid«. NitroBoaoetanilide. 

The fatty tertiary amines do not react with nitrous 
acid; but the aromatic dialkylamines form para- 
nitroso-compounds, e.g, 

/CH, /CH, 

N<f^CN, -»■ HO . NO » N;^CH, + H-O 
\CeH 5 \c.Hr,.No 

Dimethylaniliue. Faranitrosodimetbylaniliiie. 

Se€ Gallocyaninb and Nbutbal Red. (6 ) 
Nitrosophenols result from the action of nitrons 
acid on phenols, while their ethers are obtained by 
method ( 1 ) from aminophenolethers. The nitroso- 
compounds are mostly blue or green in colour when 
in solution or in a state of fusion ; but in the solid 
state they are white. Thi.s is due to the fact that 
they readily polymerise to bimoleoular compounds ; 
but the nitroso-compounds of secondary amines are 
yellow oils. E.g. nitrosobenzene is a white solid 
which melt s at 68 "" to a green liquid ; paranitrosophenol 
is a white solid which decomposes on melting, but is 
soluble in water or alcohol, forming a green solution ; 
propylpseudonitrol is a white solid which melts at 
76° to a blue liquid ; it dissolves in cold benzene to 
a colourless solution, which turns blue slowly on 
standing and quickly on warming. Many nitroso- 
compounds easily pass into the so-called iso-nitroso- 
compounds, which are really oximes. E.g. 

CH,\ /CH, 0H,\ yCH, 

n/ \\0 ('i/ >NOH 

Analogous to ibis transformation of fatty nitroso- 
compounds is no doubt the tautomeric beha\iour of 
paranitrosophenols as quinonemonoximes. 

/on 

c.n,< -s. 0,114 

\no %noh 

When nitroso-compounds are caiefuUy reduced they 
yield hydroxylaraines ; on strong rerliurtion, amines. 

C.H,N = 0 -» C,H,N<0” C.H,N<j“ 


C.H.N = O 


C.H,N<« 


(CH,),N . N 




(On,),N.N<“ 

Dimetbylhydruziiie. 

^ (CH,) 3 NII NH 3 


Duuethylaniino. 

On oxidation, nitroso-compounds arc in many cases 
converted into nitro-compoimds. E,g. 

(CH,),c + o = (cn.),c<^g« 


0,H,NO 


/S^-DinitTopropane. 


Nitrobenzene. 


Asa common example of the application of nitroso- 
compounds may be mentioned the laboratory method 
of separating aniline from methylaniline. The 
mixture is made into hydrochloride and treated 
with nitrous acid, when the aniline forms diazo- 
benzcnecbloride, and the methylaniline forms the 
nitroso-compound, which can be separated by eztrac-. 
tion with ether and methylaniline, obtained from it 
by reduction with tin and hydrochloric acid. Other 
examples of their use have been given above. 
ParanitroBodimethylaniline in particular is used in 
making dyes. 
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Nitvotalplionio Add (Chem.) 


called Kitrosyl Sulphuric Acid and Leaden Chamber 
Crystals. Nearly colourless crystalline solid ; melts at 
with decomposition ; decomposed by cold water. 


+ HOH = 


+ NO.OH 


At a higher temperature the nitrous acid decomposes, 
giving its unstable anhydride : 

2NO. OH = NjO, + 11,0 = NO, + NO + H,0. 

The acid is found in the leaden chambers used in the 
manufacture of sulphuric acid when steam is deficient . 
It can be prepared by saturating nitric acid with 
sulphur dioxide or sulphuric acid with nitrosyl 
chloride : 


NO,.OH + SO. 


= «o/* 


NOCl + SO; 


OH .NO 
\ - SO,/ 

^OIT \0H 


'^OH 

,N0, + HCl 


It is also formed in solution in sulphuric acid in the 
Oay-Lussac tower, used to absorb the nitrogen per- 
oxide carried away by the escaping leaden chamber 
gases in the manufacture of sulphuric acid. 

/OH /NO, 

fiO,( + 2N0;= SO./ + NO.OH 
\0H ‘ \0H. 

Nitrosyl Chloride (Chem.') ON . Cl. A yellow 
gas ; melts about — and boils at - 8°. Decom- 
posed by water and by alkalis : 

ON ,C1 + HOH - CIH + ON . OH. 

Unites with many unsaturated organic compounds to 
form iiitroso-compounds {q.v.) ; e.g, 

(1) CIJ,\ . CII, 

+oNOi« 

CH,/ 

TrinioiLyloibylene. 

C'lIjX / Cl 

Cn,->.N - 

Cl / \ NO 

TrimetbylethyleDenitroiibOcltloride. 

(2) It unites with many terpenes to form ter- 

pcnenitrosochlorides. Nitrosyl chloride is formed 
by direct union of nitric oxide and chlorine in the 
presence of light and a catalytic agent such as carbon ; 
but it is best obtained by warming a mixture of 
ordinary’ concentrated nitric and hydrochloric acids 
(1 vol. to 4 vols.) 

HO. NO, + 3HC1 = NOCl + 2H,0 + Cl.,, 
drying the gases over calcium chloride, and passing 
them into concentrated sulphuric acid, which only 
unites with the nitrosyl chloride, which may ^ be 
obtained from its solution in the acid by warming 
with dry common salt. The gas is condensed in a 
tube immersed in a freezing mixture. 

Nitrons Acid {Ckem.^ HNO, or ON. OH. Un- 
known in pure condition. It is capable of existing 
in aqueous solution as a blue liquid at low temper- 
atures ; but if the temperature rises it decomposes : 
30N . OH « 2N0 + HNO, + H,9. It is a very 
important, reagent in organic chemistry. 
Diazo-Kbactionb and Nitkobo-Compounds. When 
required as a reagent it is generated by acting on a 
nitrite with an acid. ON . ONa + HCl — ON . OH + 
NaCl. 


Nobllnf {Met.) See SRlKGLlNa. 

NobliJtB iMet,) The name for blocks of puddled 
iron 10 or 12 ^n. square and 1} to 2J‘ in. thihkt 
obtained by shingling (q.v*) the puddled balls of 
iron under a helve or hammer. Also called Stamf- 
ING9. Sea Stamps. 

Nocturne iPaint.) The term applied to a painting 
representing some impression of night. 

Nodal Points of a Lens iLlght), These are points 
defined by the property that if the direction of a ray 
approaching the lens passes through the first nodal 
point (when produced), it will emerge as if it came 
from the second nodal point, and will also be parallel 
to the Incident ray. When the media are the same 
on both sides of the lens, the nodal points coincide 
with the Principal Points (q.v.) 

Node (Sauridu') A node is a point in a vibrating 
body (or medium) which remains permanently at 
rest. In a stretched string, the ends are always 
nodes ; if the string be vibrating in two halves, so as 
to emit its first overtone, the centre is also a node. 
In an organ pipe, a closed end is always a node. 

Nodes (Astron.) The intersection of the orbit of 
one planetary body with that of another; in particu 
lar, the intersection of the moon’s orbit with the 
ecliptic. 

Hogging Pieces (Carj?. and Join.) The horizontal 
pieces in a quarter or brick nogged partition. 

Noil ( Worsted Mannfac., etc.) Short neps of fibres 
removed in the process of combing. A valuable 
material, and used in the woollen carding. See Nep 
and CAHDiNG. 

Noiling Motion ( Worsted Manufac.^ etc.) The 
motion on the combing machine for extracting short 
fibre. This is done constantly throughout the process 
of combing. 

Nomenclature, Chemical. Names of metals usually 
end in -um i>r except the names of a few 

common metals such ns iron, copper, tin, etc. ; in 
these cases tlie Latin names end in e.g. Ferrum, 
Cuprum, Stannum. Selenium and Tellurium, which 
arc not true inetaJs, have also this termination ; it 
ha.s been proposed to change their names to Sclenion 
and Tellurion. Compounds of two elements are 
named by taking the name of one of the elements 
and putting that first, then altering the termination 
of the second element to -irfff, and pulling the altered 
name second ; this rule in followed unless the com- 
pound has a common name. AVhen the two elements 
unite in more than one proportion the proportions are 
indicated by using Latin or Greek numerical prefixes 
before one or both the names. Examples : Water is 
sometimes called hydrogen monoxide; a compound 
containing more oxygen is called hydrogen dioxide 
or hydrogen peroxide. See Oxides, Chlorides, 
Sulphides, Nitrides, etc. Acids have often 
common names, e.g. nitric acid, HNOj; acetic acid, 
CIIjCOOH. Acids containing only two elements, one 
of wliich must be hydrogen, are named as in the ca«e 
of hydrochloric acid, HCl; hydrobromio acid, HBr, etc. 
Acids composed of three elements, of which oxygen 
is one, are named so as to indicate the amounts of 
oxygen they contain as follows ; 

Perchloric acid, HCIO^. Phosphoric acid, Hj,PO^ 
Chloric acid, HCIO,. Phosphorous acid, H-PQ,. 
Chlorous acid , HClOo. II ypophosphorus acid, HjPOj. 
Hypochlorousacid, HCIO. 

Persnlphuric acid, Nitric acid, HNO^ 

80 
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Bulphuric acid, ILSO^. Nitrous acid, HNO„. 
Sulphurous acid, Hj,SO,. Hyponitrous acid, HNO. 
Hyposulphurous acid, H^SO^. 

Salts derived from these acids are named by stating 
the metal first, then the acid with its termination 
changed to -ate if it ends in -ie, and to -ite if it ends 
in •onit. Example : 

Nitric acid forms potassium nitrate. 

Nitrous acid forms potassium nitrite. 

Hyponitrous acid forms potassium hyponitrite. 

Some metaU combine with the .same acid indifferent 
propoi’tions : in this case the salt containing the 
greater proportion of metal is named by clianging 
the termination of the metal to -oms. Example : 
Mercurous sulphate, Hg.SO^. 

Mercuric sulphate, TTgSO,. 

Ferrous nitrate, Fe(NO.,l2. 

Ferric nitrale, Fe(NOa)3. 

See also Anhydhidb, Hyduoxide, Acid, Halt, 
Alkali. In Organic Chemistry the nomenclature is 
very complex. Most clauses of organic compounds 
are briefly de.sciibed undt*r the ccrrespontliiig 
headings. See for example JlYDiiocAitBONs. 
Alcohols, Aldehydes, Ketones, Paeafetns, 
'Oktho-, Meta-, and I'aiia-Compoundh, Oximes, 
Amines, Nitbiles. The Geneva or International 
System of Nomenclature may bo briefly described. 
The paraffin hydrocarbons have names which end in 
-flw. See Pabaffins. When the chain is branched, 
the longest straight chain is taken as the parent 
substance and the position of the .sub>tituting group 
is given by a number : if the substituting group h.as 
itself substituents which are parallin residues the 
termination of the subslitiiciit is changed from -ane 
to -0, and its position indicated by a number placed 
as an index above the number of the first substituting 
group, the numbering starting from t he carbon atom 
attached to the parent chain. Example : 

1 2 3 4 3 0 7 

CH. . CH, . ClI^ . CH . CH,. Cllj . CH3 

4'CH . CK, 

would be called metho-4’-ethyl-4-hcptane. Names I 
of alcohols end in -0/, the position of t lie — OH group 
being indicated by a number, ExamiJle : 

CH, CH, CH.,OII 

CHOH CHOH OH, 

I I I 

CH3 CEi,oH rii,on 

Pro|KiDe-2>oh Proiiaue-l : 2-diol. Projwinc-l": 1 '-UjuJ. 
Aldehyde.s have name.s ending in ~al. 

Ketones have names ending in -(me. 

Amines are named as amino-substitution products of 
the hydrocarbons ; saturated ring hytlrocarbons are 
named after the corresponding paraffins with the 
prefix cyclo. Example; 

CH, 

Cyclohexane. 

H.,Ck^CH, 

CH, 

Unsaturated hydrocarbons containing ethylene 
linkings have names ending in -ene^ and the number 
of double linkings is indicated by a numerical prefix, 
the positions of the double bindings being indicated 


by numbers placed after the temination -ene. 
Example : Dimethyl, 2 ; 6 ; heptadiene, 4 ; 6. 


1 2 3 4 5 6 7 

OH, . CH - CH, CH « CH - C « CH,. 


I I 

CH, CH, 

Acids have names ending in ^oio and derived from the 
corresponding hydrocarbon. Example ; Formic acid, 
HCOOH, would be called methanoic acid. An im- 
portant method of indicating double linkings in tbo 
benzene ring due to von Baeyer must be mentioned. 
The Greek letter A indicates a double binding, and, 
starting from position 1 in the ring, the position of 
the double binding is indicated by a number placed 
after the letter, the number indicating the first 
carbon atom reached, bearing the double linking. 
Example : 


COOH 

CH 


lie CH 

I' A 2 : 6 dibydroterephthalic acid. 



CH 

COOH 


General examples : Tnacefylmethylol-2-nitro-2- 

propandiol-1-3. 

Clip . COCK, 

0,.X.C.CH,0.C0CH, 

L'llJ) . COCHj 

3-methyl- A*-kclo-U-hcxeiie, (tt stands for ring 
or cyclo). 

CO 

HX \ CII 

i3„c Jc.cn, 

CH., 

Nominal Horse Power The amount of 

power which an engine 1.? dcclarefl by the designers 
or manufacturers to develop. Sec Indioatobs 

Non (^Mnsic), Not. 

Non-Conductor ^Elcct.) See Insulating Ma- 
terial, etc. 

Nonet A composition for nine voices or 

instruments. 

Non-Inductive Circuit ( Elect . ) An electric circuit 
which possc.ssos a very .^mall amount of inductance 
{{[.v .) ; no circuits are absolutely noii-iudu(!tive, but 
the term is applied to those in which the inductance 
is negligible. 

Non-Metals (Chem.) The common non-metals 
are : Hydrogen, Fluorine, Nitrogen, Oxygen, Chlorine, 
Bromine, Boron, Carbon, {Silicon, Phosphorus, Sulphur, 
Arsenic, Iodine. Much less common is Belenium. 
Tellurium may be classed as a metalloid ; that is, it 
has partly metallic and partly non-metallic proper- 
ties. The first five are gases, bromine is a liquid, 
the rest are solids. They all form gaseous hydrides ; 
that is, compounds with hydrogen. They are bad 
conductors of electricity with the exception of 
carbon ; they are bad conductors of beat and not 
malleable or ductile. The majority form chlorides, 
which are decomposed by water giving acids. They 
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all combine with oxygen except fluorine, and the 
great majority of these oxides give acids with water ; 
water (q.v.) is both an acid and an alkali. Nitric 
oxide and carbon monoxide have no acid properties. 
The inert gases, Argon, Helium, etc., must be regarded 
as forming a class by themselves, as, on account of 
their wanting chemical activity, they cannot be 
classed either as metals or non-metals. 

Nonpareil Type between emerald and 

pearl. See Type. 

Non Pathogenic Bacteria. See Bacteria. 

Non-Slipping Tyres ( Cyelee, Maters), See Tyres. 

Non-Slip Stone. See Artificial Stone. 

Noon {Astron,) The moment of time when the 
sun is on the meridian. The astronomical day 
commeiiccu at noon. 

Nopalea {Botany), A plant of great interest 
{Napalm cocchiellifera ; order, Cactacete). It is 
<;ultivatcd princij)al)y in Mexico and other warm 
parts of America, and in addition to producing an 
edible fruit is used for rearing cochineal inscct.s. 

Nordhansen Sulphuric Acid {Chem.) Seennder 

Sulphur Compounds. 

Normal {Math.) The Normal to a curve is a line 
drawn from a point on the curve perpendicular to 
the Tangent (^.v.) to the curve at the same point. 

{Min.) The Normal of ;i crystal face is a | 

line througli the oiigin, perpendicular to the plane ! 
of the face. 

Normal Salt {Chem.) See Salts. 

Normal Solution {Chem.) See Volumetric 
Analysis. 

Norman Architecture. The architecture of 
England between the years 1066 ancl 11S9 A.D. It 
is also known as English llomanesqut^ The principal 
features <>f this style are as follows; — Mouldings: 
Simple, br»ld, not undercut, and frequently enriched. 
See Beak Head, Billet, Chain, and Star 
Moulding, Chevron, Cajfitals: Usually of the 
cushion type, and frequently carved. See Cushion 
CAPITAL. Biers : Heavy square or cylindrical 
masses at first, but as the style developed the piers 
became lighter, and baiuied shafts were used. 
Arches: Semicircular, fiequently richly moulded. 
Door trays : These are usiially the most ornate 
features in the design, the arches being richly 
moulded, and clustered shafts used in the jambs. 
Windov's: Semicircular hoade<l, and frequently ar- 
ranged ill pairs with a shaft between. Vanlts : Barrel 
vaults, groined vaults, and ribbed vaults were used, 
stilted and horseshoe arches being used in oblong 
bays. Carving : The carving was at first very crude 
and shallow, being executed with tlie axe, but the 
chisel work of tlie later period is very fine, though 
often confined to tho repetition of simple ornaments. 

Norte {Meteorol,) Sec Norther. 

North or North-Seeking Pole {Elect.) That pole 
of a magnet which tends to turn towards the north 
when the magnet is freely suspended. 

Norther or Norte {Meteorol,) A cold dry north 
or north-west wind that occurs in the United States. 
In the southern parts it is called by this name, bat 
in the north it is termed bliazard.’* 

9 Black {Meteorol.) A cold wind, so called by 

the Greeks. 


Norwich Crag {Geol.) See Crao. 

Nose {Glass Manvfae.) That end of the blowing 
iron upfjn which the molten glass is gathered. 

Noaean {Min.) A sodium and aluminium silicate 
and sodium sulphate, Na^(NaSO^ . Al) Cubic ; 

greyish or brown. It is of some interest as a rock 
forming mineral, occurring in some phonolites. 

Nosing {Build.) The projecting edge of a mould- 
ing ; the rounded projection of a window board, 
stair tread, etc. 

Nosing Motion (Cottmi Spinning). An attachment 
to the mule quadrant for determining the conical 
shape or chaso of cop by regulating the speed at 
which the spun thread is wound round the spindle 
during winding on. 

Notch Board {Carp, and Joinery). See CUT 
String. v 

{Civil Eng.., etc.) A vertical barrier placed 

across a stream, and provided wdth a V-shaped 
notch through which the water flows. By measuring 
the breadth ami depth of the part of the notch 
occupied by the water, the amount passing over in 
any given time may be found. 

Notch Head {Architect.) See Mask. 

Notching or Linking Up {Eng.) See Link 
Motion. 

Notes {Music). Marks indicating soi^d. They 
arc of different shapes, as follows; — Breve, 

semibreve,^; minim, crotchet, J cpiaver, 

semiquaver, demisemiquaver, ; bemidemi- 

semiquaver, Each of these is one half the value 
of the preceding note. In older music the notes 
were : 

Largo, or |iz:j . Long, MU or CZIj . 

Breve, ■ or jzj . Semibreve, # or O- 

Minim, # or O. 

I I 

the Large being equal to four Breves or two Longs. 
This sy^tem of notation was formulated by Franco 
t»f Cologne, in the latter half of the eleventh century, 
according to one writer, and about 1200 according to 
another authority. See also Plain Song. 

{Sound). A note is, strictly speaking, a 

sound whose frequency of vibration, and tiicrefore its 
pitch, are constant. 

( ) These are usually classed ns : {a) 

footnotes; (h) marginal or side notes; (c) cut in 
notes ; (d) .shoulder notes. A footnote may be 
described as a passage explanatory of the text, and 
is set apart from it in a type two sizes smaller in 
body. Marginal notes, as their name implies, are 
placed on the margin of the page — usually out- 
side and close to the reference in the text. Cut 
in notes are let into the square of the page, some 
of the lines of text being shortened for the pur- 
pose. These are generally placed on the folio side of 
the page. Shoulder notes refer to dates or volumes. 
Footnotes and, occasionally, marginal notes are 
indicated by reference marks, which mre->the 
asterisk (*),’the dagger (f), the double dagger (J), 
the section (§), the parallel (||) and the para- 
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graph (1), used in the order here given. Two of 
each sign are used when the number of references 
exceed six. Another and older method is to use 
“superior” figures ('), (-), etc. Again, literal 
or letter references are used ; these ^so are 
“superior,” and may be either Roman or italic. 
When notes to a work are exceptionally numerous, 
or when for purposes of chronological sequence it is 
desirable to avoid division, they are sometimes placed 
under a distinctive heading at the end in the form of 
an addendum. 

Nottingham White A term now nearly 

obsolete ; formerly applied to a variety of reduced 
adulterated) white lead. 

Nouriahing. Ste Fat Liquobing. 

Nova (Astron.) A new star. 

Nowed {Her.) Knotted or twisted. Serpents are 
sometimes represented in this attitude as charges. 

Noyau* A liqueur flavoured either with peach 
stones, oil of bitter almonds, the kernel of the 
Malu'ileb cherry, or sometimes with essence of 
miri)anc. 

Nozzle efc.) The jet or part of a pipe or 

tube containing the oriflee. 

N.P., New Fat (Ti/jjog.) Signifies commence a 
new paragraph. See PiiooF Cokkkctions. 

Nucleic Acids ( CJiem. ) White amorplious powders 
of unknown constitution ; .sparingly soluble in cold 
water, easily soluble in hot water ; easily soluble 
in alkalis with which they form salts ; their solutions 
arc dextrorotatory ; they unite with albumins. 
They are derived from the nucleo-proteids. See 
Peotisjds. They yield on decomposition many 
important coraponnds of known composition, viz. 
(1) Phosphoric acid. (2) Pyrimidine derivati \cs. 
tSee Fybimidinep, (3) Purine bases. Sec PuiiiNE. 
(4) Pentoses (g.v.) (5) Laevuliuic acid (y.’’.) 

Nucleus (Astron.) A term used to express the 
innermost portion of a sun spot, comet, nebula, etc. 

— (JSotiiny and A protoplasmic body 

found in animal and plant cells. It is essential for 
carrying on the \ital activities of the cell, and is 
especially concerned in cell division. 

Nude {Art). A term applied to an undraped 
figure or statue ; also to a study of the figure from 
the naked living model. 

NuU or Zero Methods {Elect.) A class of elec- 
trical measurements in whicli two quantities are 
compared by reducing one to equality witli the other, 
the absence of any movement, deflection, etc., of the 
indicating instrument being taken as proof that such 
equality has been obtained. 'J’hc measurement of 
resistance by Wheatstone’s Bridge {q.v.) is an example 
of this method. 

Numerals (Typog.) X.<ettGrs or figures used for 
the purpose of iiiclicating numbers. Roman numerals 
are represented by the letters 1, V, X, J;, D, M. I 
signifies one, V five, X ten, L fifty, C one hundred, 
D live hundred, M one thousand. These are placed 
in certain order to represent varying numbers, and 
are duplicated as necessary. When the lesser is 
placed before the greater, the lesser is deducted fiom 
the greater; thus, IV signifies one less than five, ?.e. 
four, Les*.‘r numbers placed after the greater are 
added. Capital, small capital, lower case, and italic 
letters are u.sed in different circumstances. The 
Arabic numerals are expressed by the figures 1 to 0. 


Nut {Botany). A one seeded, dry, indehisoent 
fruit, having a hard, woody coat and bearing per* 
sistent bracts, which in the oak (acorn) form a cup 
at the base of the nut. The Brazil “ nut ” is a woody 
seed ; the cocoa- “ nut ” is a fibrous drupe. 

{Eng.) The loose head of a bolt containing 

the hollow (or female) screw. 

Nutation {Aetron.) A slight motion of the pole 
of the Equator alternately towards and away from 
the pule of the ecliptic : a ** nodding ” of the pole. 
Has a period of nineteen years. 

Nut Brown Colour {Eng.) The nsual name for 
the iirownlsh tint produced in tempering steel by 
heating it up to about 5o0° F. See Tempebing. 

Nutmeg {Botany). The nutmeg is the seed of the 
plant MyristU'a fragratut (order, Hyriitieaceai)^ 
growing in the Moluccas, the islands of the Indian 
Ocean, the West Indies, etc. The fruit is prepared 
for export by drying over a slow fire. Mace ” is the 
bleached aril surrounding the seed. 

Nut Oil. See Walngt Oil. 

Nutria {Eool.) The trade name for the fur of the 
coypu {Myopotamu;^ ooyjme), an Argentine aquatic 
rodent. The skins of this animal are largely imported 
into Europe. 

Nut Wrench {Eng.) A Spa^neb {q.v.) 

Nux Vomica (Botany). The dried seeds of 
Stryehnos nux vomica (order, Zoganiaceof), a tree 
found Ihrongliout Soiitliern and Eastern Asia and the 
north of Australia, notably in Ceylon, The extract 
and tincture are used in medicine. 


0 (Elect.) A symbol sometimes used for Megohm 
{q.v.j 

ta {Elect.) A s}mbol for OHM {q.v.) 

0 {Cliem.) The symbol for OXYGEN {q.c.) 

{Music). Oy. 

Oak {Botany). Apart from its timber, the oak 
{(^iwrcue^ a genus of the order Cupulifene) yields 
many useful product. s. Q. svbcr provides the common 
cork, while the bark of ^ rohir is used in binning. 
See also Valonia, Quepcitbon, ami Woods. 

Oat {Botany). The cultivated cereal tativa 

(on lor, Gramhiecp) is probably a domesticated 
form of the wild oat ( J. faina). 

Oatmeal {Foods). When the husks ai-c removed 
from oats the grains are known as Oboats or (jUITS. 
and these groats, when finely ground, constitute 
oatmeal. Oats rank second to wheat in point of 
nutrition, containing large amounts of proteid and 
fat, especially the latter. Oatmeal cannot bo made 
into bread, owing to the absence of gluten ; it is, 
liowever, made into thin cakes (oatcakes) by mixing 
into a |xiBte with water, and then baking on an iron 
plate. 

Obbligato {Music). A “necessary” part to a 
musical composition which cannot be dispensed with. 

Obelisk. A column with a square base and 
rccbingular in form. It diminishes in size towards 
the top, and usually terminates in a short pyr^nid. 
Egyptian obelisks are generally monoliths, e.g. Cleo- 
patra’s Needle on the Thames Embankment. 

Oberon {Astron.) The outermost satellite of 
Uranus. 

Oberwerke (Mmio), The German name for swell 
organ. See Obgan under Musical Inbtbumentb. 



OBJ 


469 


ocu 


Cbjeet OIem (Light). The lens in a telesco];^ 
through which light enters the instrument ; it 
produces a real image of the object viewed. 

Ol^eotive (Light). In a microscope the lens or 
system of lenses through which the light enters the 
instrument ; its function is to produce a real image 
of the object viewed. In an optical lantern the 
objective is the system of lenses which produces the 
magnified image of an illuminated slide (or other 
object) on the screen. 

Objective Orating (A»tron.) A diffraction grating 
placed before the object glass of a telescope for 
the obseiTation of spectra. 

Objective Prism (Astron.) A prism placed before 
the object glass of a telcsGOx>e for the observation of 
spectra. 

OblateneSB (Astron.) The term applied to a form 
having more resemblance to an ellipse than a circle. 
The form of the Earth is characterised by its 
“ ellipticity ” or “ oblateness.” 

Oblique Tenon (Carp, and Join.) The joint used 
when the pieces to be joined form an acute angle. 

Obliquity of Connecting Rod (Ling.) Tlie angle 
made by the connecting rod with the axis of the 
cylinder; it is greate.st when the crank is at right 
angles to the rod. The obliquity affects the time at 
which the ports open and shut ; it should be reduced 
as much as possible by using a long connecting rod. 

Obliquity of the Ecliptic (Astron.) The angle 
between the ecliptic and the celestial equator. It 
is about 

Oboe (Mvsie). A reed stop on an organ. See aUo 
MU.SICAL Instruments— Wind. 

Oboe d* Amour (Music). See Musical Instru- 
ments— Wind. 

Oboe di Caccin (Music), See Musical Instru- 
ments- -Wind. 

See M usiCAL Instruments— Wind ( W ood ). 

Obsidian (Geol.) The native gla.^^sy form of the 
volcanic rock known as Liparite, which is identical 
in chemical comi»osition with granite. What i.s 
known as pumic<*stono is the ssune substance as 
obsidian, and owes its frothy condition to the fact 
that the fluid rock from which ol^idian huvS cooled 
w^as heavily charged witli steam and other gases, 
whose endeavours to escape have given rise to 
abundant cavities as the rock cooled. 

Obtuse Angle. One greater than a rigid angle (90^). 

Obverse (Coins). The side of a coin, medal, etc., 
on which the princifMil design, generally a head, 
appears. Cf. Bbvebse. 

Ocujeintk (Music). A terracotta instrument varying 
in size, and having finger holes pierced in the side. 
Its tone is rather sweet, but hollow. 

Oeelusion (Chem,) A name given by Graham 
originally to the property which platinum possesses 
of absorbing hydrogen when heated to redness in the 
gas, and of retaining it for an indefinite time at a 
lower temperature. Ilod-liot platinum absorbs 3*8 
times its volume of hydrogen, and at 100® 0*76 times 
its volume, ralladium in the form of wire occludes 
935 limes its volume at a red heat, and 376 times its 
volume at the ordinary temperature. It increases 
in volume during the process. Copper, gold, silver, 
and iron all absorb small quantities of hydrogen. 
The state of the hydnigen when occluded by metals 
is uncertain; it has been suggested that it forms 
^unstable, easily dissociating compounds.” What- 


ever its state, the hydrogen in palladium is capable 
of readily entering into reaction ; it unites with 
oacygen to foim water, reduces ferric and mercuric 
salts to ** -ous ” salts, and unites with iodine to form 
hydriodic acid. 

Ooonltation (Astrofi.) The passage of the moon^s 
disc across a star or planet. 

Ochre (Leo.) A valuable group of natural pigments 
found in many parts of the world, and varying in 
colour from light to reddish brown yellow. The 
colouring matter is due to the presence of hydrous 
peroxide of iron, but analysis tells little as to the 
quality of ochrc.s. Tone or colour is of great im- 
portance, as well as fineness of grinding. Crude 
ochres are prepared for painters* use by the process 
of levigation, after having been ground, if the 
hardness of the ochre renders this necessary. The 
pigment is dried at a low temperature, so as not 
to change the colour, and is then usually ground 
in oil. Sometimes the golden yellow ochres are 
“ doctored *’ by the addition of a little chrome yellow. 

Oefarea (Botany), llie name given to the pair of 
coherent stipules funning a sheath round the stem, 
as in the dock family (Polygonaceof). 

Octagon., A plane rectilinear figure bounded by 
eight equal sides. 

Octahedritc (Min.) A synonym for ANaTasE (g.p.) 

Octahedron. A solid bounded by eight planes ; 
in a Uegular Octahedron, the faces arc equilateral 
triangles. 

Octant. A Sector (q.v.) whose area is equal to 
one-eighth of tlie area of the circle ; the radii bound- 
ing it make ?»n angle of 45'’ with each other. 

OctaBtyle (Architect.) A term used to denote a 
temple which has eight columns in the front row. 
See Hex^vstyle, Pentastyle, Distyle, a^nd Deca- 
style. 

Octave (Music). (1) The eiglith note above, and 
bearing the same alphabetical name. It is the first 
of the harmonic series of sounds the vibrations 

being double the number of the octave beneath it. 
See Intervals. (2) Another name for the stop 
called ‘‘Princq^l” on organs. See ORGAN wider 
Musical Instruments. 

(Sound). The interval between two notes 

one of which has twice the frequency of the other. 

Octave Flute or Ottavino. The name sometimes 
given to the piccolo. 

Octavo (Print.) A leaf forming one-eighth of a 
sheet when folded for binding is said to be octavo 
size. The sheet thus makes 16 pages. Abbreviation, 
8vo. 

Octet (Music). A composition for eight voices or 
instruments. 

Octodecimo (Print.) A leaf forming one- 
eighteenth of a sheet when folded for binding is said 
to be octodecimo in size. The sheet thus makes 36 
pages. Abbreviation, 18mo. 

Ocular (Astron.) See Eyepiece. 

OculUB (Architeet.) (1) A large circular window 
in the centre of the west front of a church. This is 
a common feature in Continental churches, but is 
rarely met with in England. (2) A similar window 
or opening in the centre of a dome— as, for instance, 
the unglazed circular opening 27 in. diameter in the 
crown of the dome of the Pantheon at Borne. 
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Odeum (^ArcMtect.) A roofed building used by 
the auciont Greeks and Kumans for musical perfonn- 
anccs. The name is sometimes applied to modem 
buildings used for similar purposes. 

Odonto^raph A scale used in drawing the 

forms of the teeth of wheels. 

(Enoohoe (^ArchwolJ) A small jug or yase, some- 
times witli a strainer in the neck, used for transferring 
the wine from the crater ^.v.) to the drinking-cup. 

CEfOphagUB {2ool.) The oesophagus or gullet 
forms a straight tube leading from the pharynx to 
the stomach. 


Off Cut (^Pt'int.) (1) The part of a sheet that is 
cut off to make it tiie proper si/c. (2) 'I’lie part of a 
printed sheet cut off and folded .separately for inser- 
tion in the larger portion, e.g. in the case of a 
duodecimo sheet. 

Offensiye Trades {Hygiene). The Public Health 
Act, 1876, sec. 112, specifies the following as offen- 
sive trades: Blood boiler, bone boiler, fellmongcr, 
soap boiler, tallow molier, tripe boiler. The model 
byelaws of the Local Government Boarrl specify, 
in addition to the above, the trades of blood drier, 
leather dresser, tanner, fat melter and extractor, 
glue maker, and size maker. Tbc l\iblic Health 
(London) Act, 1891, adds to these: manure manufac- 
turer, knacker, and slaughterer of horses. As to 
what constitutes an offensive trade other than those 
specified, it is held that the business, in addition to 
being proved noxious, must be of the same nature as 
those specified, and must deal with animal matters in 
some form. Under penalty of a fine of £50, with a 
daily continuing penalty of £60, it is absolutely 
prohibited to establish anew in London the trade 
of blood boiler, bone boiler, manure manufacturer, 
soap boiler, tallow melter, or knacker ; and without 
the consent of the London County Council, that of 
fellmongcr, tripe boiler, or horse slaughterer. The 
business of soap boiling may be established anew 
with the sanction of the London (’ounty (-ouncil, 
provided that no animal oils or fats other than olein 
are used in the manufacture. The chief nuisances 
arise from the improper storage of the materials used 
and the offensive vapours given off during the process 
of manufacture. 

OiRcial {Pharmacy), Drugs are said to be 
“ official ” if they arc included in the British Phar- 
macopoeui. a list pref>ared and published by the 
General Medical Council acting under the authority 
of Parliament. A similar list is issued in most other 
countries. The name assigned to a substance in this 
list is its ** official name.’' 


Officinal {Pharmacy). The term applied to dnigs 
kept and sold by druggists or apothecaries for 
medicinal use. Sse Official. 


Offing or Yisible Horizon (Astron.) The bounding 
line of the portion of the earth visible to an observer 
whose eye is some distance above the surface. If 
radius of the earth, h tbc height of the eye above 
the surface, then the distance of the offing is 

(approximately) ^ 

• Distance of* Offing. 


Offset {Botany) A short stout shoot developed 
from the parent plant as a means of vegetative 
reproduction. 

{Bvild.) A horizontal or inclined ledge, 

occurring id a change in thickness of a wall, 
buttress, etc. 


Offiiet {Elect, Eng,) A subsidiary wire or cablo 
leading from a main to a point where current is 
required. 

{Surveying), A distance measured trans- 
versely from a point in a station line (usually at 
right angles to the latter) to some other point or 
object the position of which relative to the line is 

I to Ihj ascertained. 

Ogee {Architect.) (1) A compound moulding 
formed by the conjunction of a cavelto and an ovolo. 
(2) A form of arch having each of its sides shaped 
.similarly to a c}uia-recta. 1’he ogee arch was 
frequently used in the Decorated period of Gothic 
architecture. Sf’c Cyma. 

I 

I Ogival {Architect.) A French term signifying 
Gothic. See Ogive. 


Ogive {Architect.) A French term used somewhat 
loosely, denoting the following; (1) A f)Ointed arcli. 
(2) A diagonal rib or arch of a Gothic vault. (3) An 
ogee {q.e.) See Ogival. 

Ohm {Elect.) The practical unit of Resistance 
{g.v.) It is equal to the rcsi.stauce of a uniform 
column of mercury ItXJ 3 cm. long and 14*4521 grams 
in weiglit at O"0. For the purposes of legal 
definition it is the resistance of a certain standard 
coil at a temperature of 16*4‘’C. 

Ohmic {Elect.) Due to, or relating to, Resistance 
{q.v.) Thus Ohmic Loss is the energy lost in a 
circuit through the resistance of the conductors. 

Ohm Meter {Elect, Eng.) An instrument for the 
commercial measurement of resistance by a simple 
process. 


0hm*s Law {Elect.) In any circuit the ratio oi 
a uniform electromotive force to the current which 
it produces is a constant ; this constant is termed 
the Resistance of the circuit. If 0 l)c the current, 
K the resistance, and E tlie electromotive force, 

then C is proportitmal to 5^. If the current be 


in amperes, the resistance in ohms, and the clectro- 

Tii 

motive force in volts, then C = j^. 


Oil Coil {Elect.) (^) A transformer which is oil 
cooled. (2) A TesLa f’OlL {q,v.) 

Oil Cooling ( Elect. Enq.) Enclosing a transformer 
in a bath or tank containing oil, in order to aid the 
dissipation of heat due to the currents. 

Oiled Paper {Paper Manvfac.) The paper used 
for copying t>ooks consists of ordinary paper brushed 
over with boiled linseed oil. 


Oil Engine. An engine in which the source of 
energy is the combustion within the cylinder of a 
gaseous charge;, derived from the vaporisation of 
a suitable oil. Kirictly speaking, thi.s definition 
includes all the types of engine used in motor cars, 
cycles, and boats ; but it is convenient to make a 
distinction between those engines using a \ery 
volatile oil (petrol, motor spirit, etc.) and those 
using a Jieavy oil, such as ordinary Tetroleum. 
To the latter class the term Oil Engine is most 
commonly applied. The design (Mjmmoiily follows 
that of a Gas Engine {q.v.), with the midition of 
a tank or reservoir to <x)ntain a supply of oil ; a 
Vaporiser or Carburetter, by which the oil is con- 
verted into vapour, and the necessary pumps, valves, 
and tubes by which the supply of oil to the vaporiser 
is maintained. Oil Engines of modem type differ 
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chiefly in the nature of the vaporising arrangements, 
and are usually divided into four' main classes : 

I. The explosive mixture is formed in a large 
chamber, into which the oil is injected by a spraying 
nozzle. The vapour mixes with the whole of the air 
necessary for combustion while in this chamber, and 
the mixture is dirawn into the cylinder as required. 
The chief objection to this t^’pe is the presence of a 
Ifirge volume of explosive gas in the vaporiser. 

II. The oil is vaporiKsed in a small chamber along 
with a little air ; tlie remainder of the air required 
for combustion enters the cylinder through a 
separate valve. III. The oil is vaporised in a small 
(diamber, through whieh the whole air supply is also 
drawn. IV. I’he oil is vaporised in the combustion 
chamber itself, which is an extension of tlio cylinder ; 
air enters through a sepaiute valve. In order to 
stsirt the engine, the combustion chamber is heated 
by a lamp ; when the engine is running, the necessary 
temperature is maintained by the explosions. The 
Hornsby Ackroyd engine is typical of Class IV. 
A suitable quantity of oil is forced into the com- 
bustion ebamber and rapidly vaporised ; owing to 
the absence of fresh air, the vapour does not ignite 
at this stage. The forward stroke of the piston 
then draw.s in a supply of air; the return stroke 
compresses the mixture, raising its temperature by 
the compression, and ignition occurs s|)ontaneously, 
just as the piston commences the next forward 
stroke. The timing of the ignition is effected by 
varying the amount of cornpressi9n, i.e. by altering 
the volume of the clearance space. Thus no ignition 
tube, sparking plug, or other special device for tiring 
the charge is required. The governing of the engine 
is effected by regulating the supply of oil which 
enters the combustion chamber. An oil engine 
rerpiiros no j)ermanent sup])ly of gas and no fixed 
pipes rtr connections: its fuel is cheap and portable, 
and the engine can Ik* st‘t up in places where gas is 
unobtainable and coal is scarce or diflicult to 
transix)rt. Extensive trials have shown that the 
consumption of oil in a good engine may be as low 
as '75 lb. per indicated horse power hour. 

Oil Feed {Eng,^ vie!) Any apparatius used for 
su])plying oil regularly to a moving part of a 
macliine. 

Oil Fuel {Eng!) The methods of using oil as fuel 
or the sfnirce of energy may be dividefl as follows : 
1. INTEKNAL C’oMBUSTiON : The oil is vaporised 
and forms an explosive mixture in the cylinder of 
an engine, as described under Oil Engine and 
I’BTROL Engine 11, External Combustion : 
The oil is burnt in the firebox or furnace of a 
boiler in order to generate steam. The oil may be 
vaporised in a separate ebamber, and burnt with a 
suitable air supply at the month of a large burner ; 
Ibis method is used in the boilers of steam motorcars 
and certain other small boilers. In larger boilers, 
the oil is sprayed direct into the firebox along w-ith 
an air supply, sometimes supplemented by a jet of 
steam. The firebox should be provided with either 
a lining or a bridge of firebrick, to prevent the flame 
from playing directly on the metal surfaces. The 
great advantages of oil fuel are the reduction of space 
for storage, saving of labour in handling the fuel and 
in stoking, rapidity with which steam can be got up. 
and the ease with which the rate of combustion can 
be controlled. It is tlius very suitable for use in 
steam vessels, especially battleships. Oil fuel used 
for external combustion is, however, dearer than 
coal. 


Oil Hardening {Eng!) Steel is sometimes 
hardened by heating to redness and plunging into 
oil ; this cools it less rapidly than water would do, 
the result being tlmt it is less brittle. 

Oiling {Woollen Mtmvfae!) The application of oil 
to wool prior to blending and carding. This causes 
the fibres to glide very readily over each other and 
to be easier of separation, and yet imparts an artificial 
degree of adhesiveness. 

Oiling Motion ( Woollen Manufae!) A mechani- 
cal method of oiling the wool as it passes over the 
feed sheet of the Fearnought or the Teazer. It 
sprinkles the wool with a regular quantity of the 
oiling composition. 

Oil of Mustard {Chem.) See Mustard Oils. 

Oil of Turpentine {Dec!) See Turpentine, 

Oil of Vitriol {(%cm!) A common name for sul- 
phuric acid (y.v.) See SULPHURIC ACID. 

^ Oil Paint {Dee.) I'aint mixed with oil, usually 
linseed, in contradistinction to water paints and 
distemper, in which water is employed as a vehicle 
instead of oil. 

Oil Painting. S(*e Fainting (Methods) and 
House Fainting. 

Oil Pump {Eng!) A small pump either driven by 
hand or working automatically; used to force oil 
into bearings or other moving parts of machinery. 

Oils. Oils and fats are obtained from nearly every 
subdivision of the vegetable and animal kingdoms, 
while the earth fields a very similar product in 
so-called iniiural oil {me Petroleum), which was 
doubtless, originally, of organic origin. No precise 
classification of oils is possible, and the plan usually 
followed is to arrange them according to the pro- 
pcitics they possess; for instance, vegetable oils 
being divided into drying, semi-drying, and non- 
drying oiLs. The animal oils are more asually divided 
according to their source of production, viz. fish oils, 
liver oils, and blubber oils, beef and mutton tallows, 
bone hit, horse f;it, etc. A further classification deals 
with the oils according to their particular uses and 
the treatment necessary to fit them for the purpose 
in yiew. The difference between an oil and a fat 
depends only upon temperature ; thus butter, which 
i.> considered a fat in this country, might also bo 
classified as an oil in a very hot climate. Nearly all 
vegetable oils are extracted from the seed, either by 
{a) expression or {b) volatile solvents. Linseed oil 
is the vegetable oil which is moat largely produced 
in this country, the value of the linseed or flax seed 
imported in one year amounting in round figures 
to £4,.50f),(KX) in value. The value of cotton seed 
imported amounts to nearly £3,500,000, and the 
quantity is increasing. 

Although the treatment of the oil seeds and the 
machinery employed varies with the particular kind 
of seed to be treated, the operations are in many 
respects similar. Linseed is now usually taken up 
from barges or vessels brought alongside the wharves 
to the lop of the mill by means of portable elevators 
or suction pipes. Here it is conveyed to any part of 
the building by means of travelling bands and a 
series of shoots leading from floor to floor, and is 
ultimately conveyed to the milling room, which is 
usually on the ground floor. The seed as received 
from abroad is often mixed with various other seeds, 
stones, dust, and foreign material. When a better 
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class oil is required the linseed, before reaching the 
milling room, is passed through a cleaning machine 
worked in conjunction with a fan, by which means 
dust and foreign seeds are extracted. Magnets are 
sometimes used in addition to take out nails and 
pieces of metal which may have accidentally become 
mixed with the seed. The first operation in the 
milling room is to grind the seeds into meal in an 
edge runner, or between rollers of an Anglo-American 
five roller machine. It is then usually conveyed to 
a kettle, heated by steam and partly cooked, this 
having the effect of increasing the yiehl of oil, or 
rather of rendering it more fluid and easy to extract. 
Beneath the kettle is a measuring box, wljich, when 
full, is drawn out, the meal dropping on to a press 
cloth and being then lightly pressed, so that it may 
be taken out in a fairly solid form for conveyance 
to the hydraulic press. The solid cake of meal* with 
the press cloth, is then placed between two iron 
plates, and further cakes and plates are built up to 
the extent of usually about sixteen. Each plate is 
engraved with the name or device of the manufac- 
turers. The hydraulic press having been started, the 
oil i.s gradually pressed out, and runs off into a tank 
below, whence it is afterwards pumped the 
refinery, or in some cases sent to a firm who make 
a business of refining. The cake or residue of the 
linseed, while still warm, is trimmed in a special 
paring machine, and forms valuable feeding stuff 
for cattle, owing to the oil contained in it. In some 
cases where the residual cake is not to be u-sed, .such 
as in the case of castor oil seeds, a second pressing 
is given, the first cake being broken or ground up 
for the purpose. The process described is substan- 
tially that followed in the case of mo.st seeds. The 
recovery of oil by means of solvciit.«i is carried on 
princijaally in connection with raj)e seed and castor 
seed ; the solvent used is usually petroleum ether or 
carbon bisulphide. Two types of apparatus are iu 
use, one termed the “ cold ’ process, and the other 
the “ hot.” In the former a series of vessels are so 
arranged that the solvent percolates from end to end 
in such a maimer that the i;arliciilar vessel which 
receives the refuse meal that ha.s been acted upon 
is the one which, when emptied, is reatly to be 
recharged. The mixture of oil and solvent being 
withdrawn, the latter is driven off by means of heat, 
the vapour being condensed in a coil so that it may 
be used over and over again. The hot prtxje.ss is 
objectionable from the risk of fire. Linseed oil is 
the principal Paint Oil O/.r.) The prepa.ration of 
Cotton fiEED Oil is in many resi^ects similar to 
that of linseed oil;, the cotton husks being expressed, 
the product is used very largely for food. It is esti- 
mated that 9,000,000 gallons are employed in one year 
for making compound lard. Olive Oil is obtained 
from the fruit of olives after the kernels have been 
removed. In the best grades the fruit when ripe is 
picked by hand, usually in the months of October 
and November. The fruit is crushed, and the pulp 
placed in rush baskets with a small opening at the 
top. These baskets are placed one on top of the 
other in a press worked by hand. The oil i.s thus 
expressed, and runs into a vessel below, which is 
partly filled with water, in order that the impurities 
contained in the oil may be deposited and the oil 
collect on the surface. * The pulp is subsequently 
crashed several times, thus giving various grades of 
oil, of which there are a large number, depending 
not only upon the method of preparation, but also 
on the degree of ripeness of the fruit, the variety 
of the tree from which the olives are obtained, and 


other circumstances. Olive oil is chiefly employed 
for alimental purposes ; the inferior qualities are 
frequently employed for soapmaking, and also as 
lubricants (j.v.) Olive oil is often adulterated with 
cotton seed oil and oil from various vegetable sources. 
The specific gravity of olive oil at 16’'C. is 0*9178; 
this is for best or virgin oil; tliat of Gallipoli oil is 
0*91 9(). 

Drying Oils are those which, when exposed to 
the air, combine with oxygen and become hard. 
Non-drying oils when so exposed do not dry, but 
become rancid, and in many cases undergo decom- 
{^sitioD. The principal drying oils, in addition to 
linseed oil, are the oils derived fram hemp seed, 
poppy seed, walnuts, castor seed, sunflower seed and 
gra^ seed. There are many other drying oils, such 
as garden cress seed oil, hickory oil, melon seed oil, 
pumpkin seed oil, which are not regarded as com- 
mercial products. Hemp Seed Oil is sometimes 
used in the manufacture of coloura and varnishes, 
being then usually mixed with linseed oil. It is also 
employed for the same uses as olive oil. Poppy 
Seed Oil is somewhat important, because of it.s 
light colour. It is largely employed abroad for 
grinding white paints such as zinc oxide, the absence 
of colour being valued where it i.s desired to maintain 
the purity of tint. Tojipy oil in this countrj* is chiefly 
used for artists’ colours ; wain iit oil is also used for 
artists’ colours. Sre aho Walnut Oil, Castor Oil, 
Poppy 8eed Oil. 

The principal Non-Dryino Vegetable Oils arc 
cotton seed oil ground nut oil (arachis), hazel 

nut oil, maize oil, almond oil, palm oil, cocoanut oil, 
and olive oil. The following oils are also produced 
in various parts of the world in more or less large 
quantities: plum kernel oil, sesame oil, mustard 
oil, hoise clu'stnut oil, pea('h oil, quince oil, 
radish seed oil, rioc oil, cherry kernel oil, linden 
wood oil, tea jsiced oil, beech nut oil, acorn oil, and 
croton oil. 

Animal Fats and oils are produced in very large 
quantities in a variety of different ways, having for 
their object the same end as in the case of vegetable 
oils, namely, the separation of the oil from the 
extraneous material. Tn many cases the proce6.s 
consists principally of boiling in closed vessels, and 
drawing off the oil so obtained. The aniimtl kingdom 
contains oil almost universally, and very little of it 
is w'asted. The most familiar example of the pro- 
duction of fat or tallow from freshly killed cattle 
and sheep is done in each of the large towns, usually 
by the biggest firms of soapmakers, who collect the 
wa.ste fat at frequent intervals, and in some cases 
have offices and depots established in connection 
with the meat markets or slaughtering houses, lii 
such ca.ses the scrap fat is boiled down the same 
day as it is collected, and in this case it is usually 
sold to margarine makers or the manufacturers of 
butter substitutes, and is often used mixed with a 
preparation of cotton oil. Animal fat being the chief 
raw material used by such makers, the business of 
recovering and rendering fat is usually carried on 
in connection with soapmaking business. Perhaps 
the most im]X)rtaDt animal fat is tallow, which is 
divided into two definite classes, beef tallow and 
mutton tallow. The quality depends not only upon 
the part of the animal from which the fat is derived, 
but also tlie manner in which the animal has been 
fed. See TALLOW^ 

Lard is obtained from the fat of the kidneys and 
intestines of the hog, together with that portion 
lying beneath the skin. The quality varies according 
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to the part of the animal the fat is obtained 
from. Where lard is prepared on a large scale the 
different parts are rendered separately, thus giving 
definite qualities. For instance, in the American 
market, ^enoe oomes much of the lard that reaches 
this market from abroad, the term Neutral Lard 
No. 1 ** is applied to the fat which is obtained from 
the interior of the pig rendered while perfectly fresh. 
It is used almost exclusively by margarine manufac- 
facturers. “Neutral Lard No. 2” is another grade 
which is chiefly used by confectioners, and there are 
various other grades. The method of preparing is 
to carefully melt the raw material, which is first 
freed as far as possible from flesh, sinews, and skin, 
and is then cut into small pieces by moans of a 
machine. The melting pan is often steam jacketed, 
and the fat is stirred by wooden paddles while being 
extracted until it is quite white. It is strained 
before being placed in cooling vessels, and again 
stirred while it is actually cooling, although it is 
important to suspend the ox)eration before the mass 
gets solid. The specific gravity of lard at 15"' C. is 
0'931. J^rd oil is obtained from lard by pressure. 
It is somewhat similar to olive oil in appearance, 
and is valuable for lubricating pur 2 )oscs. The solid 
portion of the tallow left l)ehind in the presses is 
usefnl for candle manufacture. House Fat is used 
in leather manufacture for lubricating and for the 
manufacture of soft soaps. Lone Oil and Bone 
Fat are important products, and are obtained from 
the l>one marrow and also from the bone itself. In 
the manufacture of glue, gelatines, and size the pro- 
cess includes the preparation of considerable quan- 
tities of bone fat. The extractiou of the oil is either 
done by boiling, steaming, or e-xtraction by a 
solvent. 

Tlie Fish Oils obtained from the livers of various 
animals are of considerable commercial importance, 
particularly cod liver oil, which is largely used in 
currying leathers as well as for medicinal purposes. 
Shark liver oil is also produced to a considerable 
extent. Wlialc oils are obta iiied from several animals, 
in addition to the Greenland w’halc, such, for instance, 
a.s the seal, walrus, sperm whale, porpoise. Beal 
oil is of various grades {sre Seal Oil), and among 
fish oils there arc those obtained from the hemng, 
pilchard, sardine, salmon, sprat, and other fishes. 
As indicating the very wide field from which oils 
and fats are derived, a few of the animals and 
vegetables from which they are obtained, in addition 
to those already mentioned, may be given ; apricot, 
badger, belladonna seed, brazil nut, candle nut, 
chamois, cliicken, c^c^s seed, cucumber seed, dog, 
domestic duck, gingelly, goose, hare, honesty, liorse- 
chestnut, laurel, Niger seed, nutmeg, palm, reindeer, 
roebuck, Scotch fir seed, spruce fir seed, sunflower, 
seakale, thistle, wild goose, wdld rabbit. 

The most interesting oils at this time arc, perhaps, 
Maize Oil and Tung Oil (^.?».), or Chinese wood oil, 
which bid fair to increase considerably in use. 

A. S. J. 

OilB) Chemiat^ oL The term “ oil ” is not capable 
of exact definition, as it is applied to substances of 
widely different classes. Tliree cla^sses of oils may 
be distinguished: (1) Burning and Lubricating 
Oils: These are usually composed of Paraffins 
( ff.v.), Olefines iq,v,\ and Naphthenes (jf.v.) 
iBese occur naturally iu the earth. (2) Fixed 
Oils: Oils which cannot be distilled (at any rate 
under ordinary atmospheric pressure) without decom- 
position. l^ey are usually obtained from animals 


and from the fruits and seeds of plants, and 
chemically they are glycerine esters of saturated 
(butyric and Mgher) and unsaturated (oleic, etc.) 
acid.s of the fatty series. (3) Essential or Vola- 
tile Oils : As the name implies, they are volatile ; 
that is, they distil unchanged at the ordinary 
pressure, and most of them distil in steam. They 
are obtained from plants, some from roots, some from 
stems, some from leaves, some from fruit, and usually 
by distilling with steam ; but some, like oil of lemon, 
by pressure. They have distinctive odours, and arc 
used in many ways, as in perfumery, medicine, 
mixing paints. They belong to widely different 
classes of chemical compounds, e.g. hydrocarbons. 
See Terpenes. AleohoU mid PhenoU : Oil of cloves 
contains eugenol (y.w.); oil of peppermint contains 
menthol (y.v.); oil of lavender contains linalool 
(^.17.) Aldehydet: Oil of cinnamon contains cin- 
namic aldehyde; oil of bitter almonds contains 
benzaldehydo (^.e.) Kehmes: Examples of these 
will be found under Terpenes, wlicre they arc 
mentioned incidentally. Eetere : Oil of wintergreen 
is methyl salicylate; oil of limes, neroli oil; jasmin 
oil and others contain linalyl acetate. Oils arc 
colourless or yellow liquids, insoluble in water, 
except some of the essential oils, which dissolve 
enough to give an odour to the water. They arc 
rarely pure or even nearly pure substance.^, but oil 
of wintergreen is nearly pure methyl salicylate ; 
every other oil mentioned above is a mixture of 
substances. — W. H. H. 

Oil Shales (^Geol.) Argillaceous rocks of sedi- 
mentary origin which contain diffused hydrocarbons 
in a state which admits of their being di.stilled into 
paraffin oil cn the proper ai)i>Ucation of lieat. The 
term is properly restricted to tho.se rocks of this 
class w'hich contain the hydrocarbons in quantities 
sufficient to leave ii profit after all the working aiul 
other expenses have boon paid. Oil shales occur in 
tbin Ixids like coal seam.s and are finely laminated. 
They are generally sooty brown in coltnir, which 
becomes i)aler in the pow-der, resulting from a scratch 
or a streak. The rock is about as liard as biscuit, 
and tlicrefore easily cut with a knife, which leaves 
a shining mark, having a lustre nearly like that 
of cut wax. Thin .sheets of oil shale are elastic. 
Thi.s elasticity is dependent, like the degree of waxi- 
ness of the cut surfaee, upon the percentage of hydro- 
carbon present, of which these characters form a 
rough test. Oil shales graduate vertically and also 
laterally into ordinary shales, and are commonly 
interstratified with rocks of thi« type to an indefinite 
extent. The Scottish oil shales are confined to 
geological horizons near the middle of the Lower 
Carboniferon.s Rocks, and are practically limited 
in their geographical distribution, even on these 
horizons, to parts of Mid and West Lothian. Rocks 
of similar character occur sparingly in other geo- 
logical formations in Britain, of w-hich the chief is 
in the Kimeridge Clay of the south of England. 
This and various other impure oil shales have 
occasionally been used in the furnaces of steamboats 
in lieu of coal. There are reasons for believing that 
oil shales have been formed in lagoons, in which 
solutions of sulphate of lime more or less concentrated 
by evaporation have further decomposed macerated 
vegetable matters and converted part of the products 
into gummy compounds which have diffused through 
the argillaceous sediments at the bottom of the 
lagoon. The geological evidence lends but little 
supi^ort to the old view that the hydrocarbon was 
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<luc to the dii^tillation of coal seams tbe heat 
conncetcil with the intrasiou of eruptive rocks. — 
J. C5. G. 

Oil Stone {Carp., etc.) A flat stone of fine 
grain, used for setting or finishing the cutting edge of 
tools. Many oil stones consist of some kind of slate. 
The best known forms arc the Turkey, Cliarloy 
Forest, Arkansas, and Washita. 

Oil YamiBhea {Dec.) The group of varnishes 
made from linseed oil and gums, and used by house 
and carriage painters, etc., as distinguished from 
turpentine . water-, and spirit-varnishes. See 
Vabnirhes. 

Old Engliah (J)fpog.) A comprehensive term 
applied to most types of the JSlACft ICttCP order, 
including those used in the fifteenth century and 
the more modern varieties. 

Old Face {^Tyjtog.) A name given to a robust form 
of Roman types originally u.«cd by the early Flemish 
printers, and of which the Elzevirs arc examples ; they 
were subsequently copied by William Caslon. The 
letters are somewhat rude, but .*;trong in form and 
without violent contrasts between the thi(;k and thin 
lines. TJie term is generally used to distinguish 
founts of this character from the lighter and more 
eluant “ Old Style.” 

Typography. 

“SSK? Typography. 

Old Fustic. See Dyes and Dyeing. 

Old Man (Mining). A term applied to former and 
unknown workers in a mine. 

Old Red Sandstone iOcol.) A general name for an 
important group of Dcutcrozoic formations which 
were laid down under continental conditions during 
the Devonian Teriod, Taking them as a whole, the 
rocks are characterised bj' a red coloration ; and 
on some horizons the strata consist of sandstones. 
At the top is the Upper Old Red Sandstone, which 
heralds the Carboniferous Period. The Upper Old | 
Red lies with an unconformity representing an 
hiatus of several mile.s upon all the rocks older than 
itself. The highest member of tbe next below is the 
Orc'adian or Middle Old Red Sandstone, which was 
preceded in time by the Caledonian Old Red, which, 
agaiUy lies with a violent unconformity upon the 
uppermost Silurian rocks, and all the rocks older 
than that. 

Old Sand ( Fowidry). The sand forming tbe floor 
of a foundry ; it is used f«jr the parts of a mould 
which do not come into contact with the casting. 

Old Style (Typog.) The designation of (1) a nine- 
teenth century Roman type of light and elegant face, 
with a tendency to very fine lines in the upright 
Strokes and serifs. See Old Face. (2) A style of 
arrangement in bookwork and display in jobbing 
composition. 

Old Woman's Tooth (Join.) A Routes or plane 
for l<-velling the surface of grooves, etc., which lie 
below the general level of the surface of woodw^ork. 
The plane iron is narrow, and its cutting edge pro- 
jects below the bottom or solo of the plane by an 
amount equal to the depth of the groove which is 
being cut. 


OleaoesB (Botany). A dicotyledon natural order 
found in tropwtal and temperate climates. It 
includes economic plants such as the olive and ash. 

Olefiant Gas ( Chem.) See EthyLene. 

Olefines (Chem.) An olefine Is a hydrocarbon 
contaiulT]g n carbon atoms united in an open chain,, 
aii<l "In hydrogen atoms in its molecule ; n may be 
any whole number from 2 upwards. As n carbon 
atoms united in an open chain can unite with 
(2a + 2) hydrogen atoms at the most, the olefines 
are said to be unsatiirated. This state of unsatura- 
lion is conventionally represented by a double line 
joining the two carbon atoms having the deficiency 
in hydrogen, for it is found by experience that the 
unsatiiration consists always In two adjacent carbon 
atoms, each Imving one hydrogen atom less in any- 
given olefine than the same two carbon atoms have 
in the corresponding paraffin hydrocarbon into which 
it can always be converted. Examples of olefines : 


Ethylene . CH, - OH, 
iTopvlcne. OH* = Oil — CfT, 

Butvleiie . = ril - CIL - CH, 

Tentene . CTL == Oil - CH., - CU, - CH, 


It is clear that the compound OHg— CH = CH-^CHj 
is isomeric with butylene ; it may be called butene-2 
(nee Nomenclatubb) or symmetrical dimethyl- 
ethylene; it is sometimes called pseudo-butylene. 
It is an interesting substance because it exhibits 
another form of isomerism. See Stereoisomebism. 
Position isomerism can occur with the olefines just 
as it does with tbe paraffins (q.v.) Example : 
Butylene .... CH» 

Isobutylene (Mcthyl-2-propene), CIl^ = 

On account of their unsatiirated character the olefines 
show many additive reactions : (1) They unite with 
hydrogen in presence of finely divided platinum or 
nickel to form tlie corresponding paraffins : 

CH, CH, 

II +H,= | 

OH, CH, 

(2) Tliey unite with halogens directly, v.g. ethylene 
gives ethylene di bromide ; 


(3) They unite with hydriodic, liydrobromic, and 
.sulphuric acids directly on heating; the negative 
part of the acid molecule attaches itself to the 
carbon ati>m containing the least hydrogen, e.g. 


CH3 

gives ! 

CHj. CTIJ 

Bthylioflide. 


GI1„ CH, 

I I 

<'H gives (’H.HSO^ 


cn. 


(■n. 


(4) They unite 
chlorhydrins * 


CH3 

CH, 


gives 


with hypochlorous acid to form 

CH3 

CH gives 


CH.Cl 


CH,OH 


OH. 

CHCl 


CH, 


CH,OH 


(5) On gentle oxidation they yield glycols (q.v.), but 
on strong oxidation they break down at the double 
linking, e.g. propylene strongly oxhlised gives acetic 
and formic acids. (6) Most olefines undergo poly- 
merisation. The olefines occur to some extent with 
the paraffins in crude petroleum; and ethylene 
forms the principal illuminant in coal gas. They are 
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obtained in many ways. A few are : (1) Heating 
a paraffin alcohol with salphnric acid : 

CH, OIL 

1 + H,SO, = I + ILO 

CH,On (JFLIiSO, 


OTjOn 

CH, 


Ethylliydiogen Sulphate. 

CHjj 

I ■ ' = 11 +H,SO, 

CH.,HSO, CHj, 

(2) From monohalogen substituted paraffins by 
heating with alcoholic potash : 


GH3 OH, 

I + KOH = II + KI + II^O 
CH2I C!!!., 

Ethyliodide. 

(8) Electrolysis of a solution of the potassium salt 
of succinic acid and its homologucs : 


CH3COOK CII3 

1 grives || 

Cn,COOK CH, 

Pot. Succinate. 


c«iT,,.c.n 

Oleic Acid (rZ/r///..) || 

n . c . (ch,)7Cooh. 

A colourless liqiii<l ; no taste or smell ; melts at 14® ; 
lK)ils at 223® under a pressure of 10 mm. of mer- 
cury; insoluble in w'atcr, but easily in usual organic 
solvents. Turns yellow, then brown, on exposure to 
light and air. Ilydriodic acid converts it into stearic 
acid ; it is also changed to stearic acid by heating 
with hydrogen in contact with linely divided nickel 
spread on pumice stone. Nitrous acid changes it to 
the stereoisomer elaidic acid (q,v.) j it adds bromine, 
and is oxidised by potassium xjermanganatc like 
the olefines It occurs as its glycerine ester, 

Tuiolein, in a large number of oils and fats; e,g. 
olive oil, cod liver oil, lard, goose fat, etc. To obtain 
the pure acid, olive oil is boilc<l with caustic potash 
solution; the liquid is treated with lead acetate, 
forming the lead salts of the acids; the jjrecipitatcd 
lead salts arc dried and extiaclod with other, which 
dissolves lead oleatc ; the lead is precipitated with 
hydrochloric acid, and llie ethereal solution of oleic 
acid is filtered off and evaporated. The pure acid 
is obtained by fractional distillation of the residue 
from the ether in a vacuum. Oleic acid forms many 
salts, of which the lead salt is the most important, 
because it is the chief (constituent of lead plaster, 
aUo Iodine Absorption. 

Oleo^apfa. A ]>icture or a reproduction of a 
picture i>rinted in oil colours : a chromolithograph. 

OJeO'Margarine The term applied in 

the ITiiited htates to margarine Qj.v.) 

Olijocene {Oeol.) A name now much used for 
the subdivision of the Tertiary Kocks in which a 
few living species of marine mollusca, as compared 
with the extinct species, are to be found. The 
formation is of much importance? on the Continent, 
but in Hr i tain is represented only by a small thick- 
ness of strata of fluvio-marine origin in the Isle of 
Wight, 

Ollgoolase {Min.) An aluminium sodium and 
calcium polysilicate ; one of the Felspars con-c- 
sponding to a mixture of three parts of Albito to one 
of Anorthite. Triclinic. Usually greyish or yellowish. 
From IScandiuavia and many places in America. 

Olive {Botany), The fruit of 01m europtea (order, 
Oleaoea) is valued for the oil which it yields and 
as a comestible when pickled in an unripe state. It 


is much cultivated in Mediterranean countries, as 
well as in other suitable regions. 

Olive OIL See Oils. 

Oliver (A%.) A primitive form of mechanical 
hammer used by blacksmiths ; it is now obsolete. 

Olivine {Min.') A synonym for Chrysolite {q.v,) 

011a {Pot.) (1) An earthenware pot used by 
Spanish peoples for cooking and other purposes. 
(2) The me.ss of meat and vegetables cooked in such 
a utensil. (3) A porous jar for keeping drinking 
water cool. 

Ombrometer {Meteorol.) An instrument for 
recording automatically the time, quantity, etc., of a 
rainfall. See aUo IlAIN GAUGE. 

Omnibus Bars {Elect, Eng.) Heavy conducting 
bars in an electric generating station, to which the 
k^rminals of the dynamos are attached. 

Once Marked Octave {Mvsie). The seven notes 
coiiiinenciiig with mhldle C (q.v.) In organ nomcn- 
claturci the once marked octave is an octave higher 
than the a>)ove. S^c also Titch. 

One-at-Once Wheel, One-at-Once Engine {Lace 
Manvfac.) Hand and j)Owcr machine respectively 
for conducting the process of Onc-at-Once Winding, 

One-at-Once Winding {Lace Manufac.) A system 
by which tiie brass bobbins are tvotind, one at a time, 
upon a spindle revolving at a great speed. By this 
system the end from the fresh source of supply is 
simply tied to the end of whatever may be upon the 
bobbin and the bobbin filled up. 

One Coil Transformer {Elect. Eng.) An Auto 
Transformer. Sec Transformer. 

Onyx {Mi}* ) A variety of Chalcedony {q.v.) 
.showing parallel banding. The bands arc of different 
absorptive power, and advantage is taken of this to 
make some bands take up a solution of sugar ; on 
treatment with sulphuric acid the sugar is charred, 
and thus the black and white banding of the jeweller's 
onyx is produced. 

Oolite {OroL) A rock formed of small spheroidal 
pellets of carbonate of lime, and which bears some 
resemblance to the “ hard roe ” of a fish. The structure 
of each pellet resembles that of an onion, ns it is 
built up of concentric coats. These severally show a 
fibrous .•structure radiating from the centre of the 
pellet. The core of the pellet, in the case of typical 
oolite, usually consi.'sts of a fragment of some other 
body. Oolitic structure may arise in various ways ; 
but, in the typical oolites, the pellets have been 
formed by the organic agency of an alga. In sC^e 
other (‘ases they are due to organico-c.hemical acency, 
as in the Carlsbad “ Bprudclstcin.” Large grained 
oolite is often distinguished from the normal type as 
risolite. Oolitic structure occurs chiefly in the lime- 
stones of Jurassic age ; but it is by no means un- 
common in rucks older or newer in the geological 
series. 

Op. {Music). The abbreviation of opvs (work), a 
form of numbering musical compo.sitions in order of 
publication. An opus may consist of one or more 
numbers. 

Opal {Min.) Hydrous silica in an amorph(>us 
form. The amfuint of water varies. Many /arieties 
.chow beautiful internal colours and are used as gems. 
Such come from Hungary and Australia. The 
common varieties are u.cnally milky white to yellow 
and brown, with a resinous lustre. Some are opaque 
and dark coloured. 
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Opalite (^BniU.) A glazed substance about f in. 
thicK, iixed on the surface of walls to represent 
glazed brickwork. 

Opal Plates A porcelain or glass plate 

with an opaque white glaze, coated with a sensitive 
film similar to those us^ on bromide printing papers ; 
used for making positive prints. 

Opaque {Paint, etc.) The term applied to a 
pigment or substance that is impermeable to light 
and which is therefore not transparent. See Body. 

Open Belt (Buff.) A driving belt which is not 
crossed. 

Open Chain Compounds iCh&tn.') When two or 
more carbon atoms are united in a compound they 
are said to form a chain. When there are three or 
more carbon atoms ntiited together, two possibilities 
present themselves with regard to the carbon atoms 
at the ends of the chain : (1) Tlicy may be united ; 
(2) they may not be united. In the latter case we 
have an open chain compound. Examples : 

cn, 

CHj, == cii - cij, — -^cn^ 

0]iOQ Gliain. Closed Chain. 

Open Circuit (^Eleet.) An interrupted or broken 
circuit. 

Open Coil Armature {Elect Eng.) An armature 
whose coils do not form part of a closed or complete 
circuit during the whole of each revolution. 

Open Diapason {Music). A .«>top having no plug 
in the top of the pipes found on both the pedals and 
manuals of an organ (<y.t*.) 

Open Hearth Processes (Met.) Processes for the 
production of .«iteel from pig iron in reverberatory 
furnaces, as distinguished from the Cementation or 
the Bessemer Process. In tliis sy.*.tem pig iron is 
mixed with wrought iron, stool .scrap, or with iron 
oi-es rich in oxides. See Steel, Sieaiex’s Peocess, 
Metallukgy, and Fuunaces, 

Opening {Cotton Manvfac.) The first prooe.ss in 
<jleaning cotton. The fibres are sejiarated or ojienecl 
out by getting a thorough shaking, thus freeing the 
pure cotton from dirt, seed, broken loaf, and other 
foreign substances. Tbe chief forms of openers are 
(1) Creighton, (2) Porctjpine, (3) Modified 
Willow, to which may be attached a hopper feeder 
if necessary. 

— 7 “ When ncw.spaper copy is given 

out in small portions it occasionally happens that 
one of the pieces is in hand longer than t he others. 
If a gap is thereby caused, the compositor who is 
behindhand is said to be in the “ opening.” 

Open Joint (Pattemmaking). The wide parts of 
large patterns are ol'ten made of a number of pieces 
of wood, separated by narrow spaces to allow for 
expansion or the wood without producing distoition 
when the moisture of the mould acts on the pattern. 

Open Mouth {Eng.) A punching or shearing 
machine in which the jaws are formed like a 
letter C. allowing the edge of a wide plate to be 
inserted. 

Open Notes {Music). The notes given (1) by the 
oj^u strings of musical stringed instruments ; (2) by 
wind instruments when neither slide nor piston nor 
^nd is used. See Violin, Horn, Trombone, under 
Musical Instruments. 


Open Pattern {Eng.) A pattern which only pro- 
duces the main outline or contour of the required 
casting in the sand, leaving tbe rest of the mould to 
be finished by hand. Also termed a Skeleton 
Pattern. 

Open Pig {Met) Boft cast iron pigs having a 
loose crystalline structure. 

Open Sand {Foundry). Castings made in a 
mould whose top is open to tbe air are said to be 
made in **open sand.” 

Open Scale {Phys., etc.) A scale is said to be 
open when its divisions are fairly wide apart, e.g. the 
term is applied to thermometers with wide spaces 
between the marks W'hich denote degrees. 

Open Score {Music). A score having but one part 
written on each stave. See also SCORE. 

Open Shed, Open Shedding {Weaving). Applied 
to shedding motions, e.g. tapiMits, dobbics, Jacquards. 
The system of shedding the beddlcs or lieald shafts 
by which any particular group of shafts may bo 
retained in the upper or low^er position for any 
required number of picks. It is the opposite in 
principle to the Closed Bhed {g^v.) 

0|^n Space {Hygiene). The Model Byelaws 
provide that a new house must have along its whole 
frontage an open space measuring at least 24 ft. to 
the boundary of any land or ])remises immediately 
oppo.^ite. In the rear there must be an open .space, 
exclusively belonging to the house, at least 150 super- 
ficial feet in area and free from any erection above 
the ground level, except a closet and an ashpit. It 
must extend along the entire width of the house, 
and must measure in no case less than 10 ft. from 
every part of the back W'all of the house. If the. 
house be 15 ft. high, the distance must be 15 ft. ; 
if 25 ft.. 20 ft. ; and if 35 ft. or more, at least 25 ft. 

Open String f Carp, and Join.) See Cut String. 

(Music). In stringed instruments, wlieiher 

bowed {e.g. the vhdin) or pltickca {e.g. tlie guitar), 
a string is said to be OPEN when it is free to ^ib^.'lte 
along it.s whole length, i e. when it is not slopped ” 
by pre.'5.*-iiig the finger d,^wn upon it. Sec Musical 
INSTBUMENT.M. 

Opera GiaeB f^Light). An opera glas.s or field 
glass consist.^ of a pair of telescopes, usually of the 
type invented by Galileo. There is a convex object 
glass of focal length F, and a concave lens of focal 
length /, set>arated by a distance F — The image 

is erect, and the magnification is in the ratio j 

Ophicleide {MuMc). A brass instrument which 
took the place of the serpent. The ophicleide has 
now given way to the tuba (q.v.) See MumoAL 
Instruments— Wind (Brass). 

Ophitic Structure ( Geol. ) A structure first noticed 
in the Ophites of the Pyrenees, which were so 
called on account of their resemblance in colour 
pattern to that of many snakes. Subsequently the 
same structure was found in other types of rocks. It 
consists essentially of a large patch constituting part 
of a single crystal of one mineral (and proved to be 
so by tbe examination of a thin section in polarised 
light), which encloses several crystals of another 
mineral in consequence of the period of consolidation 
of the two being different. Holocrystalline and 
Ophitic structures are characteristic of tine dolerite, 
in which large plates of one of tbe Pyroxenes enclose 
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several ciystals (usnally lath shaped in form) of a 
Plagioclase felspar, ivhich is generally Labradorite. 
Ophitic Btrnctare may occur in other rocks besides 
dolerite. 

(^istodomus iArcUteot.) See Cell. 

Opium (Botanjf). The drug is obtained from 
Papaver somnifervm (order, Papavcraoece) by in- 
cision of the unripe capsules, from which the latex 
exudes, and by evaporation becomes lianl. Opium 
contains many alkaloids. 

(Ckeni.y The dried juice from the unripe 

capsules of the white poppy (Papaver somnifernm). 
It is a reddish brown soft mass, which hardens and 
deepens in colour when kept. Characteristic smell. 
It contains a largo number of substances — resin, 
caoutchouc, albumin, and many (eighteen) alkaloids, 
the latter combined with meconic, acetic, and sul- 
phuric acids for the most part. There are many 
varieties of opium, e,ff. Smyrna, Egyptian, Indian, 
etc. These differ in the amount of alkaloids they 
contain, and arc generally estimated for the morphine 
ig.v.) which they contain. The most important alka- 
loids contained in opium are Morphine, Narcotine, 
Codeine, J*apaverine (/y.f.) 

Opoponax (^Botany). A gum resin obtained from 
the milky jui<5e of the roots of Opopmiax chlronivm 
(order, Umhelliferoi), It now used only in 
perfumery. 

OpoBBum {Zool,) A marsupial mammal found 
in North and Houth America. DidclphU viryiniana 
is the North American species, and is valued on 
account of its fur. 

OppoBition {Astron,) Tho pc^sition of a celestial 
body when its elongation is 1^0°. The moon at full 
is stiid to be in “ oiiposition.” 

Optical Actixity them,) The property 

possessed by certain substances of rotating the 
plane of ptilarisalion of plane polarised light which 
traverses the substance. 

Optical Centre of a Lens {Photo.) A point such 
that all rays whose direction imide the lens (or that 
direction produced, if the point lies outside the lens) 
passes through it emerge parallel to their oripnal 
din'ction ; the ray ap))ears therefore to be undeviated 
if it pass tlirough'tlie optical centre of a thin lens. If 
normals be drawn to the two surfaces of tho lens, so 
as to bo parallel to each other, tl»en a line drawn 
through the points where these normals cut the 
surfaces will iii general intersect the axis at the 
centre of the lens. 

Optical iBomerideB {Chem.) Compounds which 
differ only in tlieir behaviour towards a ray of plane 
polarised light. Examples of such substances are 
the different forms of lactic acid (i^.v.), of tartaric 
acid ((?.».), of mandelic acid iq.v.'), etc. 

Optical Lantern. AUo termed Magic Laktebn 
or simply Laetebk. It consists essentially of a 
Body or box containing the source of light, a CoN- 
DENSEU iq.v.), a support to carry the Slides, and an 
OB.TKCTIVB or, as it is also termed, a Focussing or 
Pbojection Lens. See T^antern objective. The 
light may bo obtained from an oil lamp (usually 
having several wicks), but more commonly the 
oxyhydrogen light (q-v.) or some form of electric 
light is used. An arc light produced by a continuous 
current is the best illuminant ; the Nernst light is 
far the most convenient, and is for many purposes 
equal to the arc. 


Optically Aotivc Sabstances. Substances having 
the power to rotate the plane of polarisation of a ray 
of plane polarised light. See STUBEOisoviBBXaiffr 
Asymmetbic Cabbon Atom, and PolabibatioN. 

Optic Axil {Light). 1. The axis of symmotiyr of 
an optical system, more often termed the Optical- 
Axis to distinguish it from the following. 2. A 
direction in a doubly refracting crystal along which 
the substance behaves as a singly refracting medium 
i.e. a ray traversing the crystal in this direction ia 
not split up into two. See also Double Ref baction. 

Opuntia {Botany). A genus of Caeiaceee native 
to America. The “ prickly pear ** {O. vulgaru) and 
‘♦Indian fig” {O. Fievs Indiea) are well known 
examples. 

Op {Her.) The heraldic term for the metal gold. 
When arms are represented without colour in* 
drawings or engravings, or is indicated by small 
dots. See Hebaldby. 

Orange {Botany). The well known fruit of the 
evergreen tree Citrus avrantium^ largely cultivated 
in subtropical regions. See Citbus. 

{Pamt.) A colour produced by a mixture of 

red and yellow pigments. See Coloubs. 

Opatopy (Architeett etc.) A small cbapcl, or a 
room in a house, monastery% or church, arranged for 
private worship. 

Orb {Her.) See Mound. 

Orbit (A«fr(7».) The path in which a heavenly 
body movc.s e.g. that of the moon round the earth 
or the earth round the sun. Closed Obbits are 
circles or ellipses. Open Obbits are parabolas or 
hyperbolas. 

OrchcBtra (ArcJiiicei.) (1) In the theatres of the 
ancient Creeks a semicircular space in front of the 
stage. This space was occupied by the Chobus ((gf.v.) 
The corresponding sfuice in Roman theatres was 
occupied by seats intended for senators and other 
important persons. (2) In a modern theatre, etc., 
that part of the building occupied by the band of 
musicians. 

{Afi/sie). (1) A body of instrumental per- 
formers. (2) The part of a building in which the 
instrumentalists and singers are placed. 

OPCheBtpation (Mi/sic). The art of writing for an 
orchestra; of employing the different kinds of instru- 
ments — stringed, wind, and percussion — to obtain 
contrast and tone colouring. Orchestration and in- 
strumentation are the same. 

OPchidacesB {Botany). A well known order of 
Monocotyledons found in temperate and tropical 
climates. The essence known as Vanilla, obtained 
from Vanilla planifolxa^ is the only product of 
commercial value. 

Orohil. See Dyes and Dyeing. 

Opdep (Biol.) A group of genera {see Gbnus) 
which have certain characteristics in common, i.e. 
which resemble each other more than they do any 
other genera. Tims tho genera Bosa (rose), Pyrus 
(apple, pear, etc.), Fragaria (straw'berry), Prnmis 
(plum), Buhus (blackberry, raspberry), etc., are 
grouped together to form the Order B^sacees, 

Orders {Architect.) See Abceitectube, Obdebs 

OF. 

Ordinario {Mnsie). Ordinary : usual. 

Ordinary Ray {Light). See Double Ebfbaction, 
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Ordnance Datiun (Bunding}, The ordnance or 
datum line by. which all heights are dxed in the 
Ordnance Survey. It is below Trinity high 

water mark, and ft. above Trinity low water 
mark. 

Ordnance Survey (Surveying'). The official sur- 
vey of Great Britain and Ireland undertaken by the 
Government and carried out by officers selected 
from the Boyal Engineers, w'ho prepare maps and 
plans. 

Ordovician (Geol,) A term proposed by Professor 
Lapworth for the great group of marine sediments 
and associated volcanic rocks which formerly went by 
the various names Upper Cambrian, Cambro Silurian, 
and “ Lower Silurian.” It is typically developed in 
Wales and in Cumberland. The use of the term pre- 
vents the ambiguity which that of any of the others 
carried with it. 

Ore {Mkhing). A mineral or rock from which a 
substance of economic value can l)c extracted with 
profit. Thus Iron Pyrites though containing 

a considerable quantity of iron, is not an iron oi<\ 
since the iron cannot be profitably extracted ; but it 
is an ore of sulphur, and is u>ed extensively as such 
in the manufacture of sulphuric acid. 


Ordanzine (HUlk Mannfae.) SilWt bread for warp 
purposes, doubled and thrown of sufficient strength 
to stand the strain of weaving. 

Oriel Window (Architect.') A bay window on 
an upper floor overhanging the face of 
the wall below. 

Oriental Alabaster (Min.) See 

Calcitk. 

Orifiamme (Archa^nl.) The banner 
of the Abbey of St. Denis : a banderole 
of orange red coloured silk, attatjhed to 
a gilt lance and terminating in two 
ix)ints. It was the standard of the 
early kings of France, and was handed 
to them on setting out for war by the 
Abbot of St. Denis. 

Origanum (Botany). A genus of 
LahiatiC. O, vulgare is the common 
herb Marjoram. Oil of Marjoram is di.stiUcd from 
O. majvrana. 

Orles (Tier.) This is one of the subordinaries, a 
diminutive of the “ borduri'/’ but detached from the 
outer edge of the shield. Sometimes blazoned by 
early heralds as an inescutcheon voitlod. Sec 
IlBKALDRY. 



Oreillette (Arm.) The part of the helmet that 
protected the ears. 

Organ (Biol,) A portion of an animal or plant 
having some definite function. 

(Music). See MUSICAL Instkuments— 

WiuD (Keyed b 

Organic Chemistry. The chemistry of the carbon 
oomp>ounds. A few carbon compounds sucli as carbon 
monoxide, carbon dioxide, carbon disulphide, the | 
carbonates, and the metallic cat bides are n.sually j 
dealt with in works on Inorganic Chemistry. 

Organ Pipe Coral. See Coral. ( 

Organum (Music). An added pari to the Canto | 
Fermo (q.v.) in ohl music, which firstly was in } 
unisons and octaves, then in consecutive fourths or ' 
fifths, fresh intervals gradually being allowed to be I 
added through succeeding centuries. The following | 
fragment of a hymn taken from Hir Hubert I'arry’s j 
Art of Music will show the style of organum in the i 
thirteenth century ; j 

iNTERVAiiS. 15 6 8 5 1 



Ornaments (Music). Eiubellishmcnts, grace notes. 
The principal arc : (1) Thp; Turn, which is indicated 
by a placed above or btdow a note. When an 
accidental is placed above or lH;l(nv any ornament it 
shows that the liiglie.st or lowest note respectively U 
to bear that accidental. 

Wiitteu. Played. 

Turn over a note. 





Turn over a <lrt. 


Turn between notes. 



Canto. 




£ - men < da • tos nos com 


V 

3 113 6 5 



(2) The Inverted Turn is indicated by J or 


Written. Played. 



(3) The Shake, or I'utll, which is indicated by 
tr. or ir, and consists of a rapid alternation of the 


Written. 


principal (written) note with the diatonic note above, 
which may be hither a semitone or tone according to 
the degree of the scale on which the shake appears. 
'Care must be taken to see in what key the shake 
appears, as the diatonic note above of the temporary 
key is the otae to be used. Bach, Handel, Mozart, 
Haydn, and other composers of the eighteenth 
century generally commenced the sliakc witli the 
note above, except in the case of a shake (commenced 
immediately atter a rest, which w'as termed trill ex 
abrupto^ when the shake always commenced on the 
principal note. Hummel and later composers, 
excepting (Chopin, who reverted to the older style of 
Bach, commenced with the principal note. Bach 
generally indicated the shake as follows : 






It will be seen that the accent always falls on the 
principal note, and that the time taken by the 
ornamental notes is robbed from that principal note, 
whereas in the Nachschlag the time of the small 
notes is taken from the preceding note. The 
following shows the NachecMag and Schlvifer : 



or by a note of anticipation after the W. aa — 


Written. 




Nachschlag. 


Schleifer. 



A shake usually, though not invariably, ends with 
a turn. 


Tub Shakb. 


Written. 


(«) 




Played. 



The .slur shows which is the schleifer. (7) The 
Appoguiatuha : 

Written, Played, 




^ 4 - 


Pluyed. 



In modern music this shake (Jb) is written : 



(8) The Acciaccatura 

Written. 



In addition to the above, 
other ornaments, a few o; 


iq.v.)-. 


Played. 



there were in older music 
: which are shown belOw ; 


whilst the performance of (ji) i.s : 


Written. 

A 

Played. 


...f 

^ r — r— 



(4) The Mordbntr, and (5) The Inverted Mor- 
dents, also called 1’ualltbiller or Sohnelleb. 
These (4 and 5) are shown \in»ler Mokdentk, 
p. 413. (6) The Slide, Schleifer, or Tierce 

Coulee. 

The Slide. 

Written. Played. 
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Written, Flayed* 

0/Vs» 


r=^\; 

zm- 

w. w. 

Orplment {Min,) Sulphide of arsenic, As^S,. 
Arsenic = Gl, sulphur = 31» per cent. Orthorhombic, 
blit usually in foliated masses, not in crystals. 
Of a beautiful lemon yellow colour. Sectile and 
flexible. The artificial orpiment is used as the 
pigment King's Yellow. From Bohemia, Hungary , 
Transylvania, etc. 

{Paitit.) A rich yellow pigment compounded 

from sulphur and arsenious oxide. 

Orris Root {Botany'). The prepared rhizomes of 
ItU fioTGntina (order, Iridacvtp) are extensively 
used in perfumery and in the manufacture of 
*' Essence of Violets.*’ 

Orr’s Zinc White {BecZ) Sec Zikc White. 

Orthochromatic (Photo.) This term is generally 
understood to mean tlie correct rendering of the 
luminosity or brightness of colours in monochiome 
by photographic means. 

Orthochromatic Plate (Photo.) A ydatc which 
has been specially prepared for photographing 
coloured objects, and in which the colour sensitive- 
ness has been obtained by the addition of certain 
dyes to the emulsion. In order, however, to gain 
full advantage of this addition, it is necessary to 
employ an orange screen to cut oft some of the blue 
and violet light. The pn^pei seloction of ibis screen 
is a matter of importance, a.s should it ab.sorb tfK> 
mucli of these rays, those colours would photograph 
too dark. 

Orthochrom T. (Photo.) A sensitising dye stated 
to give to photographic plates sensitiveness for green, 
yellow, orange, and red, and to confer a high degree 
of sensitiveness generally. 

Orthoclasc (Min,) Aluminium and potassium 
polysilicatc, l\.fl , Aip, . GSi(X.. Silica = 64*2, alu- 
mina = 18-4, potash = 10*95 * per cent. Mono- 
syrnractric, in thick prisms; often twinned in one 
of three ways, the twin planc.s being respectively 
parallel to the orthopinacoid, to a clinodomc, and 
to the basal plane, in the Carlsbad, Bavono, and 
Manebach types of twinning. Colour : white, grey, 

, red, and in the variety Amazonstone, green. Sunstune 
and moonstone arc other varieties which are used by 
lapidaries. Jn Cornwall, Aberdeen , Bohemia, Norway, 
jSwitzerland, etc. 

Ortho-Ck>iiiponJDd8 (Oiem,) The prefix ortho is 
used in chemistry in two ways. Fir-^t, to denote 
what may be called a normal or ordinary compound, 
as distinguished from others which are not normal. 
Examples : Oi ihophospboric acid was so called when 
other phosphoric acids were discovered, and had to 
be distinguished from it. Orthoborio acid i>s so called 
because: it is the normal or common boric acid, and 
has to be distinguisbed from other boric acids. The 
prefix is also used in organic chemistry to distinguish 
derivatives of certain unknown acids which are 




related to the ordinary carboxylic adds in sooh 
wise that the latter are anhydrides of the former.. 
Examples : 


/OH 

OH 

Ortbouarboniu Acid 
(unknown). 

/OH 
II OH 

^ OH 

Ortboforniic Acid 
(unknown). 




OCJt. 

\ocX 

Ethyl Ortbocarbonate. 

oc,n. 


II “ C 

\OC8H5 
Ethyl Orthofoi-maie. 


-OCjH, 


-OH 

Carbonic Acid. 

OH 

Connie Acid. 


Second, the prefix is used to denote two adjacent 
positions in the benzene ring (see Benzene), and 
occasionally in other rings also. Example ; 


CII 


HC C.COOII 
lie 'C.COOH 


CH 

which is phthalic acid, may be called benzene ortho- 
dicarboxylic acid. A ring consisting of four carbon 
and tw*o nitrogen atoms is knowm as the diazine ring, 
and when the nitrogen atoms are adjacent we have 
the orthodiazinc ring. Ortho-compounds have cer- 
tain characteristic features ; e.g. ortho-acids form 
anhydrides. See Phthalic Acte. Orbhodiamines 
give many condensation reactions which meta- and 
paradiamines do not give. An ortho-substituent 
often hinders a reaction in which its fellow oHlio- 
substituent is concerned. Thus, in making the otb ) 
c.sters of the toluic acids, while 59 per cent, of 
meta-acid was made into ester, only 26 per cent, /f 
the ortho-acid was formed under exactly the nc 
conditions : 

COOH COOTl 

r c 

HC C.CH, HC CH 


HC'^^CH iTC's,yc.cn, 

CH CH 

Orthotuluic Acid. Metatoluic Acid. 

Orthodia^onal (A^iu.) The lateral axl^ of the 
monosymmetric .system which is at right angles to 
tlje principal axis. 

Orthodome (Min.) A form of the mono.sym- 
metric system : it is a prism whose axis is the 
ortliodi agonal ; the four faces are regarded in 
opposite pairs of two. 

Orthopinacoid (Min.) A form of the mono- 
symmetric system whose faces are parallel to both 
the orthodiagonal and to the vertical axis. 

Ortol (Photo.) This developer is said to bo a 
mixture of hydroquinone with a sulphate of inctbyl- 
orlho-amido-plienol, C(,H/)HNnCrL. It is rea<Uly 
soluble in water, and produce.s a colourless solution. 
Ortol by itself has no developing power, but on the 
addition of sodium carbonate development takes 
jdace rapidly, 

Oryza (Botany). A genus of grasses, including 
the rice plant ( 0. sativa). 

Ob {Chem.) The symbol for OSMIUM (g.v,) 

Osazones (Chem.) Dibydrazonos in which hydra- 
zine residues arc attached to adjacent carbon atoms. 
Only osazones derived from phenyl hydrazine. 
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CgHjNHNHj, are meptioned in this article; such 
osazones are usually termed phenylosazoncs, but 
they will be called simply osazones for brevity. 
The simplest osazone is derived from glyoxal or 
from the simplest possible sugar glycolose, which 
is the monobydric alcohol of glyoxai : 

HO : O . NHGbH^ H . C : N . 


. NECeHj 




+ 2H,0 


NHO.Hj 
H.C-.N.iqnOeH, 


HC ;0 

Gljoxttl. 

1 +3H,N.NHC,H5= I + 

H.C:0 n.C:N.NnC„H5 

GJycolofio. Glycolose OmxtjDt}. 

211.0 + NHj -f C5H3NH, 

Osazones are formed by substances of the general 
formula: : 

II R 


R 

( 1 ) 00 

io 


(2) 00 


CII,,OTI 


(3) CHOn 

I 

OHO 


where R may be hydrogen or a complex group. All 
sugars containing aldehyde and ketone groups form 
osazones, and their osazones serve to distinguish 
between them, c.//. dextrose and lactose, which 
resemble each other closely in their tests, can 
easily be distinguished by making their osazones 
and examining the latter under the microscope. 
They are all prepared in a similar manner ; c.r/. to 
inr.k g'meosazone, 1 j>art glucose in 20 jiarts 
watci j warmed for an hour and a half (for the 
Iwsst ’d') on the water bath, with 2 parts phenyl- 
h; <1razine hydrochloride and 3 ywirts sodium aee- 
tate, wlieii the osazone crystallises out. It may l)e 
recrystalliserl from alcohol. Osazones are yellow 
crystalline solids, insoluble in water, soluble in 
alcohol. The o.sazones of the sugars have only a 
detinite melting point when rapidly lieated. They 
})OHsess reducing properties. The action of hydro- 
chloric acid on glucosazone is very important ; it 
yields pheiiylbydrazine hydrochloride and glucusone ; 


OHjOH 

I 

(OIIOH), 


CH.OH 


+ 211.0 = 

C:N.NHCJT, ‘ CO 


fCHOH), 


I 

H.CiN.NHCgHj 


HCO 

GlucoBone. 


The glucosone on reduction with zinc dust and dilute 
acetic acid yields laevulosc. Thus gluco.se csin 
be converted into laevulose. Other osazones of the 
sugars also yield osones in a similar way. 


OBclllating Cylinder A cylinder swinging 

on pivots, termed Tbttnkions, and having its piston 
rod connected directly to the crank pin, without any 
connecting rod. 

Oscillation. A general term for a “to and fro'’ 
movement, however produced. 


, Centre of. iStr Pendulums, 

Oscillations^ Electrical (Meet.) See Obcillatoby 

DisonABGB. 


Osolllatoiy Discharge (Elect.) If the plates of 
a charged condenser be connected by a conductor 
(whose resistance does not exceed a certain value) 
a aeries of very rapid alternations of charge are set 


np, the plates of the condenser becoming in tnro 
positively and negatively charged. An aUemating' 
current of very high frequency thus flows in the 
conductor ; but it rapidly dies away as the original 
energy of the charged condenser is dissipated in the 
form of heat. If 0 be the ca^iacity of the condenser, 
L the self induction, and K the resistance of the 
circuit by which the plates are connected, there 

will be no oscillations if be greater than 

the resistance be small, the period of the oscillations 
is approximately T=2 ir -v/LO. 

OBCilloflPai>h (Elect . ) A n i nstr ament for showing 
the changes in a rapidly varjdng cuiTent or E.M.F., 
e.g, for indicating the wave form of an alternating 
current. It is in principle a galvanometer whose 
natural period of vibration is very small compared 
with the period of the alternating current. 

Oiirid PieP (Arcldtect.) A form of pier used in 
Egyptian architecture, c g. at Luxor, having a 
colossal figui'e of Osiris carved on its front face. 

Osier's Anemometer (Meteorol.') An instrument 
invented by Osier for determining the pressure of 
wind. Ry means of clockwork a record of this 
pressure is obtained for every instant of time. 

Osmiridium (Chem.) See Ibidium. 

Osmium and its Compounds Os. Atomic^ 
weight, 101. A bluisli white metal; infusible in 
anything except the electric arc; sp. gr. 22*6, that 
is to say, the heaviest metal known ; oxidises to 
the volatile tetroxide when heated in air ; insoluble 
iu aqua regia after it has been strongly heated, not 
otherwise ; heated in chlorine, it forms, according: to 
the amount of chlorine, OsCl^ OsCl,, OsCl^. Osmium 
can be crystalli.sed from its solution in tin. The 
metal occurs along with platinum, and remains behind 
as OSMiBiDii^M (see Iridium) when the ore is treated 
with aqua regia. It is obtained by converting the 
osmium in the alloy into the tetroxide, which is 
volatile (see Iridium) ; the tetroxide is dissolved 
in caustic potadi, and the solution reduced with 
alcohol to potassium osmate, K^OsO^, which is dis- 
solved in water and precipitated with ammonium 
chloride. The precipitate heated in hydrogen yields 
the metal. Several oxides are known (OsOj ; Os^O, : 
OsOj; : OsO^). Only the tetroxide OsO^ is important ; 
it is often called osmic acid. It is formed by heat- 
ing tlie metal in air, when the oxide sublimes in 
shining needles. It is soluble in water, alcohol* 
ether. Smells like chlorine, readily volatile, distils 
in steam. The vapour attacks the eyes and mucous 
membrane in a dangerous way. Its aqueous solu- 
tion is reduced by many metals. Sulphur dioxide 
forms a blue solution. It has feeble acid properties, 
but does not redden litmus. Used as a stain in 
microscopy. Forms compounds of unknown nature 
with the albumins. Osmium forms complex cyanogen 
and ammonium compounds. 

OsmosU (Phys.^ Cltcm.) If two liquids be separated 
by a porous partition, there will be in general a 
tendency for the liquids to traverse the partition — 
e.g. let a solution of copper sulphate in water be 
separated from pure water by a partition consisting 
of a sheet of parchment ; the water will pass through 
in one direction, and the dissolved substance in the 
other. This process is termed Osmosis. 

Osmotic Pressure CJu 7n.) Let a solution 

and a solvent be separated by a semi-permeable 
partition, which permits the passage of the solvent^ 

31 
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but not of tbe dissolved snbstanoe. The solvent will 
pass through until it exerts equal pressure on both 
sides of the partition ; the total pressure exerted by 
the solution will then exceed that exerted by the 
solvent by an amount equal to that excrteil by 
the dissolved substance alone. This amount is 
termed the Osmotic Pressubb of the dissolved 
substance. In the case of a dilute solution (if it is 
not an electrolyte) the osmotic pressure obeys laws 
very closely resembling the fundamental laws of 
gases: (1) it is proportional to tiie concentration; 
(2) its variation with temperature is the same for all 
Buhstanoes, the pressure probably b«*ing proportiomil 
to the absolute temperature ; (3) solutions containing 
the same number of di.s.solve(l molecules per unit 
volume exert the same pressure. Sec also Solutions. 

Osones Si*e Osazoiukb. 

Ossia (Music), Or this instead. An alternative 
passage of music. 

OBsioletf Auditory (Zool.) A scries of small bones 
(the ^lallmSy hwmy and stapes) in tiie tympanic 
chamber of the ear. They serve to coiivca’ the 
vibrations from the tympanic membrane (“ drum ”) 
to the internal car. 

Ostensolp, Ostensory. A monstrance (q.v.) for 
displaying the Host to the congregation. 

Ostinato (Music), A ground bass, i.e. a bass 
which repeats over and over again in a composition. 
A fine example may be found in J. S. Pacirs I’ossa- 
caglia in C minor for the organ. 

Oltrieh (Zool.) A family (StvutMonidec) of tbe 
subclass or flightless bird.s. The common 

African ostrich (StnUhio camehts) differs slightly in 
colour from the fiomali type (S. moJijbdopfiaTuis), 
The plumage forms a valuable article of trade. 

Ottava (Music), An octave ; e.g. ottava bassa or 
bassa, an octave lower. 

Ottoman or Royal Cord (Silk Manvfac,) A plain 
corded silk, woven as Gros, with three or more picks 
in the same shed, but having an a<lditloual binder 
warp, the tlireads of which intersect each pick, 
keeping them apart and giving the cord an extended 
flat appearance. 

Ottoman Rib [Textile Manufac.) Also termed 
80LEII4. A ribbed fabric in which lines or bars 
traverse the cloth, but on which the rep is formed 
entirely in the warp. 

Ounce. See Weights and Measures. 

Out (Typog.) When a compositor has omitted any 
words, a line or sentence, each omission is called an 
“ out.” 

Outcrop ( Oeol.) The outer edge of strata where 
these come either directly to the surface or en<l off 
against some new-er formation. Tlie form of the 
outcrop varies on the one hand with the dip or inclin- 
ation of the strata, and on the other with the shape 
of the surface which intersects those strata. 

Outer Forme (Typog,) The forme that contains 
the first page of a sheet. 

Outer String (Carp, and Join.) In a staircase 
the string (q,v.) farthest from the v*all, i,e, tbe string 
over which the handrail is fixed. 

Outer Tympan (Typog,) A frame used on hand 
presses. It is covered with pfirchraent, and c?ach 
sheet of paper to be printed is placed upon it. Sec 

Xympaks. 


Outfall Bewem (Civil Eng.) The large main 
channel conveying sewage (after it leaves the area 
of collection) to the place where it is to be dis- 
posed of. 

Outgo (Plumh., etc.) The outlet of a trap. 

Outlier ( Geol.) A portion of a stratum which has 
been isolated from tbe main mass by the removal of 
some of the rock around, so that the outlying mass 
is surrounded on all sides by strata of older date. 
Of, INLIEB. 

Outline (Art, etc.) (1) The contour of a figure, 
or the line or lines by which it is bounded in the 
plane of vision. (2) A drawing which represents an 
object merely by line.s, not a finished view. 

Out of Gear (Ettg„ etc.) (1 ) Gear or spur wheels 
are out of gear when their teelii do not engage with 
ea(‘h other. (2) A general expression for “out of 
order.** 

Out of Register (Print.) (1) Whon pages on one 
side of a sheet do not fall exactly within the area of 
tliose printed on the other side, or w'hen line does 
not fall upon line, or (2) when a work or design is 
produced in more than one colour and the separate 
printings do not fall into their proixjr positions, tlie 
work is said to be “ out of register." 

Output. (1) The energy developed in a given 
time by any prime mover or source of energy. 
(2) The amount of work produced by a workman, 
machine, factory, etc. 

Outside Callipers (Eng,, etc.) Callipers (q.v.) with 
the jjoints curved inward, so as to enable the 
external diameter of an obiect to be measured by 
them. 

Outside Crank (Eng.) A crank consisting of, or 
equivalent to, a single lever arm placed at the end of 
the crank shaft. 

Outside Cylinders (Eng,) C3iinders of a loco- 
motive placed outside the main frame. 

Outside Gouge (Ca/rp., etc.) A gouge with the 
bevel on the outer or convex surface; the ordinary 
form of carpenter’s gouge. 

Outside Lap (Eng.) See Slide Valve. 

Outside Lining (Carp, and Join.) The linings of 
a cased frame nearest the reveals. 

Outside Reams (Print.) Reams of machine or 
liand made paiM-r coutaining two quires of imperfect 
sheets, one quire placed at the top and one at the 
bottom. The price of “outside” reams is usually 
20 per cent, lower than that of “ good.” 

Out to Out (Build., etc.) In measurements this 
term means that the dimensions arc taken over all. 

Ouvarovite (Min.) A calcium chromium garnet 
of ax)proxiiuate composition, Alj,0,= 5, 

Crfiy =» 22, CaO * 30 per cent. Cubic, in dodecahedral 
crystals of emerald green colour. From the Ural 
Mountains. 

Oval. A closed curve of an egg shape, not to be 
confu.sed with the ellipse. An oval is symmetrical 
only about its longer axis. 

Oven Coke (Met) Coke specially prepared by 
heating in closed chambers, and retaining a much 
larger amount of carbon than ordinary gas coke. 

Over Ail or Snr (le) Tout (ITer.) A bearing that 
surmounts or is placed over others in the field is said 
to be over alL * 
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Orerbloving iMiM). A term used when too 
much wind is forced through a pipe, causing it to 
sound one of the harmonics instead of its funda- 
mental tone. 

Overcasting {Bind.) See Ovbbsbwing. 

Overcoil (Wdtehee). The outer coil of a Breguet 
balance spring. See Bbeguet Spbing. 

Over-Compoimded Dynamo {Bleet. Bng.) A 
dynamo whose windings are so arranged that the 
voltage at the terminals increases as the load is 
increased. 

Overcrowding (^Hygiene), Under the Factories 
and Workshops Act overcrowding in workrooms is 
deemed to exist when the cubic space for each adult 
is less than 250 cubic ft., and during overtime less 
than 400 cubic ft. The minimum stan<lard laid down 
by the Local Government Board Model Byelaws 
is 400 cubic ft. per adult (two children under ten 
to count as one adult) for rooms in which persons 
both live and sleep, and 3(X) cubic ft. for rooms used 
solely for living. See aUo Floou Space. 

Over-ExpoBure ( Photo.) An over exposed image 
appears very quickly during development ; but the 
contrasts between light and shade are not sufficiently 
marked. This fault may be lessened by using a 
developer with a small amount of alkali, or by sub- 
mitting the finished negative to Intensification 
iq-v.) 

Overflow (Plumb.) An outlet pipe fixed to a 
cistern near the top to prevent the water overflowing. 

Overhand Stoping* See Mining. 

Overhanging Shaft (Bng.) A shaft whose end 
projects some (Tistance beyond Ihcj bearing ; a pulley 
on this end is termed an Overhanging Bullby. 

Overhauling (-Eng.) (1) *1110 reversal of the 

motion of a crane, crab, or other lifting gear, 
when;by the load descends by its own weigiit. (2) 
A general term for the examination of a machine, 
etc., with a view to repairs. 

Overhead Crane or Traveller (Eng.) A crab or 
crane running on rails mounted on stanflards or 
girders so as to travel along a siiop above the level 
of the machinery, in order to lift heavy pieces of 
work. 

Overhead Gear (Mining). The Head Geab^ or 
structure over a shaft which supports the hauling 
tackle. 

Overhead Rallwayi iCieil Eng.) Railways 
carried on arches, iron or steel viaducts, etc. 
Examples are the New York, Berlin, and Liverpool 
Elevated Railways. The fust two run along streets, 
carried on an iron viaduct supported by iron columns; 
the latter extends for 6 miles behind the docks. 

Overhead Trolley {Elect. Eng.) See Elhctbic 
Tea(;tion. 

Overhead Wires, eto. (Elect. Eng.) Any system 
of conducting wires, either bare or insulated, sup- 
ported at intervals by poles or arms. The wire is of 
course insulated from the pole at the point of contact ; 
the common system of telegraph wires is a good 
example of bare overhead wiring. 

Overlap (Eng.^ etc.) The amount by which two 
plates cross each other at a riveted joint, etc. 

(Geol.) A stratum is said to overlap another 

in cases where the lower one is locally absent. 
The use of the term is now usually confined to 


instances in which the two strata referred to belong 
to the same geological formation. Overlap implies 
deposition against a sloping surface. 

Overlay (Print.) Used in connection with the 
printing of illustrations. Proofs are pulled on three 
or more pieces of paper of varying substance, and 
parts are ** peeled*' or cut away from each. Then 
all are lightly pasted together and placed in position 
over the block to be printed, so that the greater 
thickness is brought to bear upon the darker portions 
of the picture, the medium upon the intermediate, 
and the thinnest upon the background or lighter 
details. 

Overpick (WeaviTig). The system of picking in 
which the picking arm is over the going part or 
shuttle boxes. Both light and heavy built looms are 
mounted with this kind of picking motion. 

Overpoled Copper (Met.) See Copfeb. 

Overrun {Typog.) If in a printer's proof any 
matter is marked to be taken out or inserted, words or 
lines are transferred from one line or page to another to 
preserve uniform length. This is termed overunniug. 

OverBailing (Build.) Overhanging. See aXw 
COBBELLINQ. 

Oversewing or Overcasting (Bind.) The method 
of sewing adopted when .single leaves, e.g. plates, 
arc to be attached to the sections or folded sheets at 
the end of a book, or when a book consists entirely 
of single leaves. In the latter case a certain number 
of leaves, four, six, or eight, are connected together 
by ovei*8ewiiig, so as to form sections for further 
treatment, the thread being fastened at the head and 
tail of each section. 

Overshot Wheel {Eng.^ etc.) A water wheel 
which is driven by water entering the buckets at the 
top of the wheel. 

Overstep {Geol.) A stratum is said to overlap 
another older one in those cases in which the rela- 
tion between the two 
is that of an uticon- 
formability The 

older strata have, in this 
case, undergone prior 
disturbance and denu- Overstep. 

dalion, and the newer 

have been deposiled after the movements which 
caused the disturbance had ceased. Overlap and 
overstep may coexist in the same section, as is the 
case in the figure. 

Overtone {Sounds Mitsie). A sound of higher 
pitch protluced by a vibrating body along with its 
fundamental tone. Overtones accompany almost 
every tone which it is possible to produce, and can 
be (.letected in very many cases. See aUo Hab- 
MONICS. 

Overtones (Mtmc). Harmonics (y.v.) 

Ovolo (Archifeet.) A convex moulding. The 
Roman ovulo is a quarter circle, but the ovolo used 
by the Greeks is a flatter and more graceful curve. 
The ovolo is also used, but not extensively, in 
Decorated Gothic work. See Cyma, Echinus, end 
Column. 

Ovule (Botany). The egg shaped body developed 
within the ovary of a flower, and which after 
fertilisation becomes the seed. 

Ovum {^ol.) An Egg Cell, the structure from 
which an animal is developed after fertilisation or 
union with a male cell or spermatozoon. 
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Ox {Zool.) Bos tauTM (family, Bovidof). Apart 
from the use of the flesh as food, the horns are made 
into various articles (combs, knife handles, etc.) ; the 
cartilages and skin cuttings yield glne; the hide, 
leather ; and that of the calf, vellum. 


Oxalates ( CTiem, ) See Oxalic Acid. 


COOH 

Oxalic loid (Chem.) ) 

COOH. White crystalline 

(monoclinic prisms) solid; crystallises with 2HjjO; 
loses its water of crystallisation at 100° ; poisonous. 
On heating, it sublimes in part, and part decomposes 
to carbon dioxide and formic acid, the latter also 
partly decomposing to carbon monoxide and water. 
Heated with glycerine, it gives formic acid 
at 110°, and at a high temperature allyl alcohol. 
Beadily soluble in water and in alcohol ; less soluble 
in ether. Its dilate aqueous solution decomposes on 
keeping in presence of liglit. Heated with strong 
sulphuric acid it gives carbon monoxide and carbon 
dioxide, the sulphuric a«id removing a molecular 
proportion of water; phosphorus pentachlorido reacts 
in a .similar way : 

COOH 

I + PCI. * rOCL 4 2HC1 4 CO 4 CO-. 

coon 


Oxidising agents, such as acidified potassium per- 
manganate, readily oxidise it to carbon dioxide and 
water, 

COOH 


4 0 


COOH 


2COa 4 H.,0. 


Sodium amalgam yields glyoxylic acid with a strong 
aqueous solution of oxalic acid ; 

COOH Clio 

I 4 2H = ! 4 n,o. 

COOH COOH 


It is a dibasic acid. Oxalic acid occurs chiefly in the 
form of its calcium and acid potassium salts ; the 
former is very widely distributed in plants, and is 
present in urine, and foims also a urinary calculus ; 
the latter also occurs in many plants, 4*.y. sorrel 
(hence it is called salt of sorrel) and rliubarb. The 
acid may be obtained synthetically by passing carbon 
dioxide over finely divided sodium (shaking melted 
sodium with sand) at 3U0° : 

COONa 

2CO, 4 2Na - I 

COOXa. 


To obtain the acid from the sodium oxalate, precipi- 
tate its solution with calcium chloride and decomijose 
the calcium oxalate with dilute sulphuric acid; 
decant and crystallise. When an aqueous solution 
of cyanogen is allowed to .stand, ammonium oxalate 
is form^ besides other products, showing that 
cyanogen may be regarded as the nitrile of oxalic 
acid: 


CN 

I 4 
CN 


COONH, 

i'OONn,. 


The pure acid is best obtained by lieating cane sng^ 
with six times its weight of concentrated nitric acid 
till reaction sets in, allowing it to psoceed alone, 
concentrating, and leaving to crystallise. On the 
large scale it is obtained by heating the sawdust 
of a light wood with caustic potash and water, 


extracting with water, precipitating the solution with 
milk of lime, and decomposing the calcium oxalate 
with dilate sulphuric acid. The clear liquid is then 
crystallised. The following oxalates are important : 
Ammonium Oxalatb, (NH^)jC5jO^, obtained by neu- 
tralising oxalic acid with ammonia; used as a test 
for calcium. On beating it, some oxamide is formed : 

COONH, CONH, 

1 : 1 +2Rfi, 

COONH, CONH, 

Heated with phosphorus pentoxide it yields cyanogen. 
Calcium Oxalate, CaC-O^, has been mentioned 
above ; it is nearly Insoluble in water and in acetic 
acid; soluble in hydrochloric acid ; on heating it gives 
calcium carbonate and carbon dioxide. Fbbbous 
Oxalate, FoC^O^, obtained as a yellow powder on 
adding a solnliou of oxalic acid to one of ferrous 
sulphate ; on heating it leaves behind finely divided 
ferric oxide ; its double salt with potassium oxalate, 
KjFefC^O^^H.^, is a powerful reducing agent, and is 
used in photography. Bor Ethyl Oxalate, see 
Ethyl Oxalate, Ethylamineb, Ketipic Ethyl 
Esteb. 


Oxidation {Chem,) Oxidation is a name given to 
any one of three operations, viz. 

(1) Addition of oxygitn to a substance. 

(2) Removal of hydrogen from a substance. 

(H) The change of an -ous salt into an -t'c salt. 

(I) Examples of this process are the combustion 
of hydrogen in oxygen, the c onversion of bcnzaldo- 
hyde on exposure to air or oxygen into benzoic acid, 
the oxidiition of oxalic acid to carbon dioxide and 
water by an acidified solution of potassium perman- 
ganate. Those oxidations which are brought about 
by free oxygen, and which run spontaneously, are. 
sometimes called autoxidations. The process of 
addition of ox>gen to a substance to form another 
containing more oxygen is usually not a simple one ; 
there are intermediate reactions. Thus, when hydro- 
gen burns in air or oxygen, a part, at all events, of 
the water produced arises from the formation and 
subsequent decomposition of hydrogen peroxide : 

TL -= H 4 II 
H-O 

II 4 n 4 0., - I * H,0 4 O 
H-0 


This is shown by the fact that hydrogen peroxide is 
always produced in fair quantity when a jet of burn- 
ing hydrogen is made to play on a piece of ice. 

When benzaldehyde is exposed to air, a peroxide is 
first formed by addition of a molecule of oxygen, and 
this peroxide oxidises a second molecule of bcnzalde- 
hyde to benzoic acid, and is itself reduced to the 
same. 


C.H^C 






O-OH 


<: 

Benz 


0-0-H 


4 0,=CeH5C< 

Benzoy ihyd roperoxide. 


+ C.H.C,/ 


II /OH 

2C.H.C</o 


When a substance is present which the benzoyl- 
hydroperoxide can oxidise more readily than it can 
benzaldehyde, then this substance is oxidised. For 
example, indigo ; then the indigo is oxidised by one 
of the added oxygen atoms, and the other remains to 
form benzoic aei£ 

The two cases, hydrogen and benzaldehyde, are 
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t 3 rplcal of a vei'y largo number of quite similar 
reactions which are known. 

(2) An example of this is the oxidation of alcohol 
to aldehyde. Here also previous addition of oxygen 
may be assumed to occur with formation of an 
unstable compound which breaks down into water 
and aldehyde : 

CH, CH, CH, 

+ 0= • +H-0 

H H H 

H CC--OH 

OH \0H 

(3) This kind of change corres|)onds to the con- 
version of the salt of a lower oxide into one of a 
higher oxide, hence it is called an oxidation. The 
process is, however, electrolytic in character ; it 
consists in adding to the kation a positive charge 
equal to that carried by a hydrogen ion or a multiple 
thereof. For example, when oxygen is passed 
through a solution of fenous sulphate acidified with 
sulphuric acid, the hydrogen ions give up their 
charges to iron ions, and form water with the 
oxygen : 

+ 

+ + 

+ = + = + e 

2Fe + 280^ + 2H + 80^ + 0=2Fe + 3S0, + H.,0. 

The process of oxidation is cfEccted by reagents or 
mixtures of reagents, which are called oxidising 
agents. Examples of oxidising agents are : Oxygen, 
chlorine in presence of water, nitric a('id, hypo- 
chlorous and hypobromous acids and their salts, 
potassium perroaiigauate alone or in presence of 
sulphuric acid or caustic potash, chromic acid or 
potassium dichromate acidified with sulphuric acid, 
ferric chloride, nitrobenzene, and many others. All 
these reagents act by providing oxygen, except ferric 
chloriflo, which gives up chlorine, and the latter 
removes hydrogen from the compoun<l it oxidises, e.g, 

2FeCl, + H,S ■= 2FeCl, + 21101 + 8. 

Examples of the action of oxygen are given above. 
Chlorine oxidises iu virtue of its action on water, 
liberating oxygen : 

n,sOj + cu + HjO - n^so, + 2nci. 

See Nitric Acid, Manganese Compounds, Potas- 
sium Compounds, Hypochlobous Acid, JiAUTH’s 
Violet, Methylene Blue, Anthraquinone, 
Quinoline. Chromyl dichloridc {ttce Chromium 
Compounds) is a valuable oxidising agent in organic 
chemistry. 

Oxide of Zinc {Dec^ A valuable white pigment. 
It is usually manufactured by extracting the metal 
from zinc ore and burning this metallic zinc in a 
special furnace. The zinc being heated to a tem- 
perature slightly above that of its melting point, it 
takes fire and burns, giving off dense fumes, which 
are conducted by means of bags of muslin or other 
material. These bags are from 30 to 90 ft. long, 
and in them the fumes at once form what are known 
as ** flowers of zinc.*’ These collect in the bags 
attached to the main cliamber, which arc regularly 
emptied at frequent intervals. Under ordinary con- 
ditions six charges may be taken out in one day. 
The oxide of zinc is then passed through sieves with 
a very fine mesh, and is ready for use. Zing White 
is extensively used in the manufacture of paints, 
about 85 per cent, of the total quantity produced 
being used for this purpose. The remainder is used 




in various industries, including the manufaotuie of 
floorolotbs, wallpaper^ rubber, and for glazin^^ 
earthenware, etc. The use of late has increased very 
rapidly owing to the attention of the public having 
been drawn to the poisonous effects of using white 
lead. Oxide of zinc possesses the advantage of being 
much whiter and finer than lead. The whiteness is 
of importance not only when the work is to be 
finished in white, but also when the pigment is to 
form the bahe of a coloured paint, as freedom from 
any yellowish cast retains the purity of tint of the 
added colours. The durability is claimed to be 
greatly superior to white lead paints, owing prin- 
cipally to the fact that it is uninfluenced by sul- 
phuretted hydrogen and other gase.s, which are found 
in the air of all large towns, as well as in the vicinity 
of stables, lavatories, etc., and which have a disas- 
trous effect upon white lead, changing its chemical 
nature entirely, and causing it to discolour or turn 
black. Among painters zinc white is not yet so 
popular as it should be, probably owing to the fact 
that it requires to be mixed differently from white 
lead. When purchased ground in oil in the ordinary 
way, it shr)uld be mixed with refined boiled oil only, 
and only sufficient turi)entine to render it of suit- 
able consistency for application to the work by 
means of a bfush. 

Oxides (Chrm.) Compounds of two elements, one 
of which is oxygen, are called oxides. Tho w^ord 
oxide Is also used in organic chemistry to denote 
compounds formed by the union of alcohol and acid 
radicals with oxygen. Thus ether is sometimes called 
diethyloxide, 0 — CglTj. For convenience the 

oxides may be divided into several classe.s, viz. Basic 
O xiDEH, Peuoyides, and Acid Oxides; but the 
division is not a sharp one, for an (»xlde may belong 
to more than one class, e.g. aluminium oxide is both 
a basic oxide and an acid oxide. Basic oxides are 
usually the lower oxides of metals, form salts an<l 
water with an acid, and unite directly with acid 
oxides to form salts, and some unite with water 
to form alkaline hydroxides (alkalis). Example : 
BaO + 2HC1 = BaCls + H^OiBaO + SO, = BaSO, : 
BaO -f ITjjO = Ba(OH)^ Basic oxides are made by 
heating the metal iu air or by heating its carbonate, 
hydroxide, or nitrate, whichever may be most con- 
venient or economical. Peroxides contain more 
oxygen than basic oxides, and give oxygen on being 
heated. They give chlorine when heated with 
hytlrocbloric aci(l, oxygen when heated with sul- 
phuric aidd. Some peroxides give hydrogen peroxide 
with dilute acids in the cold, e.g. BaO, and Na,0,^. 
Peroxides can be obtained by heating basic oxides 
carefully in oxygen, or by heating them with an 
oxidising agent such as potassium chlorate. Acid 
oxides are non-metallic oxides, or the highest oxides 
of metals. They unite with water to form acids and 
with basic oxides to form salts, e.g. SO, + H.^O = 
HjSO^ and 80, + PbO • PbSO^. Goneral metiiod.s 
of formation cannot be given. Sosquioxides are so 
called because the ratio of the oxvgen atoms to 
the atoms of the other elements is IJf : 1, and 
not because of any reaction common to them as 
a class. They ha\e the general formula 11,0,. 
Examples : B.jO, ; Fc^O, : Al^O, ; CrgO,. See also 
Oxygen aiid Oxidation. 

Oxidising Agenti {Chem.') See Oxidation. 

Oximes ( Chem .) Compounds containing the group 
>C = NOH. There are two classes of oximes, one 
class derived from aldehydes, and the other from 
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ketones; the former class is distingaished by the 
name Aldoximes, and the latter by tlie 'name 
Ketoximes. 


H0«0 

Acetaldehyde. 


+ . OH . 


HC « NOH 

Aoetaldoxhue. 




the nitrile separating as an oil, while the acetate of 
the anti form dissolves. 


p|p>CO + n,NOH = = NOH + HjO 

Ace^ne, Acetoxime, 

a Ketoxime. 

Oximes are nsnally obtained by acting on the 
aldehyde or ketone with hydroxy laminc hydrocliloride 
in presence of caustic soda. When that carbon atom 
in an oxime which is doubly linked to nitrogen is 
united to two different groups, one of which may be 
hydrogen, stereoisomerism may arise. The isomers 
in the case of a monoxime may be represented thus : 


Y X 


OH HO 


In what follows this will be represented for short as : 


c.n5-c-n 




N-OH NO.O( 

CA-C 

:: + CH3C00H. 
N 


NO.OC.CH, 


CA-C-H 

II 11 —>No decomposition. 

HON CH3.CO.ON 

As acetates cannot be isolated in the case of the 
fatty aldoximes, it mast be concluded that they 
usually exist in tlie syn form, pi-oducing an acetate 
first which is so unstable that it instantly decom- 
poses into nitrile and acetic acid. The ketoximes 
undergo the Beckmann rearrangement. Example : 




1. X-C-Y 


II. X-C-Y 


N - OH N - C3H5 NH . C3H, 

Benzopheuone Oxim«. Benzanillde. 

This reaction can 1^ used to distinguish between the 
syn and anti ketoximes. It is brought about by the 
action of strong acids, acid chlorides (which also 
yield some acid ester), glacial acetic acid, acetic 
anhydride, and hydrogen chloride ; best of all by dry 
ether and phosphorus i>entachloride. Example of 
its use in determining configuration is : 

C3H5 - C - CjII.OCH, CJI5 - C - OH 

II -> II 

N-OU 

Paratuetboxybenzophenone (MP 

C^H.-CO 


N - OH HO - N 

For example, acetaldoxime should exist in two 
forms: 

II. CH3 - C - n 

II 

N - OH HO - N 

Synaoelaldoxinie. Antiacetaldoxime. 

Form I. is called the S.vn form, and Form II. is called 
the Anti form. Both forms are known in many ca8e.s 
both of Aldoximes and Ketoximes. Acetaldoxime is 
known a solid which melts at 47° and is trans- 
formed by beating it to HKj° into the otlier form, 
which melts at 12°. The latter form i.s unstable, 
and passes on keeping into the higher melting variety. 
Benzaldoxime, when formed by the metho<l given 
above, exists in the anti form {nee below) ; but the 
syn form can be obtained from it by dissolving in 
benzene, passing in dry liydrogcn chloride, and 
decomposing the hydrochloride so formed by sodium 
carbonate. The anti and syn forms of benzaldoxime 
melt respectively at 49° and 81°. The syn is the 
stable form for fatty aldoximes, and the anti for 
aromatic aldoximes. On looking at the formuhe for 
the syn and anti acetaldoximes given above, it will 
be seen that the syn form of any aldoxime should 
more readily lose the elements of water than the 
anti form. Accordingly, where the two forms are 
known, that one which loses water more readily is 
regarded as the syn form. Example : When the two 
forms of benzaldoxime are cautiously dissolved in 
acetic anhydride, they form acetates. The acetate 
of the syn form easily decomposes into benzonitiilc 
and acetic acid on treating with sodium carbonate, 


NHCgHpcn,. 

BexuBoic Acid Aninido. 

C',Hj-c - c.H.ocii, HO - c- c.n.ocn, 

II -» « 

HON 

ranuuettaoxybenzophenoiie (MP 187°). 

OC-C,II.OCH, 

O.HjHN 

Anisic Acid Anijide. 

For further information see Werner’s “ Stereo- 
chemie.” Oximes are resolved by aqueous acids into 
their components ; 

(CH3)30 : NOH 4 H30«(CH3),C0 + H^NOH. 
Keduction by hydrogen (sodium amalgam and glacial 
acetic acid) converts them into amines : 

(CH,).,C : NOH + 411 «(CH,),CHNIl3 + U^O. 

The following is an important application of an 
oxime in the cheiiustry of the sugars : Glucose 
yields an oxime by direct reaction with a pure solu- 
tion of hydroxylaminc. On treating this oxime with 
acetic anhydride and sodium acetate, the penta 
acetate of the nitrile of d-gluconic acud is obtained. 
This nitrile loses its cyanogen group on treatment 
with ammoniacal silver oxide. The product on 
hydrolysis with hydrochloric acid gives d-arabinose — 
a pentose : 

Cn30H(CH0H),CH:N0H 

d-Qincosc Oxime. 

CH300CCH3(CH00CCH,),CN 

CH30H(CHOn),CHO. 

d-Aiabinose. 

The formation of oximes is important in character- 
ising aldehydes and ketones. 
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Ozindole (Cliem,) < 
'CH 
N /' 




CH, 


>CO. Tauto- 


meric form, C 6 H 4 


*\nh 

COH. The lactam of 


orthoaminophenylacetic acid. Crystallises in needles ; 
melts at 120 *’; soluble in water; oxidises in moist 

air to dioxindole, C-H.\ 3 C 0 ; reduces 

ammoniacal silver; heated with baryta water at 160°, it 
gives the barium salt of orthoaminophenylacetic acid : 

C:NOH 

nitrous acid gives an isatine oxime, 'y CO ; 


it easily forms a potassium salt, which with ethyl- 
iodide and subsequent hydrolysis yields ethylortho- 
aminophenylacetic acid, showing that in the 
potassium salt the metal is united to nitrogen. 
Oxin<lole is obtained by reduction of orthonitro- 
phenylacetic acid by tin and hydrochloric acid. 


Oxonium Compounds {Chem.) In certain of its 
cximpouiids oxygen appears to have marked basic 
properties; in sikjIi compounds the oxygen is divalent, 
but it can unite with acids and form salts in which 
the oxygen behaves as a tctravalent element. These 
s.*ilts of tetravalent oxygen arc called oxonium com- 
pounds, from analogy with ammoniutn compounds : 


V 

0 

R>«<X 


Oxonium Compound, 

R \ III. 

^ N 

R \ V. Al 

> R,-^N<' 

a,/ 

Ammonium Compound. 

Examples : Dimethyl pyrone forms salts with many 
acids, find behaves like a base comparable in strength 
to a weak base like urea : 

CH, 

CIT, 

^ CIl — 0 IT. 

CO- >0 

\ CII = ri /^ 

/ CH = c \ IV. • n 
coc; > 0 

^ CH - c/ Cl 

cu. 

CH, 

Dimethyl Pyrouo. 

Diinethylpyrone I]ydTO( 


The discovery of the quadrivalencc of oxygen in 
sidts of dimethyl pyrone (Collie and Tickle) has led 
to the recognition of the quadrivalencc of oxygen in 
a large numlxsr of organic compounds. Thus an 
aqueous solution of ethylene oxide precipitates many 
metals as hydroxides from solutions of their salts, 
and thi.s is best explained by assuming a compound 
of etbylene oxide and water to bo formed in which 
oxygen is tetravalent : 

CH« CH,>. 

I I ">o<; 

CH,/ CH,/ /on 

Ethylene Oxide. Bthyleuo Oxide Hydrate. 

Ether, acetone, and many alcohols have the pro- 
perty of uniting with acids to form compounds in 
whicli the oxygen of the substances mentioned is 
tetravalent. It is remarkable that complex acids, 
such as hydroferrocyanic, hydroferri cyanic, phos- 
photungstio, and others seem c.specially prone to 
form oxonium salts. The oxonium salts of certain 


colourless or feebly coloured substances are strongly 
coloured compounds, and to this phenomenon the 
name haloohromie has been given. Examples are: 
(1) Dibenzalacetone : 


C.H,CH 

C,H*CIl 


CH 

CH 


>CO 


a pale yellow solid whose hydrochloride is intensely 
yellow and hydriodide nearly black. (2) Triphcnyl- 
carbinol : 


cX^C.OH 

CUl6 / 


a colourless crystalline solid which dissolves in 
concentrated sulphuric acid with an intense yellow 
colour. 


Oxybaphon (^Archttoh) A large bell shaped vessel 
like the Crater, used by the Greeks and Komans for 
holding wine. 

Oxychlorides iChem.) See Chlobides. 

Oxy-Compounds (Ckem.) These are better called 
hydroxy-compounds. See Hydroxy. 

Oxy-Ether Light A substitute for the oxyhy- 
drogen ligLit where coal gas and hydrogen are not 
available. A stream of oxygen is blown through a 
tank of ether, and the mixture burnt along with an 
arlditional supply of oxygen at the jet. See Oxt- 

HYDBOOEN FlAMB. 


Oxy-Gaslight. Coal gas may be used with oxygen 
under pressure instead of hydrogen. The blow- 
through jet is used in this case. See Oxyhydroobk 
Flame. 

Oxygen 0. Atomic weight, l(i. A faintly 

blue, o(iourless gas ; it is magnetic ; boils at — 182®, 
the liquid is distinctly blue; 1 litre at 0° and 
760 mm. weighs 1*43 grs. ; 100 cc. water at O'* dissolve 
4*9 cc. oxygen at if and 760 mm. Oxygen occurs 
free in the air to the extent of very nearly 21 per 
cent, by volume or 23 per cent, by weigld, when 
determined after the air has been freed from water 
vaiKJur and carbon dioxide. As oxygen is di.s6olved 
by water it also occurs free in all natural waters. 
Tliis free oxygen is necessary for the respiration of 
all plants and animals. Oxygen occurs combined in 
w'ater (g by weight) and in silica, carbon dioxide, all 
tissues of plants and animals. It has been calculated 
that the weight of the atmospheric oxygen on every 
.square ceutiinetrc of the earth's surface is about 234 
grams, while the same amount of oxygen is contained 
ill a layer of water 260 cm. deep and 1 square centi- 
metre area, while the oxygen in the earth’s solid crust 
is about 10, COO times that in the air. Oxygen may be 
obtained by heating many oxides, e.g. those of mer- 
cury, silver, and gold, and all peroxides of metals ; 
also by heating salts of oxy-acids rich in oxygen, such 
as chlorates, permanganates, perchlorates ; by heating 
peroxides, permanganates, dichromates with sul- 
phuric acid ; by the electrolysis of acidulated water, 
or water made alkaline with caustic potash or baryta 
water, when the oxygen is evolved at the positive 
pole ; by warming a paste of bleaching powder and 
water with a cobalt salt. On the large scale it is 
obtained from the air by Brin’s Process ( q.v.) Oxygen 
unites directly with most of the other elements • with 
some, such as phosphorus, sodium, potassium, calcium, 
at the ordinary temperature; with others on heating, 
such as carWn, zinc, copper, iron, lead ; it does not 
unite directly with the halogens .and the noble metals 
(silver, gold, platinum). The rate of union depends 
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on the state of division of the element. Oxidation 
proceeds so quickly with finely divided iron and lead 
that they catch fire in air at the ordinary temperature 
when sufliciently finely divided. All ordinary com- 
bustions are due to the union of the oxygen of the air 
with the thing burned or with the constituent elements 
of the thing burned, as when coal gas burns ; here the 
free hydrogen unites directly with the oxygen of the 
air, while the elements of th.e marsh gas which is con- 
tained in cool gas each unite separately : 

CH, + 20 ,«C 03 + 2H20. 

As air contains only one-fifth of its volume of oxygen, 
all substances which bum in air bum much more 
rapidly, and therefore at a much higher temi)erature 
and much more brightly in oxygen. When an clement 
can unite with oxygen in more than one proportion 
the compound formed by the union of the two will 
depend on the relative amount of the element and 
oxygen ; thus copper and phosphorus each form lower 
oxides with a restricted supply of oxygen than they 
do with a free supply of oxygen. In the ciise of com- 
pounds also the products are usually different when 
combustion occurs in a restricted supply of oxygen 
from what they are in a free supply. Sulphuretted 
hydrogen in a restricted supply of oxygen gives water 
and sulphur; in a free supply, water and sulphur 
dioxide. Marsh gas can he made to yield metlnl 
alcohol, formaldehyde and formic acid in a limited 
supply of oxygen ; but in a free supply it yields 
carbon dioxide and water only. Fiiudly, many, if 
not all, combustions in oxygen do not occur in the 
absence of every trace of moisture ; carbon monoxide, 
nitric oxide, j)hosphorus are examples of substances 
which will not unite with oxygen in absence of 
moisture. Oxygen is distinguished from all other 
gases except nitrous oxide by rekindling a glowing 
spill, and from all other gases by giving reddish brown 
fumes with nitric oxide and by turning an alkaline 
solution of pyrogallic acid brown or an ammonia 
solution of cuprous oxide blue. Oxygen has the 
property of uniting with certain compounds of un- 
saturated character to form unstable substances 
which possess active oxidising properl ies. I’he 
oxygen united in this way is called active oxygen,” 
and the process of union is called the activlsing ” 
of oxygen. Thus turpentine is a substance which 
renders oxygen “active.” The compounds are sup- 
posed to be formed by the addition <if a molecule of 
oxygen, and they have been called “ moloxides.^* The 
oxygen in these moloxides can oxidise a portion of 
the unactivised compouud, or it can oxidise other 
substances capable of oxidation when brought in 
contact with the moioxidc. Thus active turpentine 
oxidises water to hydrogen peroxide; potassium 
iodide with liberation of iodine, many metals, and 
indigo solution. One of the best established cases 
besides turpentine is triethylpliosphinc : 


(C,H4),P + 0,=(C,H5 




The triethylphospbine moloxMe can yield trietliyl- 
phosphine oxide by autoxidation, or it can oxidise 
anotber sobstance sneb as indigo : 

+ i =2(C,H,),P0. 

\ o 

Sde Oxidation. 


Oxyhydpogen Flame and Light. Hydrogen burns 
in air with a non-luminous but hot fiame; if the 
fiaxnd be supplied with oxygen instead of with air, 



When the two 


a still hotter flame results ; the temperature of the 
fiame is suflicieut to melt many very refractory 
substances, e.ff, quartz and pUiiinum ; while certain 
infusible bodies, such as lime, arc raised to a state 
of brilliant incandescence. Ordinary coal gas gives 
a flame which is nearly equal to that obtained from 
pure hydrogen, and may frequently be used instead. 
For burning coal gas, or hydrogen supplied at low 
pressiures, a Blow Through Jet is generally used : 
a typical form is shown in 
the figure. The hydrogen or 
coal gas enters at A, and 
bums at the open end of the 
jot c; here it is fed by a 
steady stream of oxygen 
flowing through the central 
tube B. The form of the 
mouth c is modified in 
various ways, but the essen- 
tial principle remains the same, 
gases are obtainable under approximately equal 
pressures, as, for example, when both are supplied 
in steel cylinders, a Mixing Jet is used. Xu this 
case the hydrogen and oxygen are allowed to 
mix in proper proportions in a small cliamber, 
from whicli a single tube leads to the jet. If the 
gases are allowed to mix in exactly tbeir com- 
bining pn)portions (two volumes of hydrogen to 
one volume of oxygen), there is great risk of 
explosion, though in a good mixing jet this may lead 
to no worse result than the “ snap ” which causes a 
sudden extinction of the fiame. But by using a con- 
siderable excess of hydrogen, the arrangement is safe 
and the flame steady and far more yMjwcrful than 
when the gases are in thoir combining proportions. 
The OXYHYDBOGEN LIGHT or LIMELIGHT is ob- 
tained by allowing the fiame to impinge on the 
surface of a small cylinder of lime (calcium oxi<le, 
CaO). This cylinder is usually about 2 in. high and 
1 in. in diameter ; a hole is bored along its axis 
through which passes a rod which supports tlie lime. 
By means of this rod the lime can be raised an«l 
lowered, or turned round, so that a fresh surface cun 
be exposed to the action of the flame. 


Ozy-Spirit Light. Wnen coal gas or hydrogen is 
not available, its place may be supplied by the 
vapour of Methylated Spirit (y.e.), burnt at a 
jet resembling that used in tlie oxyhydrogen light 
and sui)plitd with oxygen under pressure. €/. 
OXYHYDROGEN FLAME. 


Ozokerite (^Chem.) A soft yellowish solid which 
occurs in the ground chiefly in Galicia and Kou- 
mania. Its constitution is unknown, but it is pro- 
bably a hydroc*arlK)n or mixture of hydrocarbons of 
the olefine scries. When bleached it is used under 
the name of ocrasin or ceresine (y.v.) as a substitute 
for beeswax. 


(Afin,) One of the hydrocarbons. It is a 

solid, of a dark brownish colour, resembling wax, 
and melting at 130'=* to 140® F. When refined, it 
yields Ceresine (g.v,} From TJphall in Linlithgow- 
shire, Newcastle, Galicia, Moldavia, etc. 

Ozone (Chewi.)^ 0,. A faint blue gas which has 
not been obtained free from oxygen ; lias ebarao 
teristic smell. The liquid gas is deep blue and very 
magnetic; it boils at —119® to —125®. The liquid 
is explosive. It is absorbed by many essential oils, 
such as turpentine ; slightly soluble in water. The 
gas is easily decomposed by heat into oxygen. On 
account of the ease with which it gives up one atom 
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of oxygen and passes into ordinary oxygen it has 
strong oxidising properties, e,g, it oxidises many 
metals. In the case of mercury a mere trace of 
ozone is enough to destroy the surfaoe tension of a 
large quantity of the metal ; also many lower oxides 
are changed by it to higher oxides, many snlphides 
to sulphates. It oxidises and destroys organic 
matter so that ozone cannot occur in air which con- 
tains much organic matter. It reacts with potassium 
iodide os follows : 

2KI + H,0 + O3 * 2KOH + 0, + I,. 

Here, since a molecule of ozone gives rise to a 
molecule of oxygen, there is no change of volume. 
This reaction also serves as a test for ozone when it 
is known that no other substance sucli as chlorine is 
present which can liberate iodine from potassium 
iodide. Ozone probably occurs in very pure air ; it 
does certainly after the occurrence of electric dis- 
charges. It is formed in a large number of pro- 
cesses, e.g, in the electrolysis of acidified water, in 
the silent electric discharge by the kathode ray.*;, 
and by radium rays ; also when moist phosphoru.s is 
exposed to air, when sulphuric acid acts on peroxides, 
permanganates, etc. To obtain it in quantity the 
silent discharge is passed across a tliin layer of 
oxygen at a low temjwrature. Tliat ozone has the 
formula O3 is shown by weighing a vessel full of 
oxygen, then weighing the same vessel full of 
ozonised oxygen, and finding the volume of the 
ozone in the latter case by absorbing it with 
turpentine. The difference in weight is the differ- 
ence between the weight of equal known volumes of 
oxygen and ozone ; and as the density of oxygen is 
known, that of ozone becomes kriDwn, Experiment 
gave density = 47‘8. Ozone is used in the purifica- 
tion of drinking water. Experiments have shown 
tliat by combined filtration and ozoni.sation the 
number of microbes can bo reducerl from 100, (.00 to 
(iOOjOCK) per cubic centimetre of water down to at 
most 2 to 9 per cubic centimetre. It is also used as 
a disinfectant in other ways : in bleaching, in oxidising 
■oils, etc. A solution in olive oil is sold under the 
name “Electron.” 

Ozonometer {Meteorol.') An apparatus which by 
the use of ozone test papers determines the amount 
of ozone in the atmosphere. 

Ozotype {Photo.) The name given to a modifie<i 
form of carbon printing by the inventor Mr. T. 
Manly. In this process the print is maiie upon sized 
paper sensitised with a mixture of a bichromate 
salt, manganous sulphate, etc., and when sufficiently 
printed the unaltered salt.s are removed by washing 
in cold water. This initial image forms the basis 
upon which the finished print is afterwards formed 
in pigmented gelatine. In this process no reversal 
of the image occurs. 


P {Chvm.) The symbol for PHOSPiioitUS (j.v.) 

IT. Tlie symbol used for the ratio of the circum- 
ference to the diameter of a circle; the number 
3-1416. 

Pacinotti Ring {Elect.) An early form of dynamo 
armature, ring shaped, and provided with projecting 
teeth. 

Packing {Eng,) (1) Material placed in a cavity 
or Stuffing Box {q»v.% through which a pi.ston rod 
passes, in order to make a steam-tight joint. (2) 
Material of any kind, e.g. wooden blocks, used to 
rsdee an object by a small amount. 


Packing {Mining). A Cornish term for the final 
dressing of copper or tin ore. 

Packing Case. A large box, usually of unplancd 
timber, with the joints nailed together instead of 
being dovetailed ; often lined with lead, zinc, etc. 

Packing Ring {Eng.) A Piston Ring {q.v.) 

Pad {Build.) A piece of lead or felt placed under 
the ends of a steel girder at its bearings. 

{Engrav.) An implement shaped at the base 

like a broad pestle, and consisting of some soft 
material covered with silk. It is used for spreading 
the warm varnish over plate.s that are to be etched. 
See aUo Engbaving and Etching. 

Padding. Huperfiuous matter in a literary article, 
speech, periodical, etc., introduced for the purpose 
of filling up space. Buperfluous accessories which 
detract from the merit of an artistic composition. 

Paddle {Eng., efo.) (1) One of the blades fixed on 
the paddle wheel of a steamship ; more correctly 
termed a ITloat. (2) A tool used for spreading 
various kinds of material in metallurgy, paint 
mixing glass manufacture, brickmaking, etc. 

(3) A sluice in a lock-gate, or in a weir, for regulating 
the quantity .of water passing through. 

Paddle Boat {Eng.) A steamboat propelled by 
Paddle Wheels {q.v .) ; now almost superseded by the 
use of tie Screw Propeller {q.v.) 

Paddle Box {Eng.) The casing over the upper 
part of a Paddle Wheel {q.v.) 

Paddle Wheels {Eng.) A pair of wheels of large 
diameter. On the circumference arc fixed fiat Floats, 
projecting in a radial direction. Paddle wheels were 
used on all the early types of steamship, but they 
are now nearly obsolete. The floats were either 
fixed or else hinged at their base, and actuated by 
le\CTS in such a way that they entered tl.e water 
at right angles to the surface; the latter type are 
termed ]<'eath£BIng Floats. 

Paddling {Leather Manvfac.) A proce8.s of 
tanning light skins in a pit in which a paddle 
revolves. The paddle keeps the skins and tan liquor 
gently moving, and so accelerates the process. 

Pad Saw {Joinery). A narrow saw that will slip 
inside the handle (pad) when not in use. 

Page Cord {Tyjtog.) Bmall, strong twine with 
w’hich the pages of type are tied round to secure 
them temporarily until they are imposed. 

Page Gauge {Typog.) A narrow piece of wood 
technically known as reglet, and rather longer than 
[ a page of the work to be printed. It is notched at a 
I point where the full page of type, including head and 
signature line, ends. The pur|)ose is to secure uniform 
length of pages and to facilitate imposition. 

Pagoda (1) A Hindoo temple. (2) 

The lofty, many storied Chinese and Japanese towers 
are known as Fagodas and also as Taas. 

Paint {Dec.) A liquid or serai-liquid consisting 
of one or more pigments reduced to a fine powder 
and mixed with linseed oil and turpentine or 
other vehicle {iiee Thinnebs), and intended to be 
used for the preservation or beautifying of the 
surface to which it is applied. A second class of 
paints are known as “ water paints ” {q.v , ), and require 
only the addition of water to render them ready for 
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use. Most paints arc made from a base such as 
vrhite lead, oxide of zinc, lithoponc, barytes, or some 
other white pigment (see Pigment) mixed with 
colouring matter in order to produce the required 
hue. Sometimes a base of an earth colour such as 
ochre or sienna is used in place of the white. See 
Paint Mixing. The terra “ pure paint ’’ is a mis- 
nomer, since any mixture of pigments and drying oils 
would form a paint ; in fact, if ordinary road mud 
were dried, ground in oil, and then thinned witVi oil 
and turpentine, it might be said to be a pure paint. 
When the word “ paint ” is used in connection with 
the name of a pigment of well defined composition, 
it causes vagueness and uncertainty. For example, 
white lead ” on a paetkage means that the contents 
consists wholly of white lead or basic carbonate of 
lead ; but if the term “ white lead paint ” is eniployed, 
it indicates a paint, in the composition of which only 
a certain amount of white lead has been used. 

PaintePB* BruBhes (Dec.') The brushes with which 
the painter, the decorator, and the artist apply paint 
in the execution of their work vary largely in shape, 
size, and make, scores of different kinds being used 
according to tlie exact requirements of the work in 
hand. They all consist essentially of some sort of 
flexible bristles, hairs, or fibres, held togcthcir by 
means of twine, wire, or metal bands, and fixed to 
a suitable handle. The best painters’ brushes, which 
are intemled to be used in oil paint, are made of hog's 
bristles of various kinds, intermixed so as to give 
“ spring or elasticity, solidity, and strength. These 
bristles are very expensive, and in the cheaper 
brushes it is common to find hor.se hair and other 
adulterants mixed with them. The result is that 
the brush is flabby, lacks spring, and does not la.st 
long. Genuine bristles can be recognised when 
viewed under a magnifying glass by their having split 
ends, while the root will be found to he “ flagged,’' 
i.e, larger than the stem. Horsehair and fibic have 
both ends alike and of the same size. Ground 
Brushes are used to apply paint to fairly large 
surfaces, and are made in different shapes, the chief 
btnng the ordinary ** round ” and ** oval ” forms. The 
latter is generally thought to be handier to use 
than the round form. Ground brushes are made in 
eight sizes, varying in the weight of bristles from 
1 oz. to 8 oz., and usually numl:)ered l/o to 8/o. 
The smallest and largest size.s are not much used. 
The smaller brushes are called Sash Tools, and 
arc used in cases where the ground brush is too 
bulky ; for example, on moalding.«^, sashes, l)eads, etc. 
For executing narrow lines and in i)ainting the 
smallest details, Fitches are employed. These 
consist of smaller bristles, formed to make a flat, 
pointed tool, and held in place by a metal ferrule 
on the end of a somewhat long handle. “Liners” 
are used for drawing lines in paint upon work. 
They are made with square and bevelled edges, and 
the bristles are quite stiff. Varnish Brushes 
are specially made for applying varnish, although 
some makes are suitable fur both paint and varnish. 
They are fiat in form, and the bri.stle.s usually taper 
to form a bevelled edge. This is effected by standing 
the bristles in a little box with a convex bottom, 
formed of the same shape as that which it i.s dc'-ired 
the ends shall assume. HiSTEMi’ER Brushes arc 
made in various forms, the most common being 
termed “ one knot,” “two knot,” and “three knot.” 
The term “ knot ” means that a bunch of the hair is 
tied up with wire. The handles are usually madt; of 
bcecbwood. Another form which is rapidly growing 


in favour is made by binding the bristles in flat form 
to the stock or handle, either by brass, tin, or 
leather. Dusting Brushes, as the name implies, 
are used for removing dust, etc., from a surface 
before the paint is applied. They consist of long, 
elastic bristles, somewhat loosely bound, and are 
made in two forma — round (used in London and the 
south of England) ; and flat (used almost exclusively 
in the north). Tlie latter ix)Bse8ses the advantage 
that it may be used for removing dust from places 
where the round brush would not go, cff. between 
the balusters on a staircase. Stipplebs are large, 
flat, square brushes tiaving a handle on the back, 
and are used for stippling paint work, i.e, dabbw^ 
a newly painted surface so as to remove brush marks 
and leave a slightly uneven surface. See Stippling. 
Stencil brushes are usually stiff bristled tools, lield 
together in a tin ferrule or twine binding, and are 
used both in oil and water paint. See Stencilling. 
Various additional brushes arc used by grainers and 
sign writers. See SIGN Whiting. Ordinary painters’ 
brushes, such as ground brushes and sash tools, when 
new are too long in the bristles for convenient use, 
and are therefore “ britlled,” i.e. bound up about 
halfway with cord. Bridles are sold ready for use, 
but practical painters usually prefer to make them 
on the brush. In some makes of brush a small piece 
of copper wire is bound in with the bristles at each 
side, .‘'O as to be bent back, and form holds for the 
twine use<l in forming the bridle. In others two little 
metal eyelet holes are provided for the same purpose. 
In all cases the bridle is removed when the bristles 
have become sufficiently worn to render its further 
use unnecessary. The care of brushes is of great 
importance, and yet is frequently neglected, Baint 
brushes after use should be thoroughly cleansed with 
turpentine or soap and water, all paint being removed, 
and should then be wrapped up in paper, with a 
little camphor or naphthalene to keep away moth, 
and put away until required in a fairly cool dry 
place. If, however, the brush is required for use 
the next daj’, it is not necessary to take this trouble. 
It should then be suspended in a can or other suit- 
able utensil full of raw linseed oil, or water may be 
used instead. The brush .:houl<l not stand on the 
bri>tles, or the weight will cause them to turn to 
one side, and the brush will remain permanently out 
of shape. A hole lK)red through the handle of tlje 
brush, and a wire or thin rod passctl through it, forms 
a .simple but effective device for the purpose. 
Varnibli bruslies are usually suspended in linseed 
oil, but never water. A better plan is to suspend 
them in varnish, and in cases where the work Is of a 
delicate character in the same grade of varoLsh as 
that in which the brush is used. In this case it is 
necessary to use a special can having an airtight 
cover. Whitewash, distemper, and all other bnishe.s 
used in water need only cleansing, but they must 
never be put away damp or be stored in a very warm 
aud dry place, or the bristles are lik(dy to iKJCOme 
loose. In every case it is best to soak a brush of 
this kind in water for a couple of hours before 
using it. W’riting pencils siiould bo cleaned in 
turpentine, and, if they arc not to be used for some 
time, dipped in olive oil or tallow and smoothed out 
to a point. Brushes that have become hard with 
paint should be soaked in a liquid paint remover, 
such as Ball’s, or in raw linseed oil, and may then 
be cleaned with hot turpentine. No brush .should 
bo kept in turpentine for a length of time, as it 
causes the bristles to lose their elasticity. Water 
has the same effect. — ^A. S. J. 
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PaiAten* Holiday ^Der.) A term used to indicate 
portions of painted work which have been inadver- 
tently skipp^ or missed. To prevent this it is usual 
to vary the colour of undercoats somewhat, so that 
the portions of the surface reached by the paint 
brush can be distinctly seen. 

Painting (MethiMls). In the history of the 
technical processes used by the painter the first 
place must be given, on the ground of antiquity, to 
what is known as Tainting in Tempera. This 
method was followed in remote ages by the decorators 
of Egypt, Assyria, and of other Eastern countries, 
as well as by the Greeks and early Italians, and is 
still counted among the accepted modes of pictorial 
practice. It is in its mechanism akin to both oil 
and water colour painting, but it has certain peculiar 
qualities by which it is distinguished. The colours 
employed are certain earths and other dry pigments 
which are made to a/lhcro to the canvas or wall 
surface by being mixed with a gummy medium such 
as glue, size, white or yolk of egg, starch, milk, 
cheese, the juice of the fig tree, or a compound made 
up of several of these combined. The process is 
susceptible of many applications and does not limit 
the artist who uses it to a particular manner of 
expression. Its results are permanent under proper 
conditions, and the works for which it has been 
employed are not seriously liable to chemical change 
or mechanii al disintegration. Fresco in its various 
forms has also a history of many qeiituries. It was 
much practised in Italy, both in Homan times and 
during the period of the Henaissance, and its best 
traditions arc still kept up by modern artists in that 
country. True fresco is a method of painting upon 
wet plaster with colours mixed with water. These 
soak into the actual substance of the plaster and 
become permanently incorporated with it as it dries. 
(Mly those pigments which do not suffer from 
contiict with lime can be ii5*ed, and only so much of 
the plaster surface as will remain wet while the 
artist is painting on it can be dealt with in each 
day’s working. An ancient variation of true fresco 
wsLs used by the Homans. It was called Encaustic 
Tainting, and its peculiar qualities came from the 
use of wax for a binding medium. Wax was applied 
to the plaster as a ground, it was often mixed with 
the pigments themselves, and was finally spread over 
the face of the finished painting, and then by the 
application of heat was fused into a soli<i mass in 
which the colours were securely locked up and 
protected from all possibility of damage by 
atmospheric influences. A modern method, known 
as Spirit Fresco, also depends upon the use o! 
wax to bind the work together. In this the wax is 
dissolved in a volatile oil, and the resulting compound 
is employed as a medium for preparing the wall 
surface and for mixing with the pigment s, so that a 
fusing effect akin to that in encaustic painting is 
produced without the use of heat. In another 
modern variation, Water Glass Tainting, the 
pigments, mixed with water, are laid upon plaster 
which has been previously soaked witli solutions of 
ferro-silicio acid and water glass of potassium, and 
they are set with a fixative which is sprayed or 
brushed over them after they have dried. All kinds 
of fresco depend greatly for their permanence upon 
rotection from moisture, and they are easily destroyed 
y damp soaking into the wall on which they arc 
painted. Oil Painting began to be extensively 
practised towards the end of the fifteenth century. 
According to tradition it was invented by Van Eyck, 


a Flemish artist, bat its principles were understood 
at an earlier date, and he seems merely to have 
systematised them conveniently. It differs from 
tempera painting chiefly in the substitution of oil or 
varnish in the place of the albumen or size chosen 
as the binding medium in the older process. The 
pigments are mixed with oil and varnish until they 
become of the right working consistency, and are 
laid upon canvas, wood panels, or any other equally 
convenient surface. Under reasonable conditions 
oil paintings will last for centuries, but they are 
liable to changes in tone from the darkening of 
the oil vehicle and to colour alterations from the 
use of fugfitive pigments. The technicalities of 
the process arc, however, so adaptable and so easily 
controlled that its popularity is quite intelligible. 
Modern Water Colour Painting in its best form 
is a process of staining white paper with washes of 
transparent colour. Tlio pigments are soluble in 
water, but they are prepared with the admixture of 
a small amount of gummy medium which makes 
them flow more easily over, and adhere more closely 
to, the surface of the paper. Work done in 
transparent water colour is brilliant in effect and 
full of variety, both of colour and tone, and as the 
white paper shines through the washes it has a 
pleasantly luminous quality. Some artists prefer to 
make their water colours opaque by mixing Chinese 
white with the transparent colours, and by so doing 
revert more or less to the practice of the tempera 
painters ; but the best results are obtained by what 
is commonly considered to be the more legitimate 
method of transparent painting. One other technical 
device must be noted — Pastel Painting. This is 
really a method of drawing in colours, for the 
pigments are ••ompressed into sticks with so little 
binding medium that they work like soft chalk and 
are made to adhere to paper or canvas merely by the 
pressure of the hand in drawing. The results 
attained by such a process are necessarily somewhat 
fragile, but yet pastel paintings, if they are protected 
from friction or rough usage, are quite permanent. 
They do not undergo any chemical changes and are 
not liable to fade or become discoloured. Tins 
method of painting was first used in France in the 
seventeenth century, and its suitability for pictures 
of a delicate and fanciful type has made it widely 
popular with artists. It is still very generally 
practised. — A. L. B. 

Painting, Schools of. The nature of the works 
achieved by llie ancient schools of painting cannot 
be very exactly e.stimated. That the Egyptians and 
the Assyrians were skilful decorators and studied 
closely some of the best principles of pictorial art 
can be judged from existing remains, but these 
remains give a more or less imperfect idea of the 
full scope of their practice. Tiadition assigns to 
the Greeks also consitlerable proficiency in painting, 
but none of their pictures have survived; and of 
Roman art there have been preserveti only examples 
of mural decoration. Some of these have certainly 
a freshness of design and a beauty of finish wiiich 
suggest that the technicalities of painting were well 
understood by the artists of the period. The know- 
ledge of drawing and tlie appreciation of colour com- 
bination displayed in them imply the existence of 
higli standards of accjomplishment and the observa- 
vance of well established artistic traditions, so that 
there was not improbably a fair number of able 
painters among the Homans. But the real history 
of painting with which we are conodrned began in 
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the thirteenth centuiy, when Cimabue laid the foan- 
•dations of the great Italian School. This school 
can be divided into sevei'al groups, in each of which 
ihere were men who may be placed among the great 
masters of the world. There were the Tuscans and 
Florentines, with Giotto (1276-1336), Masaccio 
<1402-1428), Leonardo da Vinci (1452-1519), and 
Michael Angelo (1475-1563) as leaders in a company 
which included also Botticelli, Andrea del Sarto, 
Luca Signorelli, Filippo Lippi, Sodoma, and Bron- 
aino; there was the Umbrian group, with Perugino 
(1446-1524) and Baphael (1483-1620), and others 
like Finturicchio and Giulio Komano; the Paduan 
group, with Mantegna (1431-1506), Squarcione, and 
Schiavone ; the Veronese group, headed by Paolo 
Veronese (1530-1588); and the Lombardy group, 
with such masters as Domenichino, Guido, Parmi- 
giano, Correggio, and the Carraccis. There was, too, 
the splendid Venetian school, which began its 
great career in the fifteenth century with John 
Bellini (1426-1516), and produced in the years that 
succeeded Titian (1477-1576), Giorgione (1478-1511), 
Tintoret (1512-1594), and others like Sebastian del 
Piombo, Bordone, and Moroni. Altogether the 
glorious period of Italian art covered nearly four 
hundred 3 "ears. Meanwhile there was growing up in 
the Low Countries another school which was destined 
'to become not less famous. It was made up of two 
■groups, the Flemings and the Dutchmen. In the 
ir-t were included Hubert Van Eyck and Jan Van 
E;. ck, both born towards the end of the fourteenth 
ot^ntury ; Hans Mcmling, who nourished in the 
fifteenth century; Quentin Matsys and Mabuse, 
who carried on the traditions of the school into the 
.sixteenth coiitury; Kubens, who was born late in 
4he sixtenth century and died in 1640; find Van 
Dyck (1599-1641). The Dutch masters belong 
■almost entirely to the seventeenth century; among 
them were Hals (1584-1666), Kembrandt (1607- 
1669), Terburg (1607-1669), Teniers (1610-1694), 
and others like Cuyp, Paul Potter, Ostade, Hob- 
bema, and Bol. In the latter part of the fifteenth 
<;entury and the early part of the sixteenth there 
were some Gebman Artists of note— Martin 
•Schongauer, Lucas Cranach, Aldegrever, and Hans 
Holbein, who died in England in 1543 or 1554. 
The bPANisn School owes its reputation chiefly 
to the fact that it produced one great master, 
Velasquez (1599-1660). His contemporaries— Zur- 
baran, liibera, and Murillo — were also artists of 
■distinguished capacity, but none of them can be 
said to have quite rivalled him in jiower. About a 
<5cntury after Velasquez apfieared Goya (1746-1828), 
who is entitled to a place among the more notable 
Spanish painters. The French School has a long 
And hononrable record. Its best ixjriod began wirh 
Nicholas Poussin (1594-1665) and Claude (1600-1682); 
And in the early eigteenth century it included many 
men of admirable skill, among them Watteau (1684- 
1721), lADOret (1690-1743), Chardin (1699-1779), 
Boucher (1704-1770), Greuze (1725-1805), and Frago- 
nard (1732-1806). A little later came others like 
David, Delaroche, Gericault, and the Vemets, who 
helped on appreciably the development of the school 
in its modern form. The English School had its 
real beginning with William Hogarth (1697-1764). 
There had been artists of native birth before him, 
but none of them can be said to deserve places in 
any list of masters. The immediate successors of 
Hogarth were, however, men of unquestionable 
importance. Sir Johliua Keynolds (1723-1792), 
Tbomas Gainsborough (1727-1788), George Bomney 


(1734-1802), John Hoppner (1768-1816). Sir Henry 
Itaebum (1756-1823), and Sir Thomas Lawrence 
(1769-1830) are all counted now as superlatively 
accomplished painters of portraits and figure sub- 
jects, and J. M. W. Tumor (1775-1851) and John 
Constable (1776-1837) as landscape painters of 
supreme ability. The English water colour school, 
too, which came into existence about the middle of 
the eighteenth century, quickly made a reputation 
by the power of the men who attached themselves 
to it and the excellence of the work they produced. 
The modern schools which have at the present time 
the fullest vitality are the French, the English, and 
the Dutch. France is still a centre where the science 
of painting is admirably understood, and where fine 
craftsmen abound. In England the older traditions, 
though modified to some extent by foreign influences, 
are l^ing soundly carried on ; and in Holland a new 
form of artistic sentiment, derived chiefly from 
France, has been very successfully grafted on to the 
sturdy and masculine art of the older Dutch masters. 
In Italy and S]>ain there are some skilful executants 
but hardly an}' artists of the first rank ; and the same 
may fairly bo said of Germany, — A. L. B. 

Paint Mixing (Bee.) Tlio method of mixing 
paints and colours employed by painters is a some- 
what crude one. A little oil is first placed in a can 
or paint pot to prevent sticking, and then tlic base or 
principal pigment, e.g. white lead, zinc white, ochre, 
etc., ground in oil, is placed in the can, and llnsecci 
oil and turpentine arc added slowly, together with 
the necessary quantity of driers (q.v.) The pigment 
is beaten against the side of the can with a piece of 
wood shaped like an oar or paddle. When the paint 
is reduced to tic consistency of thick cream the 
colour is added if the paint is to be tinted. This 
colour is mixed separately with a palette knife on a 
slab or piece of plate glass, and is added in small 
quantities to the white in the can. The final opera- 
tion, and a very neces.sary one, is to strain the paint 
through wire gauze so as to remore all small un- 
mixecl j>articlL*s. In the best work, paint is twice 
strained. The custom of using small mechanical 
paint mixers, worked by nand, is growing among 
painters. Liquid or ready mixed paints are manu- 
factured in considerable quantities, and are usually 
sent out in lever-top tins ready for use. These are 
mixed meclianically in sj:3ecially constructed paint 
mixers, having revolving anns or paddles. In the 
best forms these arms revolve vertically, so as to stir 
ujj the heavier part of the paint, which is apt to 
settle to the bottom. The art of mixing the very 
large number of different colours required in modern 
house painting ncces.sitates considerable experience. 
The following is a short list of some of the cem- 
monest colours and their constituents : — Buff : 
French oolire and white lead with a little Venetian 
red. Bronze Green : Chrome green, yellow., and a 
little black, or chrome yellow and black alone. 
Brown (Light) : White, mixed with orange chrome 
and raw umber. Brown (Dark) : Indian red, lamp- 
black, and yellow ochre. Brick Colour: French 
ochre, Venetian red, and oebre. Carnation : Car- 
mine lake added to white. Flesh Colour : A little 
yrllf)w ochre and Venetian red added to white. 
Purple : Indian red, ultramarine, and white. Sal- 
mon; White lead, vermilion, and a little yellow 
ochre. Terracotta ; White lead and burnt sienna. 
Lavender: Ultramarine and carmine added to 
white. Sky Blue; Prussian blue or cobalt added 
in small quantities to white. Cream : French ochre 
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added to white with a little Yenetiao red. Stonb 
COLOUB : French ochre added to white with a little 
burnt umber. Ivy Gbben t French ochre, lamp* 
black, and l^russian blue. Olive : Lemon chrome 
yellow with a small propoilion of ultramarine and 
Indian red. Fba Qbbbn: Chrome green added to 
white. Chestnut.: Chrome yellow and Venetian 
red. Chocolate : Burnt sienna and a little crimson 
cr Indian red, lampblack, and yellow ochre. Fkbnch 
Grey ; Add drop black to white and a very little 
crimson and blue. Clabet: Bed, umber, and a 
little black. — A S. J. 

Paint Oils (/>ec.) That group of drying oils 
which are sufficiently abundant and cheap to permit 
of their extensive use in house painting. Linseed 
oil is the principal oil of this class ; but walnut oil 
(^r.r.), poppy-seed oil (fl'.e.), and Tung oil (Oliinese 
wood oil) (< 7 . 1 ?.) are also employed to a limited extent. 
Bosin oil is sometimes used in cheap paints, 

but it is objectionable from the fact that it docs not 
become permanently hard. {See aUo Oils.) 

Paint Stripping {Dee.) A term used to indicate 
the removal of a coat of paint from the surface to 
which it has been applied. This is alwa 3 ’s necessary 
when the old paint is very cracked or blistered, and 
rubbing smooth with pumicestone or sandpaper 
would be impossible. The most common method of 
6 tri]jping paint is to employ a painters torch or 
naphtha lamp, which is held in the l(‘ft hand so that 
the flame is directed over about a square foot of the 
old paiut at the time, the beat causing the paint to 
quickly soften. This is then remov ed by means of 
a spcjcially constructed knife having a square and 
sharpened end, and held in the right hand, A 
portable charcoal stove fitted with a long wooden 
handle is sometimes employed for the same purfKise, 
or a jet of gas taken from an ordinary gas burner by 
means of a rubber tube may be employed instead. 
All these methods have the objection that when used 
indoors they cause a good deal of smoke and smell. 
Various solvents are, therefore, sometimes employed 
instead. They consist of two classes, the first being 
a paste consisting principally of an alkali w^hich 
softens the paint after having been apjdied about a 
quarter of an hour, so that it may then be washed off ; 
the second class consists of various liquids, of which 
acetone is one of the principal constituents : this is 
cleaner than the paste, but can hardly be used with 
advantage outdoors when a high wind is blowing, as 
the liquid evaporates before the paint is properly 
softened. 

Pair Pare {Mining'). A Cornish term for a 
gang of miners (more than two in number). 

Palaontology (Oeol.) The branch of science 
which is concerned with the study of the Past J jfe 
of the Earth. Its pursuit requires an extensive 
knowledge of biology as well as geology, and its 
followers are now becoming, in consequence, more 
and more specialists in its various branches. 

Palaozoic ( Oeol.) A term much in' use even yet 
for the strata which contain tlie oldest types of 
organic remains yet known, from the base of the 
Cambrian Bocks upward to the top of the Carboni- 
ferous Bocks. By some it is still considered to 
include also the so-called “I’ermian” Rocks, which, 
however, in reality forms the natural base of the 
Mesozoic • Bocks. The Talieozoic Rocks are now 
usually sub-divided into an Cpjjer or Dcutcrozoic 
Series, and a Lower or Protozoic (if.f.) 


Palaestra {Arehaol.) A public building used 
the Greeks as a gymnasium. The chief athletic^ 
exercise taught was wrestling. 

Pale {Her.) One of the honourable ordinaries : a-, 
band placed vertically in the middle of the shield,, 
reaching from top to bottom, and occupying about 
one-third of the field. JSee under Hbbaldey. 

Palette {Arm.) A small plate of metal of various 
shapes attached to plate armour to protect the arm- 
pit 

{Eng.) The breastplate or part of a hand- 

drill to which the pressure is applied. 

{Paint.) An implement used by painters 

for the purpose of setting and mixing colours when, 
painting. It generally consists of a flat thin piece 
of w’ood (walnut or pear) or porcelain, oval or rect- 
angular in shape, with a hole at one end suitable for 
the thumb of the left band to pass through when 
in use. 

Palette Knife {Painty etc.) A thin, flexible blade 
of metal or other material fixed in a liandle. Used 
fur mixing colours on a palette or for laying the 
paint on certain parts of the canvas ; also for spread- 
ing printing ink over a surface. 

Palimpsesr {Archwol.) An ancient parchment or 
other writing material from which the origimil 
writing has been effaced to make place fur a subse- 
quent writing. The term is sometimes applied to a 
momuucntal brass which has been turned and 
engraved on the reverse side. 

Paling {Carp, and Join.) A fence formed of thin 
boards overlapping each other longitudinally, and 
nailed to the rails. 

Palisading ( Carp, and Jmn.) A fence with battens 
a few inches ax)art nailed to the rails. 

Pall {Her.) A charge in the form of the letter Y, 
Derived from a vestment peculiar to archbishops,, 
which consisted of a circular band of lambswool* 
worn round the neck, with tw-o pendants of the same 
width, one before and one behind. Only the front 
portion is showm in the charge, and this bears crosses- 
'll/^^ fitchie. 

Palla {Aroliwol.^ etc.) A loose garment or robe 
worn by Roman women over their other garments. 
A plain or ornamented cloth used to cover the 
chalice. • 

Palladian. A style of architecture named after 
its introducer, Andrea Palladio (bom 1518, died 1580). 
“It is a sort of medium between that vigorous 
severity which some exclusive minds abuse in the 
endeavour to imitate the classic style, and the 
licentious anarchy of those who refuse to recognise* 
rules, which rules* allow of exceptions* (G wilt’s En^ 
eyclopipdia of Architeetwre^ 1891, p. 1331). Palladio's- 
principal works are: B. Giorgio Maggiore, Venice, 


Basilica, Vicenza (his masterpiece). In England,.. 
Inigo Jones (1672—1052) introduced the Palladian 
style. The banqueting-hall in Whitechapel is an. 
example of his work. 

Palladitim {Chem.) Pd. Atomic weight, 100*5. A 
shining white metal ; melts about ISOCP ; sp. gr. 11*4 ; 
malleable, ductile. The metal easily absorbs- 
hydrogen {see OCCLUSION), and this occurs best on 
warming. Use is made of this property in gaa 
analysis when hydrogen has to be estimated other- 
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wise than by explosion with oxygen. The metal is 
partly oxidised in air at a high temperature; it 
dissolvesin nitric acid, forming the nitrate Fd 
Palladium forms a series of salts in which it is 
divalent ; the most characteristic of these salts are : 
( 1 ) Tlie cyanide, which is formed as a pale yellow pre- 
cipitate, when mercuric cyanide is added to a solution 
of a palladium salt ; the cyanide gives the metal on 
heating, and dissolves in potassium cyanide to form a 
double salt. (2) The iodide Pdl,, which is formed 
as a black precipitate on adding a solution of 
potassium iodide to one of a palladium salt ; it is 
insoluble in hydrochloric acid. This metal also forms 
doable chlorides with potassium and ammonium 
chlorides, e.g, K^PdCh and K^PdC-^l^j, the former 
being the more stable. Palladium occurs free, 
sometimes nearly pure, but usually with platinum, 
osmium, etc. It can be separated from the aqua 
regia solution by nearly neutralising it and pre- 
cipitating as cyanide. Finely divided palladium can 
be obtained by boiling a solution of one of its salts 
with alcohol and caustic soda. 

Palladium {Min.') This rare element occurs in two 
forms. The mineral known as Palladium consists 
of an alloy of the element palladium witli platinum 
and iritlium, and is cubic in its crystalline sxstem. 
The mineral Allopalladium is rhorabohcdial, and 
consists of pure palladium, lloth are found in asso- 
ciation with iridium and platinum in Brazil and in 
the Urahs. 

Pallai {Attron,) The second of the minor planets 
discovered. Found by Olbcrs in 1H02. 

Pallet {BiTtd,) A narrow tool of brass fixed In a 
handle, and having a straight or a slightly <;ouvex 
working surface. Used for finishing the backs of 
bound or half-bound books with plain or ornamental 
lines, either in gilt or antique st\ le. 

{Her.) A diminutive of the pale and one 

half its width. See vtider Hbraldby. 

Pallets {Cloeks and Watches), The “pads” by 
which the escape wheel teeth transmit energy to 
the pendulum or balance. 

Pallium {ArcluBol.^ etc,) The Latin name for the 
outer garment or cloak worn by the Greeks, es^MJcially 
by the philosophers. See IliMATiox. A woollen 
vestment or scarf worn by arcLLishops in the Homan 
Catbolio Church. See Pall {Her.) 

Paimm {Botany), A highly important order of 
Monocotyledons found in tropical and sub-tropical 
regions. The most common form consists of a single 
stem with the leaves arranger! in a crown at the top. 
Cocos nuoifem is the Uocoannt Palm. Sagus Ituinphii 
(found in the Moluccas) contains starchy material in 
the stem, from which Sago is obtained. Many other 
genera are economically imxMjrtant, while some are 
cultivated on account of their ornamental appearance. 

Palm Capital {Architect.) A form of capital used 
in Egyptian architecture. It resemblc.s a seiies of 
spreading palm leaves. See Campanifokm Capital, 
t'lLUSTERED LOTUS BUD CAPITAL, and Hathok 

Headed Capitau 

Palmer Type {Cycles^ Meiers), See Tyres. 

Palmitic Acid ( am.) CH 3 (CH,)„COOH. White 
crystalline solid ; melts at 62°; boils at 278-5® under 
100 mm. pressure; insoluble in i^ater; soluble in 
alcohol and ether. Occurs free in palm oil ; but 
usually it is combined with alcohols rorming esters. 


Thus its cetyl ester is chief constituent of sper- 
maceti. See Cetyl Alcohol. Its myricyl ester, 
Cj 5 H„COOO,qH 0 i, forms about, 80 percent, of l^eswax ; 
its g^ceryl ester is the chief constituent of palm oil, 
and occurs in olive oil, butter, oocoanut oil, soft 
animal fat. Adipocire, a waxlike substance found 
when the bodies of animals decay in the earth, is 
principally potassium and calcium palmitates. 
Palmitic acid can be prepared from pidm oil by 
hydrolysing with caustic potash, decomposing the 
solution of potassium oleatc and palmitate with 
sulphuric acid, and cry. stall ising from alcohol till 
pure. Oleic acid is much more soluble in alcohol 
than palmitic acid. 

Palm Oil. An oil, fat, or butter obtained from 
the fruit of .several species of the palm, chiefly Elaeis 
guienctisis. When fresh it is of a bright orange 
colour, and possesses a pleasant odour like violets or 
orrisroot; but on exposure it soon becomes rancid, 
and has then a very unpleasant smell. It is used in 
this country principally for soap and candle making, 
Tlio sp. gr. at 15° C. is 0-945, and the melting puint 
27° tf) 45° C., according to the quality and condition 
of the oil. 

Palm Wax ( Botany). A species of palm, Cerossylon 
andieoLum (urtler, Palnue), from South America; 
yields a waxy secretion us(*d in candle making. 

Palstave (Arms). A celt of bronze or other 
metal without a socket, but made so that it could be 
attached to a handle and used as a weapon. 

Paludament {Archofol.) A cloak worn over 
their armour by the highest Homan military officers. 
A berald*.s coat. 

Paly {Her.) A shield is called ** paly ” when 
divided by an equal number of vertical lines, the 
spaces being alternately of metal and colour. See 
Heraldry. 

Paly Bendy {Her.) When the last shield is 
divided by an equal number of lines drawn bendwise. 

Pamphlet {Print.) A small book containing from 
one to live sheets stitched together, and generally put 
into a paper wrapper. A short essay or treatise 
published alone. 

Panama Straw. The fan shaped leaves of a tropical 
{South American plant, Carlvdmnea palmata (order, 
Cyclantkacea!), when very young, are cut into strips 
and bleached. This material is used for making 
so-called Panama liats, which oi-e manufactured 
ciiiefly in Ecuador and Peru. 

Panathenaa. The great annual festival of Athens 
which celebrated the union of Attica under T)iescu.s. 
The festival every fifth year was more elaborate than 
those during intervening years. The celebration 
included a grand procession to t he shrine of Athena 
{see Elgin Marbles), musical competitions, and 
athletic comijctitions. 

Pan Closet {Hygiene), The pan or container 
closet consists of a china basin shaped like an in- 
verted cone, with its outlet guarded by a movable 
metal pan, which retains water in the basin. This 
metal jjan not only rapidly fouls and wears out, but 
each time the basin is emptied allows foul air to 
escape. It is the most objectionable form of closet, 
and is now prohibited by the model byelaws of the 
Local Government Board. 

Pandemic {Hygiene), The term app*lied to a 
disease prevalent over a large portion of the globe. 
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"Pane* (1) One of the sheets or pieces of glass 
forming the divisions of a iK'indow, etc. (2) One 
of the sides of the table or upper portion of a 
brilliant or out diamond. (3) The dressed tur^e 
of a stoned. (4) In irrigation, a space of ground 
bounded by a feeder and an outlet. 

— {Eng.^ etc,) The narrow end of a hammer 
head. AUo spelled Pbne, riUBN, Pin, etc. See 
Hammbbb. 

Panel. (1) A portion of a surface surrounded by a 
frame or border and often consisting of some thinner 
material, e.g, the panel of a door. (2) A thin board 
employed instead of cardboard or canvas in water- 
colour and oil jpaiuting. (3) A large photograph of 
much greater height than width. 

(/itJkf.) One of the spaces between the 

bands on the back of a bound volume. A division 
or compartment on the cover of a book enclosed by 
lines or contained witbiu a border. 

{Carp, and Jtnn,) A thin board occupying 

the spaces l>etween the styles, rails, and muntings of 
framed joinery. 

{Eng.') Tlie spaces between tlie upright 

l^ieces of a built up girder or similar structure. 

Panel Board {Elect, Eng.) A Switch Boaud {q,v,) 
built up in panels instead of being in one piece. 

Panel Gauge {Join,) A long marking gauge ; the 
rod or stem may be from 1 ft.^ to 2 ft. long. It 
derives its name from the fact *thal it is u.scd in 
gauging the width of panels and similar pieces of 
work. 

Panel Machine {Join.) A wood planing machine 
used for jiUiniug up small pieces of dat board, such 
as panels. 

Panel Picture (Paint.) A picture painted on a 
panel of wood. The earlier artists frequently painted 
on panels. 

Panel Saw. A joiner's saw for cutting wood 
across the fibres. It resembles a hand saw, but is 
smaller, and has about seven to nine teeth to the 
incli. See Saw. 

Panes {Cost.) Slashes in outer garments, e.g. 
doublets, to show the coloured lining, or to allow of 
an under garment being seen. This style was mucli 
in evidence during the fifteenth, sixteenth, and 
seventeenth centuries. 

Pan Head {Eng., etc.) A fiat headed rivet. 

Panicum {Botany), A genus of grasses belonging 
to tropical and warm temperate regions. Indian 
millet {P, nilliaeeum) is a valuable cereal. 

Pannier {Architect.) A Cokbel {q.v.) 

Panning- The operation of washing auriferous 
sand, etc., by i)kicing it in a pan to which a slight 
motion is communicated by the hand. This causes 
the particles of gold to accumulate at the bottom, 
the sand, etc., being allowed to pass over the edge 
with the water. 

Panorama. A picture of a landscape or other 
scene in which all objects that are visible from a 
fixed point are represented on the inner side of a 
cylindrical surface, the point of view being the axi.s 
of the cylinder ; or the picture is unrolled before the 
spectator, showing the various parts in succG8.sion. 
Invented by B. Barker, of Edinburgh, about 1788. 

Pantal^ph. See Pantoobaph. 


Buitheon (Architect.) A circular building with a 
domical roof, Wilt by Hadrian in Borne (A.D. 117-138} 
The portico of sixteen Corinthian columns was taken 
from an older building erected on the same site by 
Agrippa in the reign of Augustus. The following 
are some of the principal dimensions of the Pantheon : ^ 
Inteimal diameter, 142 ft. 6 in. ; external diameter, 
188 ft.; height from floor to outside of *'eye," 
148 ft. 4 in. ; thickness of dome at eye, about 6 ft. 
The building is lighted solely by means of a circular 
opening or ** eye ” in the centre of the dome. This 
eye is 27 ft. in diameter, and each square foot of it 
lights nearly 3,400 cubic ft. of the interior. 

Pan Tile {Build.) A double curved roofing tile. 

Pantograph. An instrument used for making 
copies of drawings of a different size from the* 
origioal. The pencil which draws the copy is con- 
nected with a tracing point by a set of jointed link 
work, so that the movement of the pencil always 
bears a constant ratio to the movement of the 
tracing point. 

{Lace Manvfac.) An enlarged form of the 

ordinary ])antograph mechanically adapted for pro- 
ducing designs upon fabric in the Swiss embroidery 
machine. 

Papain {Botany), See Pap aw. 

Papaver (Botany). The poppy is a member of 
the Papaceraceic, P. somniferum yields the drug 
Opium. 

Papaverine (Chem.) 

at'ttVv, 


A white crystalline (prisms) alkaloid; melts at 
147®; insoluble in water; soluble in chloroform; 
sparingly soluble in cold, easily soluble in hot, alcohol ; 
in benzene and amyl alcohol soluble to the extent of 
one part in 37 and 76 jjarts respectively; optically 
inactive. 1 1. is a tertiary base, as it unites with ethyl 
iodide ; hydriodic acid removes four methyl groups. 
t)n reduction with tin and hydrocbloric acid, it adds 
four hydrogen atoms to the ring marked 1, and the 
carbon atom marked, with an asterisk becomes asym- 
metric; the new base — tetraliydropapavcrine — can 
be resolved into the dextro- and lajvo-forms by 
3-bromcamphorsulphonic acid. On cautious oxida- 
tion with potassium permanganate and sulphuric 
acid, tlie CHj group of ]>apaveriiie becomes a CO 
group, and the pajiaveraldin so formed behaves like 
a ketone ; also it dissolves in concentrated sulphurio 
acid, giving a deep coloured solution (Oxouium com- 
pound). On stronger oxidation of papaverine, the 
product.s are : 

COOH 

0 COOH 

a 7 pyridine tricarboxylic acid — 
COOH from ring 1. 

N 
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noo( 

I I Mctabcmipinic acid— £romriug2. 
EOOCK^'OCn 

COOH 

Veratric acid— from ring 3. 

CH,0 

_CO._ 

^^COOH 

Papaveriaic acid — 

CH,0*\ COOH from rings 1 and 3. 

CH,0 

That papaverine is an isoqoinoline derivative is shown 
hy the fact that papavcraldinc above) jdeMs 
dimethoxyisoquinoline on x>otash fusion. All these 
reactions are in accordance with the above formula. 
Papaverine occurs to the extent of about 1 per cent, 
in opium. It can be obtained from the iiiothtT liquor 
remaining after the scpnrntion of morphine and 
codeine liTdroehloridcs (^sre MoiirHiXB) by precipita- 
tion, as dioxalate on addition of oxalic acid; the 
oxalate is decomposed by calcium chloride, and from 
the resulting solution of its chloride the papaverine 
c'an be precipitated by ammonia, and crystallised 
from a misrfure of alcohol and ether. 

Papaw {Botany), The edible fruit and leaves of 
CarU'a papaya (order, Carieaccir) arc valued as the 
source of papain, a nitrogenous ferment having the 
power of digesting the fllircs of meat. The tree is 
iiidigeiLons to South America, but is now cultivated 
in many tropical countries. 

Paper. On account of modern developments in 
the process of manufacture, namely, ILc employment 
of fibres other than those of cotton and linen, the 
old definition of |)aper as a “ siihstanct! made from 
rags* must be modified to read “a Bub.staiice 
composed of vegetable fibres suitably united or 
felted together into the form of a sheet.” The pre- 
sent method of making paper from rag.s may be 
described briefly ns follows. The rags, mostly im- 
ported from abroad in huge bales, are disinfected by 
exposure to high pressure steam or to the action of 
chemical vapours in clo.sed vessels. Tliey are then 
carefully assorted according to quality and colour ; 
all extraneous matter, such as string, yueces of wood, 
metal, etc., being removed during the operation. 
The next process— tjis. Cutting— is performed either 
by hand or by machinery, the better qualities of 
paper being made from hand-cut rags, which are 
reduced to pieces about 4 in. square by bringing 
them into contact with a large knife fixed to a 
bench. In this form they are passed through a 
special machine, which knocks out the dust and dirt, 
and automatically delivers them to the boiler house. 
Here they are boiled, under pressure, with caustic 
soda or with lime, in order to remove grease and the 
non^fibrous constituents of the rags. The better 
qualities are treated for eight or ten hours with 
about 10 per cent, of their weight of caustic sofla. 
Tlie removal of the dirty liquid produced is efforted 
by a thorough >vash in the rag engine, a machine so 
constructed that the rags are circulated continuously 
between the knives of a revolving cylinder and other 
sharp knives fixed to the bottom of the engine. The 
rags are thus torn up into separate fibres, while nt 
the same time the dirty water is removed by a con- 
trivance known as a drum washer. The addition of 



bleach liquor to the pulp in the breaker or rag 
engine whitens the “ half stuff,” as the pulp in this 
condition is called ; but in many cases the bleaching 
is effected in a separate machine known as a potcher, 
similar in construction to the rag engine. After the 
complete removal of the bleach liquor residues b^ 
thorough washing, the ludf stuff is more com^etely 
torn up or beaten by continuous circulation between 
a fixed bed plate of knives bolted to the bottom of 
the beating engine and a rotating beater roll also 
provided with knives. HAND MADE PlPER ; The 
beaten pulp is now mixed with water in a largo deep 
wooden tank or vat. A mould (a wire cloth fastened 
to a wooden frame), fitted with a deckle or movable 
frame forming a raised edge to the wu*o cloth, in 
dipped into the vat, and a quantity of diluted pulp 
lifted out. I5y a gentle lateral motion imxiarted to 
the mould the fibres are caused to interlace or felt 
together while the water drains through the wire, 
leaving a wet sheet of paper on the wire cloth. I’he 
deckle is removed, and the mould laid upside down 
on a piece of felt or woollen cloth. A slight pressure 
apjfiied to the mould causes the wet sheet to adhere 
to the felt, so that the mould can be removed, A 
second felt is placed over the wet sheet, and the 
next sheet formed laid upon it. In this way a pile 
or ])Ost, ns it is called, of about 144 sheets is ob- 
tained, and this is submitted to great pressure, to 
take out the excess water. The sheets are hung up 
to dry, and subsequently sized by immersion in a 
solution of gelatine, and then again dried. The 
paper when dry is glazed by pressure between 
polished plates oV by friction between polished rolls, 
wdiich impait a finished surface to the pa]i)er. 
Machine Made 3*apeb ; In 1799 Louis Robert, a 
Frenchman, devised a means for making a long sheet 
of pajKT on an endless wire cloth. The idea was 
improved by Fonrdrinier, and in 1804 the machine 
became a practical success. Since this date nume- 
rous additions and improvements have been made, 
.so that it is now possible to make the cheaper quali- 
ties <»f paper 144 in. wide at a speed of over 400 ft. 
a minute. The pulp, after treatment in the beating 
engine, is discharged into stiff chests (corresponding 
to the vats used in making jjapor by Lund), and then 
pumped, mixed with a due proportion of water, along 
sand traps, whi(^h Ber\e to take out mechanical 
impuritie.s and dirt. It is then screened through 
brass plates provided with fine slits or cuts, and 
allowed to flow over a flexible rubber cloth or apron 
on to the endless wire. By means of a continuoua 
shaking motion the wet pulp felts into a web oi* 
sheet of paper, the excess of water falling through 
the wire. Further moisture is removed by suction or 
vacuum boxes and by the couch roll, the latter also 
causing the fibres to felt together more completely. 
The wet web then passes through press rolls to 
ensure perfect felting and even thickness, and the 
paper is dried by passing over hollow cylinders 
heated internally by steam. It is then formed into 
large reels. The paper, now in the form of a k?c], is 
passed through a trough containing animal size or 
gelatine, and led over a large number of skeleton 
drums, and slowly dried by warm air. A glazed or 
shiny surface is imparted to the paper, by means of 
jK)lished rollers, on another machine called a calender. 
Otheb Raw Fibres: The removal of excise duty 
from paper in 1869 soon created a larger demand for 
paper, and eventually raw materials other than rags 
had to be found. Those principally used are : (1) 
Htbaw and Esparto, each containing about 45 to 
60 per cent, of fibrous material suitable for paper- 
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making. The remainder, consisting of resinous and 
siliceous matter, is dissolved out in the preparatory 
treatment. Straw is used largely for cheap papers 
and box boards. Esparto ik used chiefly in book and 
magazine papers. (2) JUTE and Manilla, used for 
the manufacture of wrappers and strong envelope 
papftrs. (3) Wood Pulp, used for all varieties of paper. 
For aetkils of manufacture see Wood I‘ulp. The 
pulp, prepared by the chemical process, is suitable 
for high class papers. A pulp prepared from wood 
by a mechanical process is only employed for the 
manufacture of cheap printings and news. The pre* 
paratory treatment oi the wood involves processes of 
boiling, breaking, and bleaching similar to those used 
for rags, although differing in degree. Methods op 
Treatino the Cheaper Raw Materials; By 
blending two or more pulps a great variety of cheaper 
papers is obtained. Writing papers can be made 
from rags and chemical wood pulp; magazine and 
book papers from esparto and chemical vrood, cheap 
prhitings and news from chemical and mechanical 
wood. The pulps, suitably blended and beaten, are 
,dn the cheaper grades of paper, sized by adding resin 
size to the pulp in the engine, and not by the use of 
expensive gelatine. The resin size is made by boiling 
re^in in carbonate of soda. The size is a*lded to the 
pulp, and then the further addition of alum precipi- 
tates the resin on the fibres and renders the pulp 
partially waterproof. Certain mineral substances, 
such as China clay, terra alba, etc., are added to the 
pulp to give weiglit and to improve the appearance 
of the paper. Tlie final glazing or surfacing of papers 
of this class is not always effected on a sepamte 
machine. The paper machine is provided with suit- 
able calenders or ^fiished rolls, and the paper glazed 
as it leaves the drying cylinders. In other respects 
the manufacture of the cheaper qualities resembles 
the manufacture of tl»e better machine made grades. 
Varieties of Paper: A complete list would fill 
one or two columns. Coloured J*APERSare obt-ained 
by adding aniline dyes to the pulp in the beater. 
Waterproof Paper, such as the Willesden paper, 
is prepared by passing ordinary paper through a 
bath of cupro ammonium, which acts on the surface 
of the paper, partially dissolving it. This on drying 
forms a glazed coating impervious to whaler. Imita- 
tion Parchment is ordinary paper passed through 
a bath of sulphuric acid, which has the peculiar 
effect of toughening the fibres. The acid is washed 
outrand the pa]>cr dried in the usual way. Tracing 
Paper is (irdinary unsized paper coated on one side 
with a varnish of Canada balsam and turpentine. 
Oiled Paper for copying books is prepared by 
brushing over ordinary paper w ith boiled linseed oil. 
Art 1*apers used for lithograpliic printing are made 
from wood and esparto, coated, after being made, 
with a mixture of China clay or barytes and glue. 
DUPLBX Papers are coated on each side with a 
different coloured mixture. Historical Points : ITie 
following tp-ble is a summary of the more interesting 
dates in connection writh the industry (the early ones 


being only approximate) : 

Palm leaves in use before . , B.c. 2000 

Bark of trees employed about . . .. 2000 

Papyrus used as early as . ... 2400 

Parchment and skins in use about . „ 200 

Bice and bamboo used in China about a.d. 200 
Bags known in China before . „ 700 

Bags brought to Europe by the IMoors „ 1000 
Cotton paper known in England about „ 1300 

First mill in England built by Tate . „ 1498 

Sx>ielman*s mill at Hartford erected . „ 1688 


Whatman’s mill erected at Maidstone a.d. 1760 
Pa{>er making machine invented . „ 1799 

Excise duty on paper removed . . „ 1860 

Straw used for making paper • . „ 1851 

Esparto introduced by Boutlodge . „ 1852 

Wood pulp, the staple fibre of cheap pa|ier „ 1866 
The improvements since 1866 are of a mechanical 
nature, chiefiy relating to speed, output, economy, 
and other minor details. Modern Biblioobapht : 
Papermaking (Cross & Bevan), Practical Paper- 
making (Clappcrton), Manufacture of Paper (Davis), 
Chemistry of Paper (Little). — B. W. S. 

Paper Cable {Elect, Eng.') A cable in which 
paper is used as a part of the insulating material. 

Paper Condenser (Elect.) A condenser formed of 
sheets of tinfoil Bei>arated by sheets of paraffined 
paper. 

Paperhanging (Dec.) The art of affixing paper 
and other wall coverings to the surface of walls, 
ceilings, etc., for the purpose of decoration. The 
work of ;a paperhangcr now includes hanging {i,e, 
affixing) with an agglutinant, plain and printed 
paper ; ijresscd or moulded materials having a design 
in relief, such as Anaglypta, Cordelova, Lincrusta 
Walton, Cameqid, etc.; canvas hangings, such sis 
Fabrikona; silk mounted on a paper backing, and 
other materials. The following are the chief varieties 
of paperhangings in common use: — “ PULPS,” some- 
times called Blanks,” which are the commonest 
description of wallpaper made, and have the pattern 
printed directly on the plain paper. This may bo 
either white or brown, and provides one of the 
colours wliicb form the pattern. “ Machines ” are 
papers printed by machines, and comprise a very 
lai^e variety. In this class of paperhanging the 
I>aper is usually first grounded, that is, coloured with 
distemper colour applied by revolving brushes. The 
various colours comprising the pattern are then 
printed by a series of rollers, iwhich are frequently 
all contained on a single machine, so that the, 
grounded paper enters the machine at one pointy 
passes over the various rollers, and emerges from 
the other end completely printed, if necessary in as 
many as a dozen or more colours. It is then taken 
up automatically in loops or festoons, and carried 
slow ly along the drying room, heated by steam pipes, 
BO that tlie pattern is quite dry by the time the paper 
reaches the farther end. Here the long lengths are 
cut up into rolls and are ready for shipment. 
“Gold” or “Metal” Papers are those in which 
bronze or imitation gold leaf occurs, but their use 
has now declined. “Grounds,” sometimes called 
li XiNTS ” are plain tinted papers without pattern. 
They are used for plain friezes, ceilings, and for lining 
cupboards, etc., and are made in a large variety of 
light and deep colourings. “ Micas are pa^rs 
grounded in a composition of which mica, talc, and 
other similar substances form part, the object being 
to give an iridescent surface. “ Satins ” is a term 
applied to glazed papers having a smooth polished 
surface, produced by polishing wdth French chalk. 
These papers are usually printed in delicate patterns, . 
and are largely used for drawing rooms, bedrooms, 
ladies’ boudoirs, etc. Flock Papers have a raised 
pattern formed by finely shredded wool dusted on an 
adhesive material in which the pattern is printed. 
Sometimes silk shreds are used instead of wool ; the 
paper is then called a “ silk flock.” “ SanitabisS 
is a term applied to those papers which are printed 
in oil colours, in contradisliuction to distemper. 

32 
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The best qualities permit of the surface beings washed 
with soap and water. “ iNGitAiNS ” are now largely 
used. They are made by adding colouring matter to 
the paper pulp, and when closely examined will be 
found to consist of small hairlike portions more 
strongly colbured than the remainder. They are used 
quite plain in various colours, and form an excellent 
background for pictures. They are also made printed 
in various i»ttems, usually of a simple character. 
Hand stencil friezes are now largely used with 
ingrains. The objection to all ingrained papers is 
that, being coloured by dyes, they do not hold their 
tints well. They are of an absorbent nature, and 
require considerable care and skill in hanging. 
Those having a white backing arc the best, ns they 
prevent the paste, when applied, soaking through. 
A piece of English made paper measures 12 yds. 
long and is 21 in. wide when trimmed, i.e. when 
the marginal selvedge is removed, thus giving 
an area of 83 sq. ft, or 7 sq. yds. Hence the 
number of pieces required for any particuhar room 
is quickly calculated by ascertaining tlic tot;»l super- 
ficial area of the walls, although the exact quantity 
depends largely upon the size of the pattern, large 
patterns cutting to waste. French, German, and 
American papers arc now used to a considerable 
extent at home, and are sometimes made in English 
lengths and widths. French papers, if not specially 
produced for the English market, aixj 9 yds. long 
and 18 in. wide, and the United Stales papers 
are the same width and 8 yds. in len^rih. 

The first operation of a paperhanger is to trim the 
paper. This is often done by means of shears, the 
roll of paper being held in the left hand nnd re-rolled 
as the edge is taken ofi with the slu'arh held in 
the right. Various machines and appliances foe 
trimming paper are more or less used, the most 
successful being one in which the paper is hedd on 
a rod and rapidly re-wound on to another rod by a 
simple system of bands, tho edge being removed by 
two sliarp discs held just in the proper place. By 
means of one of these machines a piece of paper 
may be trimmed in a few seconds. Another succe.ss- 
ful appliance for the pur^iose is used alter the paper 
is pasted. It consists of a metal straight edge 
having a groove in which runs a small appliance 
containing a sharp edged revolving wheel. The 
paper having been pasted, it is folded toward the 
centre, the pasted surface inward ; it is then jdaced 
against the straight edge, and is trimmed through 
the two thicknesses by a single stroke of the handle. 
The first x>i' 0 ccss in hanging pa]Xir is to remove the 
old paper, if there be any. Tlii.'< is wetted and 
scraped oil, and the plastered surface of the wall is 
then repaired, where necessary, by means of jdaster 
of Paris. In the cheaper class of proj)erty it is a 
common practice to paper a room without removing 
the old paper, so that in course of time there may 
be as many as a dozen different papers on the wall. 
This is a very dirty and unsanitary ])ractice, and is 
forbidden in some cities by the local laws. In 
banging paper, the .safest plan to follow is to strike 
av^ical line by means of a plumlwb, a.s, if the 
door or window frame should not be quite perpen- 
dicular, it would lead to considerable trouble later, 
Bometimes the joints of the paper ai-e lapjxid, that 
is, only one of the selvedge edges is removed. This 
mars the appearance of the wall, and in all the 
best work both edges arc trimmed, giving what is 
known as a ** butt joint.’’ The paste used is made 
of wheat flour mixed with boiling water into a stiff 
batter and stirred free from lumps. A small quan- 


tity of powdered alum is usually added to stiffen 
tho paste and prevent it turning sour. Borax, 
copperas, or carbolic acid may be used for the 
same purpose. Formaldehyde is an excellent pre- 
servative of paste, and does not discolour the paper 
as alum is apt to do. The pasted paper is pressed 
to the wall by means of a clean cloth, but a much 
quicker way is to use a paperhangeFs brush, which 
has long flexible hairs, and by means of which 
the paper may be flxed in position with a single 
sweep of the arm. In high class work rollers of 
various forms are used to press down the paper at 
tbe joints. The various relief materials are as a rule 
fixed in i>oBition by means of x^aste, to which a little 
glue has been added. A good deal of judgment is 
required as to the length of time these materials 
should remain soaking after the x^^tc has been 
applied, as, if too much time be given, there is danger 
of the relief being lost. The old fashioned white- 
washed ceilings are rapidly giving place to pax)ered 
ceilings, 6X)ecial pax^erhangings being made for the 
purpose, mostly in a very light x> 2 kttem and of 
geometrical design. In other cases relief ceiling 
decorations are used with excellent effect, although 
the objection urged against them is that they 
masquerade as plaster. The chief objection urged 
against all decoration done in portable material, 
such as wallpaxw, etc., is that they show at a 
glance that they are not designed specially for the 
position they occup 5 ^ To remove this difficulty 
various expedients have been tried during recent 
years, among them being one invented by Mr. 
Walter Crane, in which the joints, instead of being 
vertical, were zigztig or irregular, following the 
Xmt terns in such a manner that they could hardly be 
seen at all when the paper was bung. Quite a recent 
production in England, although known in tho 
Unitijd StatcN for many years*, is the “Crown” 
frieze. It consists of a frieze design printed in 
continuation iind forming part of the pattern be- 
neath. In tliis case there are usually three lengths 
to each roll of i)ai>er, and these lengths are suffi- 
ciently long ti> be suitable for even a very high room, 
the lower ]jorlionsof course being cut to wa^to in the 
case of lower apart iuent.s. Another expedient of the 
same character was brought out in the year 1904 for 
the first time, and consists of a frieze printed in such 
a way that the lower jx)rtion is intended to be cut 
away close to tlie jiattern, so that the horizontal line 
seen in most friezes is absent. — A. S, J, 

Paper Joint {Paitfim Malting). A pattern is often 
built up of a number of small jiieoes, arranged for 
convenience of working on a flat surface. To facilitate 
the rerafwal of the finished [pattern, a sheet of pajjer 
is first glued to this surface, and the various segments 
or x>arts of the pattern are glued on to the papuT. 
When complete, the whole i)attern is readily detached 
from the surface by sjAitting the sheet of iiaper. 

Paper Mulberry (Botany). A Jax^ancse tree 
Brovmmeiia papurifora (order, Moracca) whose 
inner bark is used in paper making. 

Paper Negatiyee (Photo.) Negatives taken on a 
thin and fine grained paper, which is coated with a 
sensitive film ; for printing the paper is rendered 
transparent by treatment with oil or wax. 8oe also 
Stbipping Film. 

Paper Scale (Bng.) Various scales printed on 
paper are used by draughtsmen; they are cheap and 
convenient for many purx) 08 os, though not durable. 
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Paper Shalei ( Qeol,) Very thinly laminated rock 
of argillaceous composition, in which the layers 
remind one of the leaves of a book. The strnccore 
is due to the slow and intermittent deposition of very 
fine mad at the bottom of water rarely or never 
affected by currents. 

Paper Tarnish The varnish used on paper 

varies in composition according to the quality of 
work, a mastic varnish being considered best when 
its high price is not prohibitive. Bookbinders use a 
colourless varnish made by dissolving three parts of 
mastic in twenty parts of absolute alcohol and adding 
one part of bleached shellac. Ordinary pa{^r varnish 
is m^e from Australian sandarach and Venice turpen- 
tine in the proportion of five of the former to three 
of the latter by weight, dissolved in methylated 
spirits. A cheaper grade is made by substituting 
Burgundy pitch for the Venice turi)entinc. 

Papier Haohe. A material manufactured from 
paper pulp mixed with other substances, size. 
The pulp is moulded into various utensils and fancy 
articles, which are then dried and japanned, 
aUo Stebeotypb. 

Pappus {Botany), An appendage in the form of 
a ring of hairs or scales round the top of a fruit. 

Papyrus. A substance made from the stem of the 
papyrus plant, and used by ancient nations, more 
especially by the Egyptians, as a writing material. 
The name is applied to an ancient manuscript on 
papyrus. 

{Architect,) The plant was used in the 

mud and reed construction of the early Egyptians. 
In later Egyiitian architecture convejitional repre- 
sentations of it are very common. 

Para-Amido-Phenol {Photo,) A concentrated 
solution of this, containing sodium sulphite and a 
caustic alkali, is sold under the name of Rodinal.’* 
Images developed w’ith it appear quickly, but gain 
density slowly. 

OC-NH 

Parabanic Acid | >CO. 

OC-NH 

Also called Oxalylurea. A white crystalline 
solid; decomposes on heating; soluble in water 
and in alcohol; behaves like a dibasic acid; its 
alkaline salts are easily hydrolysed to oxaluric acid, 
HgJ^CONIICOCOOH. It is obtained by the action 
of nitric acid on uric acid or bromine and water on 
uric acid ; afid synthetically by the action of 
phosphorus oxychloride on a mixture of urea and 
oxalic acid. 

Parabola* The plane curve produced if a cone be 
out by a i>lanc parallel to the slant side of the cone. 
It may also be defined as the x>lane curve described 
by a point which moves in such a manner that its 
distance from a fixed point, the Focus, is always 
equal to its distance from a fixed straight line, termed 
the Directrix. 

Parabolic Girder {Bny,) A girder whose profile 
is foitued by an arc of a parabola on one edge and a 
chord of the parabola on the other. This form is of 
uniform strength, i.e, the maximum stress is the 
same at every section of the girder. 

Parabolic Governor {Bny,) A governor {q.v.) 
with crosseil arms. The path of the bails is approxi- 
mately a parabola as they fly out from the axis. This 
form gives a very sensitive governor. See Governors. 

Parabolic Mirror {JUght), A mirror whose princi- 
pal cross section is an arc of a parabola. Light 


diveiging from a point coinciding with the geometri- 
cal focus of the curve forms a pencil of parallel rays 
after reflection from the surface of the niirror. 

Para Compounds ( Ckem,) The prefix para is us^ 
in two ways in chemistry. First, it is used to denote 
a substance which is a polymer of another substance* 
Examples : Paracyanogen and para-aldehyde, which 
are polymers of cyanogen and aldehyde respectively : 

CjNj Cyanogen. (CgNj)^ Paracyanogen. 

CjH^O Aldehyde. .(CjH^O), Para-aldehyde. 

Second, it is used to denote any two diametrically 
opposite carbon atoms in the benzene ring, and 
occasionally any two diametrically opposite carbon 
or other atoms in heterocyclic six membered rings, 
Examples : 

OH CH 

BrC/ VOBr Paradibrombenzene. 


CH CH 
CH CH 


H.,NC 


Uli CH 




Paraphenylenediamine. 



Paraoxazine Bing. 


C C 



Parathiazine Bing. 


Paraffins. Hydrocarbons of the general 

formula CnH 2 n + 2 - Examples : 

Methane, CH. .... Boils at - 160® 

Ethane, CH,.CH 3 - 93® 

Propane, CH 3 . CHj.CH, . . , - 38® 

J Butane, CH, . CH„ . CH.CH, + 1® 

jlsobntane, (CH.XCH.CH, . . - ir 

Pentane, CH,.c 5 H-.CH..CH..CH 3 , „ + 36® 

Isopentane, (CH 3 ),CliCH, . CH, , „ + 28® 

Tetramethylmethane, C(CH 3 \ . , „ + 10^ 

From the 16 carbon atom member upwards they are 
solids at the ordinary temperature; the highest 
member yet prepared contains 60 carbon atoms, and 
melts at 102°. It will be noticed that isomerism 
begins at the fourth member; the number of isomers 
rapidly increases with the number of carbon atoms. 
See Isomerism. The boiling points of the Isomers are 
always lower than that of the unbranched chain. 
The isomers are named in several ways : ( 1 ) They 
may be named as derivatives of methane or ethane. 
(2) They may be named according to the mode of 
union of the carbon atoms. Where no carbon atom 
i.s united to more than two others wo have tlie un- 
branched chain compound, or normal paraffin, or 
primary linking. When one or more carbon atoms 
are linked to three others we have the isoparaffins 
or secondary linking. When one or more carbon 
atoms are linked to four others we the tertiary 
linking or neoi)araffins. (3) They may /be named 
according to tlie Geneva system. &}e N OMBNCLATUBE. 
The paraffins as a class" are distinguished by their 
great stability towards regents ; they bum in ait or 
oxygen, and form substitution products with the 
halogens, and some of the higher members are 
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oxidised and nitrated directly by nitric acid. 8ee 
Nitration. The branched chain members are more 
readily attacked than the normal members. They 
are obtained by a variety of reactions, only a few of 
which can be given: (1) Heating the sodium salt 
of a fatty acid with soda lime. (2) The alkyl 
iodides may be reduced by the zinc copper couple. 
(3) Heating alkyl iodides with sodium, finely divided 
silver or copper. (4) Electrolysis of the potassium 
salt of a fatty acid. (6) Heating a fatty acid with 
hydriodic acid and red phosphorus. The paraflSns 
occur natui-ally in a variety of ways ; but the chief 
source is the natural or rock oil found in various parts 
of the world— America, Kussia (Crimea and Baku), 
Galicia, and many other plac*es ; they also occur in 
the tar from the distillation of bituminous shale. 
See also Methane, Pentane. The lower boiling 
liquid mixtures are used for burning and for solvent 
purposes. See Flashing Point. The semi-solids 
are called Vaselines — used as lubricants and salves. 
The solids are called Paraffin Wax, and are used in 
candlemaking. Sec also Petroleum. 

Paragon iTyfWff.') Type of a size between great 
primer and double pica. St^e Type. 

Paraguay Tea {Botany). See Ilex. 

Paraldehyde (Chem.) See Acetaldehyde. 

Paraleucaniline {(Item.) The leuco-compound 
(j'.r.) of I’ARAHOS aniline {q.v.) 

Parallax. The apparent alteration of position of 
an object, relative to other objects, when viewed 
from different points. 

— (Agpron.) The angle between tw^o lines 
drawn from a heavenly body to tw'o places from 
which it can be observed. Parallax is greate.st for 
bodies nearest to the earth, least for the more distant 
ones, such as the fixed stars. 

— ■ (Phys.) An apparent displacement of an 
object due to its being viewed obliquely; e.y, the 
needle of a galvanometer, etc., will appear to be 
displaced relatively to the marks on the scale fixed 
behind it if the observer’s eye be not immediately in 
front of (or over) the needle. 

, Annnal (Astron,) The angular displace- 
ment of a fixed star when viewed from different 
parts of the earth's orbit (?.<?. at different times of 
tlie year). A fixed star is so distant that its direction 
appears the same when viewed from any part, of the 
earth, i.e, it has no Geocentric Parallax ; but a small 
displacement can be observed from opposite sides of 
the earth’s orbit ; then taking the diameter of the 
orbit as a base line and accurately measuring the 
angles which the apparent directions of a star make 
with this line at its two ends, the distance of a star 
can be calculated. The Annual Parallax of fixed 
stars is very small, rarely much more than 1 or 2 
seconds. 

Parallax Error (Phys.^ etc.) An error in reading 
the indications of an instrument, due to J^aballax 

(jq.v.) 

Parallel. Two lines are said to be parallel if they 
lie in the same plane, but will never meet, however 
far they may Iks produced. Curves and surfaces are 
parallel when they are equidistant from each other 
at every point. 

— {Elect.) Two or more conductors are said to 
bo in Parallel, Parallel Arc, or in Multiple 
Circuit when one end of each of them is electrically 
connected to one conductor by which the current 


enters them all, the other ends being similarly con- 
nected to a conductor by which the current leaves 
them all. If r„ r,, etc., be the resistance of the 
separate conductors, then their combined resistance 
R is given by the equation 


Parallelepiped. A solid bounded by six planes, 
opposite planes being parallel to each other. 

Parallel Gutter {Build.) See Box Gutter. 

Parallel Motiou {Buy.) A form of link wrork used 
in beam engines to guide the head of the piston rod 
in a straight line. 

Parallelogram. A four sided plane figure whose 
opix>siie sides arc parallel. 

Parallelogram of Forces, Velocities, etc. If two 

forces, velocities, or other Vector QUANTITIES (^.v.) 
be represented in magnitude and direction by two 
adjacent sides of a parallelogram, their Resultant 
is represented in magnitude and direction by the 
diagonal of the i>arallelograro. Thus if two forces be 
repre.sentod by the sides AB and AD of a parallelo- 
gram ABf’D, the resultant is represented by the 
cliagonal AC. 

Parallel Print {Foundry). A Core Print (j'.r.) 
rnude without any Taper {q.v.) This is the case 
with prints which are to be withdrawn sideways from 
the mould. 

Parallel Ruler or Rule. A mechanical device 
used for drawing a number of lines parallel to each 
otlicr. Its commonest form consists of two flat 
rulers, joined by two metal links of equal length, so 
that the fotir member.s form the sides of a parallelo- 
gram ; thus the two rulers always remain parallel to 
each other. 

Parallel Btripi {Carjf., etc.) Winding Strips 

{q.v.) 

Parallel Vice {Eng.) A vice whose jaws alw-ays 
remain parallel, however far they are opened. 

Paramagnetic Substance (vr Body {Eled.) A 
substance w'hich w'hcu placed in a magnetic field 
tends to move from the weaker to the stronger part 
of the field, c.g. iron, steel, nickel, and cobalt. Such 
substances have a Permeability {g.v.) which is 
greater than unity. 

Parameters {^^n.) The parameters of any 
crystal i)lane are numbers wliich represent the 
relation of the intercepts of that plane to the inter- 
cepts of the unit plane. Thus if the lengths of the 
intercepts of the unit plane on the axes ahe were 

1, 2, the axial relation of the crystal would be 
expressed = *6:1:2; and if the actual 

lengths of some other crystal plane were 1, 1, 1, 
then the parameters of the second plane would be 
4, or 2, 1, or 4,2,1, being expressed in the 
pro[>ortional whole numbers, S*fe INTERCEPTS. 

Paranitraniline Red. Se^ Dyes and Dyeing. 

Parapet {Architect.) A low wall constructed for 
the purpose of protet^tion at the lower part of a 
roof, or at the sides of bridges, etc. See Battle- 
ment. 

Parapet Gutter {Build.) ’ A gutter constructed 
behind a parapet wall. 
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PavaroBaniline iChem,) 
/CeH.NH, 
Hc4-CeH,KH, 


'\s:s:ra: 


ho.c4-c,h,nh, 

\C.H,Nn, 


Colour Bose of Fararonniline. 
Paratiiaiuidotriphenyl 
Carbiuol. 


Faraleucaniline. 

Leuoo<coiDpoand of 
FararoaaDilioe. 

Paratriamidotrlphenyl Mathane. 

K§H:fKil,Cl 

Fararosanillne Hjdriicbloride, 

GommozUy called Facaroeaniliue. 

rararoBaniline itself would be C^-CgH.NH, , and 

is unknown. Its hydrochloride is a dark coloured 
crystalline solid with lustrous green reflex ; sparingly 
soluble in cold water, more soluble in hot water; 
soluble in alcohol. Its solutions are red ; it is a red 
dye ; with exet^as of strong acids it forms yellow 
solutions. It is obtaiiicil by tlie action of hydro- 
chloric acid on the colour base. Tlic latter is obtained 
in several wrays : one of the most important is as 
follows : A mixture of aniline, |)aratolui(linc, nitro- 
benzene, iron filings, and hydrochloric acid is heated 
to about 180" ; the iron and acid form ferrous chloride, 
which is oxidised to ferric chloride by the nitro- 
benzene ; the toluidine is probably oxhiised by the 
ferric chloride to paramidol)enzaldehyde, wdiich con- 
denses with two molecules of aniline to form paraleu- 
cauiline, which is further oxidised to the colour 
base of pararosaniline, and the latter forms with 
hydrochloric acid the dye pararosaniline hydro- 
chloride. The colour base can be synthesised from 
tripbenylmethane by direct nitration with nitric acid, 
reduction i>f the trinit ro-coinpound with acetic acid 
and zinc, and preeijutation with ammonia, when 
the leuco-comiK>und is formed ; thi^ on oxidation 
easily yiehls the colour base. When the colour base 
is diazotised w'ith sodium nitrate and sulphuric acid 
it yields a tridiazo sulphate, which on treatment wdth 

OH . ('<^0^1. 

On boiling with hydrochloric acid it yields para- 
/Cell^NII, 

diamidobenzophenone, CO^ 

\CJT5NH, 

with concentrated hydrioclic acid at 
it yields aniline and paratoluidine. 
of important dyes are derived from pararosaniline 
by intrcxlucing alkyl and other groups in place 
of some or all of the hydrogen atoms of the amido 
groups. Examples: Methyl is the hydro- 

chloride of a mixture of peuta and hexamethyl 
pararosaniline. Crystal violet is the hydrochloride 
of hexamethylpararosaniline. Mrthyl green is methyl 
hexameihylpararosaniline chloride ; its salts decom- 
pose at about 120^, losing metliyl chloride and 
forming crystal violet. 

Para Rubber. See Caoutchouc and Hubbeb. 

ParaaelensB (^Meteoroh') See IIalos. 

Parasite. An organism which derives its nutri- 
ment from other living organisms. Many plants are 
more or less parasitic in habit, e.g. the Dodder and 
Mistletoe. Cf, Commtt.nsal. 

Parasites (Fi>ode). The chief parasites of animals 
whose flesh is used for food are the : (1) Teenia 


alcohol gi\'cs triphenylcarbinol, 


On heating 

180"— 200°, 
A number 


soliumt causing the disease known as ** measly port,** 
(2) 2'ania m^ioeaneUatay which occurs in the flesh 
of cattle. (3) Tania echinoooocus^ which infects 
cattle, swine, and man, through the medium of water 
or raw vegetables. (4) Cysticercus celluloea, the 
cystic form of Tania aoUum, (6) Cystieerem ooviSt 
the cystic form of Tania mediocanellaia, (6) (heti- 
oenna tennicollU, chiefly infecting sheep. (9) VyetV' 
oercus JUiformUt found principally in the peritoneal 
cavities of Lares and rabbits. (10) JHstonia hepa- 
tiemut the liver fluke of sheep. (11) Trichina 
egiraliSy producing the disease knowm as trichinosis 
(12) Psoroepermia ovi/ormu, found in the livers of 
rabbits, and more rarely in the intestines of cattle 
and sheep, causing the diseases known as coccidiosis 
or psorospermosis. (13) Canurus oerehraliSt found 
in the brains of sheep. (14) Strongyli rufeecens^ 

; found in the lungs of sheep. 

! Parastata (^Architect.') A pilaster or anta. 

! Parchment. The skin of a sheep, goat, or young 
i calf, specially prepared and used for writing, printing, 

I painting, and taking proofs of engravings, etc. 

Artificial. Another name for Parchment 

I Paper. See Cellulose. 

! Parchmentising. The conversion of cellulose 
fibre (cotton wool, paper, etc.) into a substance 
termed Artificial Parchment. See Cellulose. 

Parchment Paper. See Cellulose and Paper 
I Manufacture. 

j Parclose or Perclose {Architect.) (1) A closet. 

I (2) A screen or railing separating a chapel or tomb 
j from the body of a church. (3) A gallery front. 

! Pardoe Machine {Print.) A rotary printing 
i machine invented by Pardoe & Davis. 

; Pargasite {Min.) A variety of Hornblende 
I a- greenish colour from Pargas in Finland. 

Also called Noble Hornblende. 

Parge, Parget (.&7a/<^.) (1) Plaster made of lime 
and cow dung, used for lining the flues of chimneys. 
(2) Plaster spread upon a wall or ceiling. (3) A 
plastered surface with ornamental designs in relief 
or indented. This last is also known as I^argeting. 

Parhelia {Meteorol.) See Halos. 

Parian Cement. Is composed of a plaster base, 
j the gypsum oeing mixed with powdered borax. The 
mixture is calcined and subsequently ground. See 
also Cements, 

Parian Marble. See Marble (Statuary). 

Paring {Leather). The paring dow n of leather to 
make it thin and suitable for bookbinding, etc. 

or Scribing Oouge {Carp., etc.) A gouge 

having the bevel on the Inner or concave side of the 
blade. 

Paring Chisel {Carp, and Join.) A long and thin 
bevelled edge chisel. Tt is used by the ja-essure of 
the band alone, and never struck wdth a mallet. 

Paring Machine {Chew. E^ig.) A special cutter 
for trimming the edges of the oil cakes (which are 
naturally still oily) after the cakes leave the hy- 
draulic press. The parings are re-ground and put 
into the kettle ” to be treated with hresh seed. Sec 
Oils. 

Paris Green {Pec.) A name used in the United 
States for emerald green {q.v.) It is now 
used as an insecticide, particularly for destroying the 
“potato bug” or Colorado beetle. See EMRSLALD 
1 Green. 
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Papkes’ Proce®! SeolJ^i>, 

Paplando (MuHe.') In a speaking manner. A 
somewhat similar direction to cantaiido or eantahile 
{q,t\)t but more like a recitative. 

Paplantes {Mer,) See Abmes Pablantes. 

Parquet Floor {Carp, and Join.') A floor com- 
posed of thin layers of diflerent woods, usually J to 
1 in. thick, formed into a pattern. See aho Pateet 
Pabquet. 

Parsons* Steam Turbine {Ung.) See Steam 

XUBBllirE. 

Part {Architect.) See MODULE. 

{Miutie). (1) A voice or instrument, as the 

tenor part, the violin part. (2) A portion of a 
composition. 

Parthenon {Architect.) The name by which the 
temple of the Goddess Athena rarthenos on the 
Acropolis at Athens is generally known. It w'as con- 
structed during the Periclean period (460—400 B.c.) 
from the designs of Ictinus and Callicrates. The 
Parthenon is an octastylc peripteral building, having 
seventeen columns on each Hank. The top of the stylo- 
bate measures about 101 ft. by 228 ft., and the columns 
are about 34-2 ft. in height. The cella {q.v.) is 
amphiprostyle, and is divided into two parts: the 
naos, entered from the east, and containing the 
statue of the goddess by Phidias ; and the opistho- 
domus, which is separated from the naos and cntcre<l 
from the west. This building is without doubt the 
finest example of Greek Doric, and is, in fact, 
generally admitted to be the ma.sterpiece of Greek 
arcbitecture. See Abchitecture. Obdebs of ; 
Gbeek Auchitectube ; and Eloik Marbles. 

Partial (Sound, Music). The higher tones which 
are j»resent in a composite tone. See also Har- 
monics and OVEBTOXES. 

Partial Earth {Meet. Miq.) A fault in a tole- 
grajdi line or other coudnetor* consisting of a partial 
connection with the earth. 

Partial Eclipse (Astron.) This occurs when the 
moon <loes not exactly eclipse the sun, in the case of 
a .solar eclipse ; and when the moon does not com- 
pletely enter the earth’s shadow, in the case of a 
lunar eclipse. 

Partially Polarised Light. An admixture of 
polarised and unpolarisect light. 

Parting {Foundry). (1) The joint between the 
masses uT .sand in two boxes in which a mould is 
made. (2) The formation of this joint. (.S) The sepa- 
ration of the different boxes containing a mould, in 
order to withdraw the jjattern. 

Parting Bead {Carp, and Join.) The bead let into 
the pulley styles to separate the top and bottom 
sashes in a cased frame. 

Parting Flaik (Met.) A flask with a small body 
and long narrow neck, a.sed for dissolving metals in 
assaying. 

Parting Line {Foundry). A line (sometimes 
marked on a pattern) where the surface of the sand 
in each half of the mould is to come. 

^Partidg Piece {Carp, and Join.) The thin slip 
that prevents the weights rubbing against each other 
in thl& hexing of a cased frame. 


Pitting Ring {Foundry). A large ring of iron 
carrying the upper part of a loam mould. By means 
of the ring the upper part of the mould can be lifted 
just as the top part of an ordinary moulding box is 
lifted. 

Parting Sand {Foundry). Dry, non-adhesive sand, 
spread over the surface of the sand where a parting 
occurs in a mould to prevent the upper and lower 
parts from adhering. 

Parting Tools {Miy., etc.) Narrow turning tools 
used only for cutting through a piece of work 
(whether wood or metal) in the lathe. 

I Partlzan or Partisan {Arme). A weapon some- 
I thing like a halbert in shape. It consisted of a broad 
i blade fitted on the end of a long staff and having two 
I ornamental projections, one on each side of the 
! blade near the base. Introduced into England in 
the reign of Edward 1V^ Subsequently borne by 
I bodyguards as a mark of dignity. 

Party or Parted (&i7r.) A shield divided down 
j the micUlle is parted per pale. Partition lines part - 
i ing the shield into ordinaries are thus described : 
j party per fesse, or per bend, or per saltire, etc. See 
. under Hekaldby. 

I Party Line {Meet. Eng.) A telephone wire con- 
' necting several subscribers or several stations, as 
j distinguished from a line which connects one sub- 
i scriber only with the exchange, See also Tele- 
I PHONE, 

j Party Wall {Build.) A wall separating two 
, tenements. 

ParYis or Parvise {Architect.) (1) The open 
space round cathedrals and churclics, probably from 
paradise (a garden). (2) A porch or entrance court 
to a church or other building. (3) A room over a 
church porch, such as that at 8. Wulfram s. Grantham, 
which contains a chained library. 

Passed for Press {Typog.) A proof with which 
the author i.s sati.sficd is, on being received by the 
printer, said to be pa.ssed for press, 

Passiflora {Botany). A genus of Passifioraceee 
(Passion flower family). Several species have edible 
fruits, such as the Granaailla, Sweet Calabash, and 
Water Melon, 

Passing ( Si Ik Manufac. ) See Enteri n a. 

Passing Notes (Music). Notes foreign to the 
harmony, but connecting twp harmony notes. With 
the exception given below, they always move by 
step in the sauw direction from one harmony note to 
another, and may be either diatonic — Example 1 {a) — 
or chromatic {h) ; but if a chromatic passing note is 
introduced, the Succeeding passing notes should be 
by step of a semitone till the harmony note is reached. 

notesmay be eitlier on the accented — Example 
1 (c )— or unaccented parts of the bar {a, h). 


Beethoven. 



.The exception to moving by step is, when the two 
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harmony notes are a third apart the first passing note 
may leap a third and return to the harmony note, e.g. 



This is somewhat similar to changing notes, which, 
however, move round the harmony notes, e.g. 



Chopin’s Pianoforte 6tude No. 2 (Op. 10) is full of 
chromatic i)assing notes and changing notes. 

PasBione, Con {Mutic). With passion. 

PaBsivo Iron {Chem.) See Iron. 

PaBBometer {Swreeying). An instrument recording 
the number of paces taken in walking. The PEDO- 
METER, which is capable of adjustment to the length 
of the step, will register the diitanee paced. 

Paste Vim. JCng.) A terra applied to the solid 
soap wliich separates from the Icyea after cutting 
It is also applied to all finished soaps which 
are to be converted into toilet soaps by diying, 
perfuming, milling and plodding {q.v.) 

{Dec.) Pa|)erhangcrs’ paste should be made 

from good wheat flour, the following being the 
method of mixing : Two pounds of flour are mixed 
with cold water into a stiff batter; all lumps are 
l)eaten out, and the mixture is further thinned with 
cold water and usually a little alum is added. Borax 
or forraaldehyde arc preferable, and alum must not 
be used if the paste is to be use«l on papers having 
delicate colours. Ui^on the cold batter boiling water 
is floured, the paste being stirred nipidly until it 
begins to swell and thicken and to lose some of its 
whiteness. It is tlien co<»ked, but may be further 
thinned to make it sprciid easily. It is be^t not u.sed 
until cold. When extra strong f»astc is required a 
solution of dextrine or Briti.sU gum should lie addetl. 
If it is to be used on pressed papeos it is usually found 
advisable to add instead a little glue. 

(Elect. Eng.') The active material oxide of 

lead) applied to the surface of the plates or grids in 
an Accumulator (j^.r.) 

(Potter g'). See Hard Paste ; Soft Paste ; 

and Pottery and 1‘orcblain. 

PaBtel. See Painting (Methods). 

PaBte PointB (Typog^ A small fiat piece of iron, 
with a pin or spur. It is used for securing register 
when printing on hand presse.-^. When the appliance 
is placed in position, the spur protrudes from tlie 
tympan and perforates the sheet when the first 
impression is made. 

PaBteur-Chamberland Filter (Jhjgiene). Consists 
of a metal or glass case containing a tube or ** bougie” 
of unglazed porous porcelain made of kaolin. It is 
capable of being fixed to an ordinary tap supplying 
water under pressure — not exceeding two atmu- 
spheres— which will force the water through the 
porcelain cylinders. The resulting filtrate is quite 
sterile; but it is necessary from time to time to 
remove the ** bougie” and thoroughly cleanse it. 


PaBtearUation. See Milk. 

PaBte WaBh (Bind.') Paste that has been diluted 
with water ; applied to leather bindings to fom a 
suitable surface for the subsequent application of 
gilt. Olaire (^.t;.) is applied over the paste wash 
when the latter is dry, 

PaBtoral (Jrt). The term applied to pictures 
after the style of Watteau and Boucher, i.e. in which 
conventional shepherds and shepherdesses figure. 

Paetoral Staff (Iter.) One of the insignia of a 
bishop and an abbot. They appear on some eccle-> 
slastical shields. See Crozibb. 

Pasty (Met.) Iron is said to be pasty when it is 
in a viscous condition. This state is made use of in 
forging, where wrought iron is dealt with ; but cast 
iron which passes through a pasty condition in 
melting or solidifying is inferior to that which 
becomes fluid at once. 

Pat (Gla$6 Mamifao.) A fiat slab of fireclay, 
placed on a level with the lower part of the mouth 
of the pot. Upon this slab the pig rests. See Pot, 
Arch, and. Ilo. 

Patchouli (Botany). The well known Hindu 
perfume is obtained by distillation of the leaves of 
the plant Pogo^temon patchouli (order, Labiatee)^ 
The plant, which is found in Penang, Malacca, and 
Sylhet, grows to a height of about 2 ft. 

Paten. A metal plate or dish, e.g. the plate on 
which the bread is placed in Communion. 

Patent Driere (Bee.) A paste preparation nsed 
for arid in g to paint to facilitate drying. There are 
many different formul®, of which the^ following is 
given by Hurst as an example ; 16 lb. of dried zinc 
sulphate, 4 lb. of lead acetate, 7 lb. of litharge grouncl 
with 8 lb. of boiled oil. To this mixture is added 
100 lb. of I’aris white, 50 lb. of white lead, and 
sufficient boiled oil to make the whole into a stiff 
paste. Paris white is abided in order that the mass 
shall not harden too rapidly. Much of the patent 
dryers sold possess very little drying qualities. It is 
important that tliese dryers .shall not alter the shade 
of paint witJi which they are mixed. Manganese 
salts, e.g. the borate, are also used. 

Patent Fuel, Briquettes (A%., etc.) Coal dust, 
etc., mixed with some resiriou.s or gummy substance 
to act as a binder, and compressed into blocks. 

Patent Glazing (Build.) There arc many kinds of 
patent glazing, but the principle is the same, i.e. 
there is no putty or other cementing raateriai used, 
the glass being free to expand or contract. Bendle's 
“ Invincible ” and Grover’s Simplex ” are well 
known examples. 

Patent Leather, See Enamelled Leather. 

Patent Parquet. Wood about or in. thick, of 
different colour.*, mounted on canvas by a secret 
process. At present it is only made in Milan. It 
has the advantage over ordinary parquetry in being 
portable, as it rolls up and cfin be laid like linoleum; 
while in appearance and wear it is equal to* and 
uudistinguishable from, the old solid laid parquet 
floor. It forms an ideal hygienic llcor covering. 

Patent Plate. See Glass Manufacture. 

Patera (Arehipol.) A shallow circular vessel 
somewhat like a saucer, used by the Greeks and 
Homans for holding the wine at sacrifices. 

(Architect.) A saucer shaped ornament. 



PAT 


504 


FSC 


Patetioo, Pathetiqae {Mmic), Patbetio. 

Patlv Mean Free {Phys.') See Mb an Fbbb Path. 
Pathogenic Bacteria. See Bacteria. 

Patina. The fine green, semi-transparent crust, 
consisting of basic copper carbonate, wliich appears 
on the surface of copper and bronze when exposed 
for a length of time to the air. The effect is 
obtained artificially by immersing copper articles in 
a bath of acetic acid or other weak acids. The best 
examples of patina are found on ancient bronzes 
containing much tin and very little zinc. (2) The 
mellow tone assumed by the varnish on an oil paint- 
ing after a lapse of j'ears ; the mellow at)pearanee of 
ancient marble statuaiy. (3) A shallow ba<on used 
by the Tlomans for domestic purposes. fY, Paten. 

Pattern (Fbundry). An ordinary pattern is a 
countcrpai-t in wood of tlie external form of an 
object, and is used to form a cavity or mould in 
sand, which when filled u ith fluid iron will produce 
a casting of the required shape. Internal cavities 
and passages, etc., are not formed on the pattern, 
but are formed by Cores (^.r.) moulded separately 
and inserted in the mould. A core is held in place 
by inserting its ends in suitable recesses in the 
mould. These recesses are produced by 2>rojfctions> 
on the pattern tei-med Core Prints. Tlius a cylindri- 
cal hole in a casting will be iudicated by two solid 
projections on the pattern. 

Pattevn Makers (Png.) The workmen who make 
the patterns from drawings furni.slied by the 
^**^^^btsmen. A pattern maker must possess in 
addition to his skill in wood working, an accurate 
knowledge of tlie processes of the foundry. The 
trade is totally di.stinct from carpentry and joinery. 

Pattern Shop (^Ethy.') The part of an engineerinir 
works where the patterns are (‘onstructed. It re- 
sembles an ordinary joiners’ shop in appearance and 
equipment. 

Pattinson’s Process St^e Lead, 

Pattinson’s White Aba^^c cidoride of lc,ad 

obtained by treating chloride of lead witli lime. Jt 
is white, of good body, but lacks uniformitv, and is 
now almost obsolete. 

Paul or Pawl {Eng., etc ) A catch or small 
hinged piece of metal which engages with the teeth 
of a Eatchet Wheel {q,v.) 

Paul Feed {Eng.) See Hatchet Wheel. 

Pause {Mueic), The sign . It denotc.s that the 
note or rest over which it is placed is to be prolonged 
according to the will of tlie performer {or c«mductor). 
If over a hardline a jiause shows that a stop is to be 
made before proceeding to The following pa,ssage. in 
contradistinction to attacca (q.v.) If placed over a 
double-bar when there has been a “ Da Capr^,” it 
signifies the end, and corresponds to the word “Fine.” 

Pavilion (Architect.) (1) An isolated edifice 
such as a small house. (2) A hall of audience in an 
Eastern palace. (3) A light open structure, such as 
the building used on a cricket ground for the use of 
spectators, etc. (4) A strongly marked porthm of 
the front of a building, the roof of which is kept 
distinct from that of the adjoining work. 

Paving {Civil Eng.) Covering for a road or 
footpath which is more durable, le.ss absorbent, and 
more easily cleansed than a gravelled or macada- 
mised surface. The chief forms are Cobble®, Setts, 
Flagstones, Wood Blocks, Bricks, and various 
compositions, such as Asphalt. Granolith, etc. 


Paving Tiles {BvUd.) Flat coloured tiles 3 in. 
to fi in. square and thicker than roofing tiles. 

Paw {Her.) The foot only of an animal, generally 
extended or outstretched. 

Pawl. See Paul. 

P.D. {Elect.) A symbol for Potential Differ- 
ence {q.V.) 

Pd. {Chem.) The symbol for PALLADIUM {q.v.) 

Pea {Botany). The seeds of this well known food 
plant, PiHum mtivvm (order, LegvmUwsat), are highly 
nutritious, in consequence of the large amount (some 
20 to 25 per cent.) of proteid they contain, which is 
called legumin or vegetable casein. The plant also 
forms a valuable material for fodder. 

Peach. See Prcnus and Woods. 

Peach Bloom {Dec.) This is not a very definite 
I colour. A mi.xture usually employed is zinc wliite 
I added to Venetian red or Indian reil. 

* Peach wood. See Dyes and Dyeing. 

Peacock Blue {Dec.) A deep blue of a somewliat 
greenish hue, but of no definite comi)Ositioii. Ti.e 
usual method is to mix cobalt blue w'ith a little 
Chinese blue and white. 

Peacock Green ( Dec.) This colour may be made 
by mixing 50 parts of emerald green, 43 parts of 
Prussian blue, and 7 parts of white. 

Peaked Curve {Elect. Efig.) A form of alternating 
E.M. F. or current in which the curve is steeper than 
a sine curve. This form of curve indicates that the 
third partial or comiH)nciir. of the curve expressed by 
Fourier's Scries {q.r.) is of impoitance. 

Pean {Eng., cte.) The Pane {q.i\) of a hammer. 

{Her.) One of the heraldic furs, the reverse 

of ennmoift, namely field sable powdered or. See 
nndor Heraldry. 

Pea Nut. Sec Ground Nttt. 

Pear. See Woods a)i4 I"^'Rua, 

Pearl {Typog.) Typ( between diamond and ruby 
in size. See Type. 

Pearl Ash (C//m.) Alkali. 

Pearl Essence {Ohem.) See Guanine. 

Pearl Spar (Min.) A synonym for Dolomite (q.v.) 

Pear Push {Elect. Eng.) A pendant switcli usetl 
for electric lights and belts, of which the casing is 
pear sbaiKHl. 

Peasemeal (Foundry). Tljis is used as a coating 
on tliC surface of tl.e sand in coniplicate<l moulds ; it 
is afterwards covered with blacking (q.v.) 

Peat. A deposit of dead ^•egetable matter whicb 
has been left for a long time under such conditions 
that bacterial action has not been able to bring 
about the reconversion of the tissues into their 
original components, t'Oj and water. The factor 
concerned seems usually to be the continued presence 
of a thin film of moisture on the dead matter, 
together with the absence of sunshine. Peat is used 
for fuel, litter, and also, in a compressed form, as a 
surgical dressing. 

Peck. Sec Weights and Measures. 

Pectollte (Min.) A hydrous sodium calcium 
metasilicate, H/) . Na^O . 4CaO . GSiOj. Pseudo- 
monosymmetric ; usually fibrous, in veins or in 
radiating masses in basic eruptive rocks. White to 
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grey or brown. Ayrshire and Midlothian afford 
many localities. Also from Durham, Bkye, Tyrol, 
l^ew Jersey, etc. 

Peoulian (^ypog,) Accented letters, signs, and 
special characters for which no provision is made in 
a compositor's type cases. 

Pedal Feed Motion {Cotton Manv/ae.) An attach- 
ment to a hopper feeder, and on the skutching 
machine, for giving a uniform supply of cotton or lap 
to tlie beaters. 

Pedalier {Munie), A pedal board {see Oegan) 
attached to a pianoforte. 

Pedal, Pedal Point {Mvsie). A note continued 
either uninterriiptediy or broken by sliort rests in a 
part irrespective of the harmonies above or below it. 
This note may be either at one pitcli or clianged 
with its octave. Wlien the ijedal is not the lowest 
part, but appears in an upper part, it is called an 
inverted pedal. The most usual notes for a pedal 
are tiie Tonic and Dominant. 

Pedals {Cycle), See QYChm, 

{Mndc), (1) The keys of a pedal board. See 

Organ. (2) Mechanical contrivances attached ti> 
the i»ianoforte and harp and put into action by the 
feet. See MUSICAL INSTRUMENTS — HaRP {p, 429) 
and Pianoforte {p, 431). 

Pedersen's Frame {Cyeles). A light, rigid cycle 
frame, which has cross stays direct from the top of 
the liead to the bottom bracket.^ 

Pedestal {AreMtect.) A feature introduced by 
the Romans to give 
greater height to an 
order without in- ^ 
creasing the dia< 
metcrof the column. 

It consists of three 
parts : base ; die 
or dado ; cornice 
or surbasc, on 
which the base of 
the column stand.'«. 

I’hc .««ame name is. 
given to a .similar 
form, used to sup- 
port a statue or 
other ornament. ^ 

{Eng.) The ^ 

support or Plum- 

MER Rlock. serving 
to support a sliaft. tetjestal. 

Pediment {Architect.) The raking cornices and 
tympanum forming a termination to the roof of a 



PEDIMENT. 

classical building. Rimilar forms are also used over 
door and window heads in Roman and Renaissance 
architecture, the same name being given to them. 

Pedometer {Survey iny, etc.) See Passometeb, 

Peel {Print.) A contrivance for hanging up 
printed work to dry on horizontal poles. It consists 


of a long handle with a broad thin head fitted into 
one end. 

Peeler {Met,) See Babble. 

Peeling {Print.) See Overlay. 

Peeling of Paint {I>ee.) This defect is due to 
insufficient adherence between the paint and the 
surface to wliich it is applied. It is most commonly 
seen where the priming coat is mixed with coarsely 
ground pigment and an insufficient quantity of oil 
is used to properly penetrate the wood or cement. 
Sometimes one coat of paint will peel from another, 
and to prevent this it is advisable not to allow too 
much time to elapse between the application of the 
different coats ; in fact, one is best applied over 
another when the under surface is slightly tacky (y.v.) 

Peg and Cup Dowels (Eng.) Metal Dowels 
C^.tj.) used by pattern makers to connect two parts 
of a pattern which have to be separated in order to 
be Withdrawn from the mould. 

Pegmatite {Ocol.) A crystalline aggregate of 
rock-forming silicates, occurring in the form of 
irregularly lenticular masses traver-ing gneiss and 
similar rocks which have been subjected tf> differen- 
tial movepients at great depths within the Eartli’s 
crust while they were in a i>otcntial 1 y molten state. 
Their essential 'mineral constituents are the same as 
those of the rock in which they occur; but they are, 
as a whole, larger grained, which is especially the 
case towards the centre of the mass. At their outer 
surfaces pegmatites graduate into the surrounding 
rock, partly through an interlocking of the crystals 
on either side of the boiuiflary, and partly through 
the gradual diminution in tlie size of the crystals 
themselves. In no case is there a selvage of finer 
grained rock along the plane of separntiiiii, nor any 
sharp plane of demarcation between the pegmatite 
and its enclosing mass, such as exists in the case of 
most intrusive ina'^sos. From this fact it is clear 
that the rock which encloses the pegmatite must have 
been at about the .same temperature as the latter at 
the time when consolidation took place. The miueral 
constitution of pegmatite varies with the c-)mpr>sition 
of the parent rock. In gneisses, or gneissoid rocks 
allied to granite, the component minerals of the 
pegmatite are essentially Quartz and tlie potash 
felspar Microcline. In the rocks of more basic com- 
position tiiese minerals are represented by Hornblende 
and the soda-lime felspar Oligoclase. In the case of 
pegmatites which have Ijeen subjected to crushing 
movements after the earlier stages of consolidation 
have been passed, some of the Microcline, in the one 
case, is changed to Muscov ite, and part of the Horn- 
blende, in the other, is changed to Biotite. The 
structure of pegmatite is usually granitic (< 7 .?'.), as 
the minerals are generally allot riomorphic {g.r.) in 
relation to each other; but other structures may 
occur in the acid pegmatites, of which the com- 
monest is that of Graphic Structure. In this, nume- 
rous ramification.s from large expanses of Quartz 
cry.stals closely interpenetrate similar ramifications 
from equally large expanses of crystals of Microcline. 
The resulting pattern reminds one of some forms of 
Oriental writing, whence the name Graphic Granite. 
I'cgmatites are of considerable importance from an 
economic point of view, not only as ornamental 
stones, but because such gems as the Topaz and the 
Emerald occur in them ; and because, also, they yield 
many compounds of the rarer elements, such as 
Zirconium, Thorium, Cerium, etc.— J. G. G. 
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Pelagic ) delating to the deep sea. Cor- 
relative with Thaiassic and with Littoral, as referring 
to the conditions under which certain marine strata 
liave been deposited. 

Pelasgic {Architect.') The art of Greece before 
the first olympiad (b.o. 776, the beginning of authen- 
tic Greek histoiy) is known as Pelasgic art, as it was 
probably the work of the i’elasgi, the early inbabi* 
tants of Greece. The principal remains of Pelasgic 
art are ; (1) Massive walls, formed of rough masses 
of rock, of rectangular blocks, or of polygonal blocks. 
(2) Underground chambers, such as the well known 
“Tholos (or I’rcasnry) of Atreiis.” This consists of 
a circular vaulted clianiber of stone, about 50 ft. 
diameter and about the same height, buiied under a 
tumulus, and reached by means of a stone walled 
passage or dromos {q.v.) (3) The Lion Gate at 

Mycenae. See Tholos. 

Pellet Moulding ( Arch itect. ) An enriched Norman 
moulding consisting of a series of small spherical 
forms in a hollow mould. 

Peltier Effect (Elect.) If a current flow across 
the junction of two metals, heat is either absorbed 
or liberated, according to the direction of the current. 
The amount of the heat developed or absorbed is 
proportional to the current, tbcrcbj* differing from 
the heat produced in accordance with Joule's Law 
(q.v.) 

Pencil. A term sometimes applied to a small 
camelliair brush. See Penx’ILs*. 

— — (Light). A collection or “ bundle ” of rays 
of light, either parallel, convergent, or divergent fa 
narrow beam of liglit. 

Pencil Gauge (Join.) A small piece of wood, 
notched, and ui9e<i to guide a pencil when marking 
a line parallel to the edge of a piece of wood which 
is to be chamfered. 


shape be free to swing about a frictionless support 
(e.0. knife edges) at A, then it will oscillate in the 
same time as a simple pendulum of lesser length, 
AB. The point A is termed the Cbntbb of Suspen- 
sion, and B the Centbb of Oscillation. These 
two points are interchangeable, so that 
if the l>ody be suspended from B, then A 
becomes the centre of oscillation. If 
the body be struck a blow at its centre 
of oscillation, it will turn about its axis 
of BQ.<<peusiun, but there will be no pres- 
sure produced at the axis. From this fact 
the centre of oscillation is also termed 
the Centre op Percussion. The time 
of a complete vibration of a compound 
pendulum is given by the equation 



in which T is the time in seconds, K the Moment of 
Inertia of the body about the axis of suspension, and 
0 the ratio of the restoring couple exerted by gravity 
on the body when displaced through a small angle, 
to the angle through which it has been displaced. 
Let m be the mass of the body, O the Centre of 
Gravity, and let the distance AO = 4; if ^ « the 
angle through which the l)ody is turned, the force 
due to gravity is acting through O, and its 
moment about A is mqh sin 0. I’hen 

or C » mgh if ^ be a small angle. Let the moment 
of inertia about an axis througli O be ; then the 
moment of inertia about an iixis through A is 

K. ' 

The time of vibration is therefore 

T = 2?r A / 

V " " mgh 



Pencils (Dec.) Small brushes used by decorators 
and sign writers, of various forms, provided with long 
handles. When the pencils arc hold in a quill ferrule 
the sizes are indicated by the size of quill, .such as 
crow, duck, goc»se, swan, etc. Red and brown sables, 
carnelhair WTiters, and short sables a*c the principal I 
pencils used by the decorator. See Painters’ I 
Brushes. I 

Pendant (Architect.) A banging ornament used . 
in the roofs and vaults of iVrpendicular Gothic i 
architecture. Sec Fan Vaulting. ■ 

(Build.) A bracket or apparatus hanging 

from a roof or ceiling for lighting by gas, etc. 

Pendentive (Architect.) The portion of a circular 
dome which descends into a corner of the square 
over which the dome is constructed. Circular domes 
arc constructed over square spaces in this manner in 
Byzantine architecture (q.v.) 

Pendulum. A Simple Pendulum con.si.sts of a 
heavy particle, suspended by a weightless and abso- 
lutely flexible thread. If the pendulum swing 
through a small arc, the particle will describe 
approximately a Simple Harmonic Motion (q.v.)^ and 
the time of a complete vibration is given by the 
equation 

where I is the length of the ptindulum, and g the 
acceleration due to gravity. If a rigid body of any 


T =« 27r ^ 

V " ~gk " 

It thus swings in the same time as a simi^le pendu- 
lum of length --t/r. Rater’s Pendulum consists 
h 

of a bar furnished with iwo sets of knife edges, one 
or ^th of which cun be adjusted in position, 
positions are found by trial, in which the time of 
vibration of the pendulum is the Bame about both 
knife edges. Tlie distance between the edges is then 
equal to the length of the equivalent simple pendiu 
lum, and if the time of swing be correctly known, the 
value of g can be obtained with great accuracy. A 
I very small difference in the times of swing about the 
I different knife edges can be allowed for in calculating 
; the results. As the time of swing of a pendulum 
1 depends upon its length, it is important in the case 
of clocks that this shall vary as little as possible ; to 
ensure this result, Compensated Pendulums are 
I used, Harrison’s Gridiron Pendulum has the 
I bob suspended by a framework composed of iron and 
brass rods, so adju.sted in length that the expansion 
of the brass rods raises the hob as much as that of 
the iron rod lowers it, the effective length {-bus 
remaining constant. In other cases the framework 
is superseded by concentric tubes of iron and zinc, as’* 
in llie case of the clock at the Houses of Parliament. 
In the Mercurial Pendulums of Graham and 
Dent the bob con.sist8 of a tube containing mercury, 
whose upward expansion counteracts the downwapi' 
expansion of the rod. 
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Pendttlnm Goverttor (,JB!ng,) The ordinary governor 
is often so called. The binged rods carrying 
the balls are sometimes termed pendolams. See 
Gotbunobs. 

Pendulum Spring {Clocks) . A short thin flexible 
strip of steel supporting the pendulum, and contain- 
ing the centre about which it vibrates. 

Pene. See Pane. 


Penetration Twins {Min.') Twinned crystals which 
have no common plane and which mutually penetrate 
each other. The part in common has a very complex 
molecular structure, but the free portions retain 
the symmetrical arrangement. See Twinniko. 

Penlstone Flagstones. See Building Htones. 

Pennon. A small narrow flag terminating in either 
one or two points, formerly carried bj*^ knights at the 
end of their lance or spear, and usually bearing a 
device or the arms of the knight. 

Pennyweight. See Weights and Mbasubes. 

Penrith Sandstone. See Building Stones. 


Penstock. A trough or conduit for water, made 
of boards. The sluico above a water wheel. 

Pentachord {Music). A su(;cession of five diatonic 
sounds Bcalewise. 

Pentamethylenediamine {Chem.) /Srr Cadave- 
BINE. 

Pentanes ( Chem.) 0^11 , 3 . There are five compounds 
of this fijrmula; their names, constitution, and 
boiling points are given uiidcr^ Paraffins. They 
are all colourless liquids of agreeable smell, and 
possess the general properties of the Paraffin*^. 
Normal pentane btirns with a Innnnous flame, and 
is used as a standard light in testing the illuminating 
power of coal gas. 

Pentane Standard. A light obtained V>y burning 
pentane (r/.w.) in a ])iirticuliir form of lamp, to serve 
as a standard of illumination in phottunetric work. 
The Harcourt Lamp burns one vobnne of liquid 
pentane to 676 volumes of air ; the burner is J in, 
diameter ami the flame in. high ; the light is then 
equal to one British Stanuard C.Miidle 

Pentaptych {Art). A painte<l or carved panel or 
screen, consisting of five h'aves, which fold over each 
other. Cf. Triptyc'H. 

Pentastyle {Architect.) The name given to a 
temple wliich has fi\c columns in the front row. See 
Hbxastyle, Uctastyle, Pistyle, and Decastyle. 


Penteiic Marble. See Marble, Statuary. 

Pentosang {Chem.) Anhydride-like derivatives of 
the Pentoses. 

Pentoses {Chem.) Sugai-s containing five carbon 
atoms. Examples ore arabinoso xjlose 

See aUto Sugars. 

Penumbra. The partial shadow beyond and 
adjoining the total shadow which is caused by an 
opaque body intercepting light front a luminous body. 
In art, the point or boundary at winch light blends 
with shade, 

{Astron.) A half shadow which surrounds 

the deeper shadow of the earth; the umbra of a 
sunspot or tho shadow of the moon. 

Peplnm {ArchaoU) A cloak or shawl longer and 
•of finer material than the pallium {q.v.\ worn by 
Greek Komau women. 

Pepper {Botany)- Tho dried unripe berry of Pijnr 
(order, Piperacete) constitutes Black Pepper, 
on removal of the rind, White Pepper. 


Peppermint {Botany)- The essential oil is dis- 
tillecf rrom the leaves of the fresh plant Mentha 
piperita (order, Lahiatm), See Labiatjs. 

Pepsin {Chem.) That constituent of the gastrio 
juice which hydrolyses proteids, converting them 
finally into peptones ; it is a solid precipitated from 
solution by ammonium sulphate. It contains carbon, 
hydrogen, nitrogen, oxygen, sulphur; but nothing is 
known of its chemical constitution. 

Peptones {Chem-) The final products of hydro- 
lysis of proteida by pepsin ; they can also be 
obtained by hydrolysing proteida by dilute acids or 
by superheated steam. Soluble in water, insoluble 
in alcohol, easily diffuse through animal membranes, 
give the Biuret reaction, give precipitates with the 
alkaloid reagents, not coagulated by heat. 

Per {Music). By, as^<*r recti et retro ^ by forward 
and backward motion. Dr. Crotch’s Double Chant 
in G is a good example, where Part 3 is the reverse 
of Part 1, and Part 4 the reverse of Part 2 in all four 
voices. 

Percarbonates {Chem.) See Potassium Com- 
pounds. 

~ Pereent9.ge Conductivity {Elect- Eng.) The 
ratio (expressed as a percentage) of the conductivity 
of a given copper wire to that of a similar wire mad© 
of pure copper. 

Perching {Leather Manvfac.) A similar process 
to staking, but in perching the skin is fixed to a 
horizontal pole (the perch), and is worked over on 
the flesh side with a “crutch stake,” a tool fixed on 
I a handle like a crutch. 

Perchlorates and Perchloric Acid ( Cheni.)t K^CIO,. 
The perchlorates are salts of pei*chloric acid. The 
acid is a white crystalline solid which melts at 16®, 
It is deliquescent ; forms a hydrate with one mole- 
cular proportion of water. It decomposes on keeping 
and with explosive violence on heating or on contact 
wnth organic matter. It is obtained by distilling 
potassium perchlorate with concentrated sulphuric 
acid. It is a monobasic acid ; its most important 
siilt is pota 5 .’?ium perchlorate, KOlO,. The salt is 
obtained by heating potassium chlorate till it has 
lost about a fifth of its oxygen, when it forms a 
nearly solid mass. The mixtiiie of chlorate, per- 
chlorate, and chloride is washed with w^ater to 
remove chloride, then warmed with hydrocliloric 
acid to decompose chlorate. From the residue pure 
potassium perchlorate can be obtained by crystallisa- 
tion. It is a white crystalline solid, isomorphous 
with x*‘^tassiam permanganate, sparingly soluble in 
W'atcr, insoluble in absolute alcohol. 

0 

• II 

Probable constitution, 0 = Cl — OK, All other per- 


chlorates are soluble in water. All perchlorates on 
heating give a chloride and oxygon. They are not ^ 
reduced by sulphur dioxide. 

PcFclose. See Parclose, 

PercuBBion {Mime:). See Harmonium, p. 442. ,u * 

, Centre of {Phys-) See Pendulum, 

PerdendoBi {Mtieio). Gradually softer and 
slower. 
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Perennial {Botany ) . Living more than two years : 
tlio term may be applied to a plant as a whole, or to 
oertain parts, e.g, the root or stem. A plant whose 
stem dies down annually, while the roots remain 
alive, is termed a Herbaceous Perennial. 

Perfect {Music), A term applied to the intervals 
of the 4th, 6th and octave. Perfect intervals are so 
called beoause they are changed from consonant to 
dissonant intervals when augmented or diminished. 
This is not the case with the other intervals : 2n(ls 
and Tibs are dissonant intervals in both the major 
and minor form, whilst 3rds and Cths are consonant 
intervals in both the major and minor form. Sec also 
Concord and Interval. The term is also applied 
to the cadence having the chord progressions 
Dominant to Tonic, See Cadence. 

Perfect Cadence {Music), Sec Cadence. 

Perfect Engine {PUys.) A theoretically perfect 
engine is one which converts a certain delinite 
fraction of the heat supplied to it into mechanical 
work. If W be the work done, H the heat su}>plicd 
(measured in mechanical units), and 0^ the absolute 
temperature of the working substance at the time 
that it enters and leaves the cylinder respectively, 
then 

w 0, - e, 

II 0y 

Thus, if the W’orking substance enter a cylinder at 
200" C. and leave it at 100° C., we have 0^ = 273 + 200 = 
473®, ^2 = 373, and a perfect engine wdll convert the 
fraction If J of the energy supplied to it in the form 
of heat into mechanical work. This fraction or 
ratio is termed the Efficiency of the engine. 

Perfecting Engine {Pajfer Manvfac,^ A conical 
€hape<l vessel, fitted internally with revolving knives, 
used for beating pulp. 

Perfecting Machine {Prini.) See Typography. 

Perfect Paper {Print.) lieams made up to the 
full number of 51 6 sheets. 

Perfect Up {Print) Printing tlie second side of 
a sheet of paper. 

Perforated Bars {Zace Manufac.) Thin ribbons 
of the highest quality of steel, in thicknes.s 100 and 
upwards to the inch. Holes are inerccd in them at 
oertain well defined and accurate <listances for the 
reception of the warp threads. Invented by Mr. 
{afterwards Sir James) Oldknow to supersede* bars 
with attached guides. 

Perforated Bricks {BuiUl.) lirick.s having a 
number of boles through them ; used lor ventilation. 

Perforated Pulley {Eog.) A pulley whose rim is 
pierced by a number of small holes ; these holes 
allow the layer of air which is enclosed between the 
belt and the periphery of the pulley to e.scape, and 
bring the belt into closer contact with the metal, 
thereby diminishing the amount of slip. 

Perforator {Meet, Eng.) The Instrument used 
for perforating or punching the holes in a paper 
strip used for transmitting messages by automatic 
telegraphic instruments (Morse, etc.) 

Perianth {Botany). The outer fioral leaves in the 
flower. It usually consists of an outer green calyx 
and an inner coloured corolla. 

Pericarp {Botany). The term applied to the 
wall of the ripened ovary in the fruit. In the 


“stone fruits,” such as cherry and plum, it is 
divisible into three layers ; the rind, or epicarp ; 
the pulp, or mesocarp ; the stone, or endocarp. 

PericIaBe {Min.) Native magnesia, MgO. Cubic, 
in dark octahedra and greenish grains in metamor- 
phosed limestone from Monte Somma. It usually 
contains traces of fen'ous oxide. 

Perioiine {Min.) A variety of Albite {q.v.\ twinned 
in a particular ivay, in wliite turbid crystals elongated 
along the h axis. 

Peridot {Min.) A synonym for Olivine. Peridot 
is one of the names by wiiich jewellers deadjjnate 
Olivine. 

Perigee {Atfron.) The Sun (or Moon) is said to 
be in Perigee when its distance from the Earth is 
least. (Y. Apogee. 

Perihelion {Astroji.) Tim position of the earth, 
planet, or comet when nearest to the sun. 

Period {Musir). A complete musical sentence 
divided into two parts at least, the former of which 
generally ends with a half close or some form of 
middle cadence, and the latter with a full cadence. 
The subdivisions arc called phrases. 

{P?iys.) The time occupied by a complete 

movement or cycle of operations; e.g, the time of 
swing of a pendulum, or the time taken by a com- 
plete alternation of an alternating electric current. 

Periodates and Periodic Acid. {Oteni.) Tlie 
normal periodic acid UIO^ is an unstable solid 
obtained by beating tirthoperiodic acid at under 
very low pressure (15 mm.); it decomposes on 
further heating into the i)entoxidc, water, and 
oxygen, without forming the heptoxide IgOy w-hich 
corro.*^ ponds to this acid. Orthoperiodio acid, IliKh, 
the common acid, is a white crystalline solid wiiicfi 
melts at 13.3°, and decomposes at 140° like the normal 
acid. It is obtained from its disilvcr salt Ag.JIj,l()„ 
by acting upon it with water, oAg TJjIO^ =:^ -t- 

2Ag,,10g. ]Many i)e] iodates arc known, and they can 
all lie regarded as derived from various hydrates of 
the heptoxide T./); : 

1,0: -H H3O * 2nTO, 

Motaiieriodic Acid 
(Normal Acid). 

I,Oy + 3HjO = 2 H,I 05 

Mesoperiodic Acid. 

.0 = 2II,IOe 
OrtboiNjriudic Acid. 

Sodium orthoperiodate is obtained as a sparingly 
soluble solid by passing chlorine into a mixture of 
sodium iodate and hydroxide dissolved in water ; 

Na.,l.A + 6NaOH +211, - 4NaCl + 2Na2HJOe. 
The silver salt referred to above can be obtained 
by suspending tliis sodium salt in water; add just 
enough nitric acid to dissolve it and then silver 
nitrate, when the pale yellow disilver hydrogen 
periodate separates. The salt AgJOg is a black 
crystalline powder. The periodates when heated 
give oxygen and an iodide. 

Periodic Ciippent. An Alternating Current. 

Periodicity {Pkys., Ehot Eng., etc.) The Fre- 
quency iq.v.) of any recurring operation. 

Periodic Motion {Phya., etc.) A motion which is 
rej^ated in definite regular intervals of time, e,g. the 
swing of a pendulum or the vibrations of a sounding 
body. 
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Periodic Pertarbationi (^AtttronJ) Blight disturb- 
ances in the position of the Earth in its orbit which 
take place periodically. 

Periodic System* A method of arranging the 
elements so as to exhibit their properties as a periodic 
function of their atomic weights. All the commoner 
elements are included in the subjoined Table 1, 
arranged in the ofder of their atomic weight s. A very 
few of the less common elements are included for 
reference. Wliere dashes occur, rare elements are 
known which take these places ; where no element and 
no dash occur, there is either no element known at all 
or the place has been assigned to some imperfectly 
studied element. Hydrogen is omitted, as it does not 
fit into any group at the present time. The vertical 
rows will be referred to as Series, the horizontal rows 
as Groups. A group contains allie<l element .s. Each 


abscissae and meltixig points as ordinates, a series of 
alternate minima and maxima are obtained, and the 
elements which form the minimum and maximum 
points are all in Groups I., IV., VII., or VIII* 
Example : 

Minima Li F Cl Br Cs 

Maxima C Si Mn Ku 

In the first two series the maxima are in Group IV, ; 
these two series are called Short Series ; series 3 
and 4, 5 and 6, 9 and 10 are called Long Series, and 
between the two series which cfjmpose a long series 
arc the so-called Transitional Elements— groups 
of three elements, the members of which are closely 
allied to each other. Besides the periodicity of the 
melting point, the atomic volumes of the elements 
vary periodically with the atomic weights, and in such 
a way that generally the atomic volume is a minimum 
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1 

Bi 208 


VI 

0 

16 

8 82 

Cr 82 

Be 79 

1 

Tel278 



1 


V 288 

vn. 

P 


Cl 85-5 

Mn 85 

Br 60 

1 

- j 

I 127 


1 




vni. 

B 


Fe 86 
Ni 89 
Co 89 

! 

1 

1 

Ru 102 


C| 


Ft"l98 




Table 1. 


group can be divided into two Sub-Groups, each 
containing elements more closely allied to each other 
than they are to the other members of the group. 
For example, in Group II, Calcium, Strontium, Bjirium 
are very clo.sely allied to each other, and they con- 
stitute the odd series; while Magnesium, Zinc, 
Cadmium, and Mercury are fairly closely allied ; and 
there is a general resemblance between all the 
members of the group. The elements are also 
arnuiged fairly well according to their valency, as the 
table shows. 


Formula. 
(«) Of Oxides. 

Group 1. Il.,0 

II. *r;o, 

III. R,03 

IV. RO, 

V. 

VI. 


\\ RO. 

R,03, R.p5 

I. RjO, R(\ 


(ft) Of Chlorides. 
RCl 
RCL, 

RCL 
RCL 


RCL 




RC1„ RCl, 

VII. r:o; BjC, rci. bci, 

When a curve is drawn having atomic weights as 


where the melting point is a maximum, and vice 
veraa. Other properties of the elements are also more 
or less pericKlically vaiiable with the atomic weights, 
such as the heat of formation of the halogen salts ; 
also the spectral lines of elements in the same group 
show relationships, e.g. those of Magnesium, Calcium^ 
and Btrontium, and those of Zinc, Cadmium, and 
Mercury of Group II. The system also divides the 
elements into metals and non-metals fairly well ; if 
a triangle be drawn between the points A, B, C in 
Table 1, it includes the Non-Metals and two metals 
Chromium and Manganese (as Table 2). Chromiuip 
resembles the non-metals in its trioxide and com- 
pounds derived from it, and manganese in forming 
permanganates which are isomorphons with the 
perchlorates. The new elements of no valency 
must be regarded as forming transitional eiementB 
between the strongly basic elements of Group 1. and 
the strongly acid elements of Group VIL; thus 
before Lithium comes Helium, and between Fluorine 
and Sodium comes Neon, between Chlorine and 
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Potassium Argon, between Bromine and Bnbidium 
Krypton. The system is not by any means perfect. 
Tellurium must be placed in Group VI., although it 
has a higher atomic weight than iodine ; Manganese 
is out of place in Group Yll. ; Argon must be placed 
before Potassium, although it has a higher atomic 
weight than the metaL The periodic system has 
been of use in controlling atomic weights and in pre- 
dicting the existence and even the properties of new 
elements. Many attempts have lieen made to account 
for the periodicity of the properties of the elements ; 
one of the most recent of these, due to Professor 
Emerson. Keyn olds, will he found in the Chemical 
Society’s Journal for 1902, p. 612; an account of 
the most recent .attempt, due to Professor J. J. 



Thomson, will be found in The Becent Development 
of Pkysieal Scienae^ by W, C. D. IVhetham, p. 268. 

Peripheral Velocity. The linear velocity (q,v.) 
of a point in the circumference of a revolving wdiecl, 
etc., as distinguished from the angular velocity of 
the wheel. 


acids in presence of the anhydride of the acid. This 
is Perkins' Reaction. The acid anhydride withdraws 
water from the aldol compound formed by the union 
of the aldehyde and fatty acid salt. Example : 

^0 "OH 

+ CH-COONa « C.n.C^ CH- . COONa 
\h \H 

Benzaldehyde. Sodium Acetate, 

/on 

CgH 50 <^ 0 H.,COONa-H,O-CeH 4 OH‘-CII . COONa. 

Sodium Cimiamato. 

The reaction has received many applications ; dibasic 
acids may be used as well as monobasic acids, and 
"the acid anhydride need not be that cor- 
responding to the acid salt. Other ex* 
ainples will be found under COUMABIN 
and Naphthalkne. 

Perlite (C/um., Met,) See Jbon. 

{Geol.) A variety of vitreous rock 

of eruptive origin which has cooled in 
such a manner as to form a series of curved 
cracks, which break the rock up into small 
spheroids, the “ pearls," 

Permanent Hardnesi. See Water, 
Calcium Compounds, a/nd Clark’s 
Process. 

Permanent Load (Eng.) (1) A load 
on any structure which is unvarying in 
amount or position. (2) The constant 
work performed by an engine or motor. 

Permanent Magnet. See Magnet. 

Permanent Bet (Eng.) When any body 
is strained beyond its elastic limit (y.r.), 
juid therefore does not recover its original 
form or dimensions wh(?n the stress is 
removed, it is s«aid to have received or acquired 
a jjermanent set. 

Permanent Way (Civil Eng.) The ordinary 
railway track, consisting of Ballast, Rails, and 
8l£EPp:rs, laitl on e properly prc'pared surface or 
formation level. See also Railways. 


Perl-PoBltlon ( Chem .) See Naphth alkn e. 

Peripteral (Architect.) The name given to that 
form of temple which is surrounded by a range of 
columns. See PsEirDo-rERiPTBRAL. 

PeriMope (Optics). An optical device by which 
a view in a horizontal direction may be obtained by 
looking through a vertical tube. 8uch a device is 
used on submersible boat.^ to enable a look out to be 
kept when running just below the surface of the 
water. 

Periicoplc Lens (Light). A Meniscus Lens 
(g.v.) 

Perlsterite (Min.) A variety of albite showing a 
play of colours, 

Peristyliiim (Architect.) A court or square having 
a colonn^e on each of its four sides. This colonnade 
and also a colonnade surrounding a temple are 
known as peristyles. In a Roman house the peris- 
tylium is the inner court, and, like the atrium, the 
central part of it is open to the sky. See Colon- 
nade, Portico, and Ptbra. 

Perkins’ Reaction (Chem.) Aromatic aldehydes 
undergo condensation with sodium salts of fatty 


Permanent Way Crane (Er^.) A crane mounted 
on a railway tr^ck. Used for repairs to a line and 
removal of debris after an uccideiit. 

Permanent White (Dec.) The best quality of 
artificial barytes or hlanc fixe (q.v.)^ which, when 
ground in water, is quite permanent. When used in 
oil, one part is mixed with two ^larts of oxide of 
zinc (q.vJ) 

Permanganates (Chem.) See Manganese Com- 
pounds. 

Permeability, Magnetic (Elect.) The ratio be- 
uween the number of lines of force (per unit area) 
running through a piece of magnetisable material — 
i.e. the Magnetic Induction B— and the Magne- 
tising Force H which produces them. The per- 
meability p is thus given by the equation 
B 

“ H 

For non-magnetic materials B is practically unity. 
For iron, etc., its value varietf'^eiy. greatly, and 
depends on the magnetisation, decreasing as the 
latter increases. It is also affected by the previous 
treatment of the iron. Tlie following values of the 
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permeability for different valuee of B are given 
Hopkinson for a good specimen of annealed soft 
iron ; 

B 


5,00G 

3,000 

10,000 

2,000 

15,000 

526 

20,000 

30 


Pepmeametep {Eteet, EngS) A simple form of 
instrument for measuring the Pebme Ability (^.e.) 
of a bar or sod of iron. 

Pepmeanance {Elect,) The reciprocal of the 
Reluctancb 

PePmian (GeoL) A series of rocks in which the 
prevailing colour is red, occurring in the kingdom 
of Perm, in Russia, and usually regarded as per- 
taining to a geological horizon intermediate between 
that of the Carboniferous and the Trias. The 
rocks in Britain called by this name belong 
partly to the Carboniferous Hocks (stained red by 
infiltration of iron from the New Red Rocks), partly 
to a separate formation, which forms the low'er part 
of the New Red Bocks, and is virtually conformable 
to the overlying Trias, and at the same time is 
violently unconformable to all the rocks older than 
itself. This formation was for a long time called tlie 
Lower New Red, or Dyas, and the former name is 
now coming again into general use. Where the Lower ! 
New Red is typically developed, as in North West- | 
morland, it consists of three members: the Penrith 
Sandstone, with associated breccias at the base (all 
of desert origin); above that, the Plant Beds end 
Marl Slate; and, finally, the Magnesian Limc.stune. 
The Bunter Marls which succeed belong to the 
Trias, and lie with a slight unconformity upon the 
beds below. In (lermany, where these rocks attain 
considerable commercial importance on account of 
the occurrence in them of Gypsum and Rock Salt, 
copper is worked in the Marl t^latr, w'hich lies 
upon the Unter Rotheliegen<le, one of the higher 
members of the Upper Carbonifertms Rocks of those 
parts. The mf>st conspicuous member of t he so-called 
Permians in Britain is the Magnesian Limestone, 
which yields an interesting suite of marine fossils. 
In the Alps and in the Mediterranean countries the 
equivalents of the Ijower New Red, Dyas, or •* I*er- 
mian” arc of marine origin, and jield, amongst 
other fossils, a laiige number of species of the 
earliest ty^^es of Ammonites. 

Pepnot’s Revolving Fupnace A furnace 

with a fiat but slightly sloping hearth, which revolves 
slowly, thus thoroughly mixing the molten metal 
and exposing it to the action of the flames. It is 
used on the Continent for steel making by an Open 
Hearth Pbocbss See aim Metallukgy, 

Peppendlottlap. (1) At right angles to a line or 
plane. (2) Often used as synonymous with 
Vertical. 

{Architect,) One of the periods into which 

English Gothic architecture is divided. It ex- 
tended from about 1377 a.d. to 1547 A.D., and is 
also known as Rectilinear Gothic. The work of 
the later part of the period is known as the Tcjdob 
8ttlb or Florid Gothic. The principal features 
of the work of the Perpendicular period are : (1) 
Shallow Mouldings, with casements, bowtells, 
and double ogees. The characteristic ornaments are 
the Tudor Flower and the Tudor Rose. (2) OcyA- 


GONAL Capitals are used with circular shafts, and 
pier mouldings are frequently carried up into tlte arch 
without the intervention of a capitaL (B) PANaLLiNG, 
extensively used on wall surfaces, partioularlj^ late 
in the period. (4) The Windows are veiy large, 
frequently taking up almost all the width TOtween 
the buttresses. Tiers of transoms are used, and the 
miillious are carried up vertically to the windowarqb. 
(5) The TRiFOiuuM is reduced to a minimum. (6) 
The Arches are frequently very depressed later in 
the style, the four-centred arch being a common 
form. (7) The Buttresses are of large projectioni 
flying buttresses being extensively usech (8) The 
type of VAULTING used in this style, known as Ian- 
vaulting, was a complete departure from the forms 
which obtained in the preceding periods. (0) ftie , 
Foliage is of a more conventional type than that of 
the Decorated period. See Decorated. 

Perpends {Build.) The vertical joints on the face 
of brickwork. 

PePPon {Arehiteot.) A French term denoting (1) 
an external flight of steps at the entrance to a build- 
ing, giving access to a storey which is raised above 
the level of tlie ground. (2) A balcony landing in a 
similar position with a fliglit of steps at each end. 

Perseids {Aatron.) A shower of meteors or shoot- 
ing stars wliich appears to “ shoot ” from the constel- 
lation of Perseus. The shower recurs every } ear in 
tlie monili of August. 

{Leather), Sheep and goat skins tanned 
in India with Turwahr bark are imported in large 
quantities to this country, and are known as Persian 
Sheep or Persian Goat. 

Persian Green {Dec,) A name sometimes used in 
ccmnection with Oriental decoration to designate the 
pure, bright, or vivid green knovrn in the form of a 
pigment as “emerald green” {q,v.) It is almost 
identical in hue with the primary green in the solar 
spectrum. 

PerBians (A ^ch i ted. ) See A tlantes. 

Persienne {Build.) A frame or shutter attached 
to the outer side of a window, and having hlii>s of 
wood fixed in the same way as a louver board {g.v.) 

Personal Equation {Phgs., etc.) An error due to 
the itliosyncrasics of a particular observer or experi- 
menter. In a trained observer tins error becomes 
nearly constant, and can be eliminated or accurately 
allowed for in calculations based on the observations. 

PerspectiTe {Art). The art of representing by a 
drawing made on a flat surface solid objects or 
surfaces not lying in the plane of delineation; the 
TOpresentation of objects as they appear to the eye. 
In X)ainting, the art of conveying the impression of 
depth and distance by correct drawing and judicious^ 
colour tones and shadows. 

, iErial« The suggestion or expression of 

distance in a picture by tho medium of atmosphere. 
“The expression of space.” — Buekin. 

, Linear, The branch of perspective that deals 

with form and magnitude. 

PeraulphateB and Persulphurio Acid {Chem.) 
See Potassium Compounds and Sulphur Com- 
pounds. 

Perturbations {Astrm,) Variations in the path 
or orbit of a planet, due to the attractions of other 
bodies as they approach or recede. 
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Petanie (Mumc), Heavily, firmly. , 

Pejstle (Paift") An in^trnmfint, generally in the 
form of a 'truncated cone, the base being a plane 
surface. Used for grinding pigments. 

Pet Cock (Sitff,) A small tap fitted to the ends of 
cylinders in steam engines to enable water to escai^ 
before the engine is started. 

Peterhead Granite. Sac Building Stones. 

Pcterebnrg Standard (rarj^. and Mu ) A 
meahtire ot timlwr. 120 pieces 12 ft. x 11 in. x IJin. 
«■ 165 cubic ft. 

* l^etit’e Wheel (^Vhem. Eng.) U^od in f^tearine 
mannfactnie. A jacketed drum cooled by the cir- 
culation of refrigerated brine. The lower jxiition of 
the drum dips into a bath of melted fatty acid.s. and, 
as it icvohes, crvhtals of stearinc stpaiate and aie 
removed before the penpherj i)asseb into the bath 
again. Compare Skbdikg 

Petrol. See Pkttiollvm. 

Petrol Engine or Motor. X'nder this term me 
included eugims in which the inoti\e )»ower i*. 
obtained by the comousth a at explosion m the 
cylinder of \apo\ir derived fiom an oil or spirit of a 


more volatile i^tnrO than those used in Oil Engineo 
proper (g.e.). As sncli engines very frequently 
tiriven by the mixture of light oils known in the 
trade as petrol, the name Petrol Engine or Motor 
has been commonly applied to them in England and 
Franco; in the United States they are more often 
termed Gasoline Motors. They are distinguished 
from oil engines by tlie much greater speed at which 
they run, their consequent smaller size (for any 
given horse power;, and their adaptability to <'ircum- 
stances in which great portability is essential In 
the most usual tjpes there is no bedplate, the 
cylinder \>cing bolted to a crank case, which also 
carries the bearings of the crank shaft. 

1 he main principles of the construction of a small 
motor (such as is Uhedon motor cycles) are shown in 
tig 1, which represents a cross section of a single 
c\linfler engine with air cooling; a side view ia 
gi\en in fig. 2. A the cylinder, in which moves 
the piston B ; the connecting rod c is attached to 
the pi‘'ton by a cross head I), and to a crank formed 
by a j)in E, which is fixed to tlic two wheels F, P. 
These wheels form the wheels of tlie engine, and 
are mounted on a divided shaft, of w'hiCh the two 
halves G and H are support ed in bearings in the 
side of the cianli chamber K. The latter is often 




composed of aluminium 
castings, bolted to the 
cj Under at L, and at- 
tached to tho frame by 
a lug M. Tlie sliaft » 
carries tho pulley by 
which motion is trails, 
mitted to the dri\ing 
rim the liack wdieel 
of tho cycle. The shaft 
n transmits motion to 
the Half Speed SiiArr 
N through a pair of 
toothed wheels o, which 
cause N to revoho at 
lialf the sj-iecd of H. 
Tne half sp(*ed shaft 
cairies two cams, P and 
g, shown on a larger 
scale in fig. 4. The cam 
p acts on the rod 
and opens the Exhauht 
Valve s, which is t losed 
again after the cam 
passes the position in 
which it engages the end 
of B by a spiing on the 
valve rod. T is the 
Vdmission Valve, also 
k<*pt close^l by a .spnng 
on its spindle; u is the 
HpAUKiNG J’LUG (given 
on a larger sc^le in 
fig. Tho cylinder A 
and cylinder head V are 
provided witli pro3e<*ling 
ribs, which afford a large 


Fig. 1 —Air Tooled Bnaine (Sertion). Fig. 2 —Air Cooled Engine (Elevation). 

Fia-<. 1, 2 — Sfrrrox avd Euiatiow or Sikols C's i tnpek Aii. CVhhed Motob. 

A. CWlnder. l. Joint between crank and h ExIiauMt valire. 

». Putxin. cylmd#’! j- Adli»lM^lon or inlet valve 

c. Connecting rml. n. Snopouinglng. i Sparking i»liig. 

XI. CioHB head. Half epced oboft. v. Cylinder heail, containing 

X. Ctank pin. G«*ai wheels. c iearance or comprewion 

W, Flywhi^ols. Cam aotnating ezhanid valve. apace, 

o, H. Crank aliaft Cain «f contact breaker. w Inlet pn>e. 

K. Crank taat. Bud for railing the ezhauat valve, x. Ezhauat pipe. 


nadiating surface, by 
means of which the 
cylinder is cooled. The 
tulio w comniunicates 
with the Vapoubiseb 
or Oabbubettdb, ill 
which the explosive 
mixture is produced, by 
mixing vapour derived 
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from petrol or motor spirit with air ; this apparatus 
is either a Spbay Cabbubbttob or a StJBFACB Cab- 
BUBETTOB X is the Exhaust Pipe leading to 

the SiLBNOEB, a chamber from which the products 
of combustion escape into the air through a number 
of opening^. This arrangement deadens the sound 
produced by the sudden release of the gases. The 
action qt this engine is as follows; At the oom- 
menoement of the cycle or series of operations the 
valves 8 and T are both closed ; the piston descends, 
and the vacuum created in the clearance space v 
causes the valve T to be opened by the pressure 
of the mixture ( 1 : 6 . the explosive gas) in the tube W. 
The Chaboe of explosive gas is thus drawn into the 
cylinder during the descent of the piston ; as the 
latter approaches the end of its stroke the valve T 
closes, and during the up stroke, which is the second 
stroke of the cycle, the mixture is compressed, both 
valves remaining closed. As the next down stroke 
(the third stroke of the cycle) commences, the mix- 
ture is fired or ignited by a spark produced at the 
gap between the projecting wires at the end of the 
sparking plug u. The explosion causes an impulse 
to be given to the piston, which moves downward, 
I)erforming its Working Stroke. At the end of 
this stroke the sliaft n has turned round into such a 
position that the cam p engages the end of the %tl 
B, which it raises, and so opens the exhaust valve s. 
During the second up stroke (or fourth stroke of the 
cycle) the pi'oducts of combustion escape by the pipe 
X, and at the erul of the stroke* the cam P ceases 
to act on the rod b, which drops back into its 
original i)osition, and the valve 8 closes, ready for 
the cycle of opera- 
tions to begin over 
a^in. The production 
of the spjirk requires 
further explanation. 

A diagram of the elec- 
triciil councctionb is 
given in fig. 8 . A is 
the accumulator, usu- 
ally consisting of two 
cells, giving an E.M.F. 
of about four volts 
when cliargcd. From 
one terminal of this a wire goes to one terminal B 
of the primary of an induction coil (</•*’•)» from 
the otlier terminal of which c, a wire, loads to 
D, where the current enters the t’ONTACT Breaker 
(fig. 4). It now Hows from D along an insulated 



Fid. s.— PlAOltAM OF Euccritic 
CirxuiT. 



oonduotor it to the platinum tipped screw e, 
at which point the circuit haa to pass from the 
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screw to the .Tbbkblbb or spring on whibh 
is fixed a small platinum contact piece BetWfjem 
E and F there is a small gap, across wMch 
Qurrent is unable to ^lass until the trembler In: 
raised ^ means of the cam Q on the half speedv 
shaft. The position of the cam is so adjusted tbiit 
the contact is made at the time when the woiking 
stroke of tbe engine is commencing. At this instant 
the current can flow from B to F, through the trembler 
G, and through the frame of the machine to a 
switch B ^fig. 3) contained in one of the bandies of 
the machine. From this switch an insplated wire 
carries the current through a plug switch J back to 
the terminal K of the accumulator, thus completing 
the primary circuit. Tlie secondary circuit, in which 
the spark is actually produced, is simpler ; M and li 
are the terminals of the secondary of the induction 
coil, and are connected to the two platinum wires 
N and o of the Hpabking 
Plug shown on an enlarged 
scale in fig. 5. A well insu- 
lated wdre from one terminal 
of the secondary, l, nins to a 
metal cap A, fixed at the end 
of a porcelain cylinder B ; 
tlirough this runs a wire, terminating in the bent 
elbow o. The plug has a metal mount c, by means 
of which it can be screwed into the aperture pro- 
vided at the head of the cylinder (fig. 1 ). This metal 
carries the other wire N, w'Lich is therefore connected 
to the engine and frame of the machine, through 
which the secondary circuit is completed. The por- 
tions of both circuits which are formed by the frame 
are shown in fig. 3 by broken lines. The primary 
current, whi^ h only commences to flow when the 
circuit is completed by the movement of the contact 
breaker, is interrupted suddenly vrhen the cam Q 
(iig. 4) releases the end of the trembler o, and this 
sutlden interruption of the primary current induces 
an eleidromotive force in the secondary circuit, which 
is sufficiently high to cause a spark to leap across 
the gap N o between the wires of the sparking ping. 
Tlie primary current can be cut off entirely, and the 
sparking stopped eiiluT by the handle switch B (fig. 3> 
or by the plug swltt'h J. W'hen the rider dismounts 
for a time, or leaves the machine, it Is usual to take 
out the plug from the latter switch and keep it in 
the pocket; in the absence of the plug the current 
cannot be accidentally turned on. The exact instant 
at w'bich the spark occurs is of great importance. 
\Vlien the engine is running fast, ignition must occur 
earlier than when running slowly. The timing of the 
spark is effected by turning the contact breaker 
through an angle by means of a rod attached at one 
end to the case of the contact breaker, and at the 
other to a small handle placed within easy reach of 
the rider. See Motor Cycles. By this means the 
cam Q (fig. 4) comes into contact with the spring G 
earlier or later, as may be required, and therefore the 
time at which the spark occurs can be controlled. 

Larger engines are constructed on a somewhat 
different plan, though the main principles are essen- 
tially the same. Two or four cylinders are often 
employed, or in some cases e\en more. Diagrams of 
a tw^o cylinder engine (De Dion type) are given in 
figs. 6 and 7. The cylinders are each surrounded by 
a water jacket or space through which flows water, 
shown by dotted lines. From the jackets the water 
is led by pipes to a Hadiatob or cooler, an arrange- 
ment of tubes provided with external ^Is of metal, 
whose function is to increase the radiating surface. 
The water is then returned to a tank orreservoir, 
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Tin'o-CvLiKDER Water-Coolep Enoinb. 


Fio. 7. 


from which it again flows to the water jackets, tlie 
flow being maintained in most cases b}- a ]ni lup 
w’orked by the engine. The cranks c, o are forged or 
built up, and the flywheel is fixed on a projecting end 
of the crank shaft outside the cylinder. There is no 
driving pulley, but the power is transmitted cither 
by some form of clutch Y (fig. 7) or in other cases by 
gearing on the crank shaft. The half sfieed .shaft X 
is contained in a chamber a, a outside the crank 


chamber K, and carries two separate cams, one to 
each cylinder. Each cam actuates the rods, which 
open the corresponding exhaust valve of the cylinder 
to which it belongs. Access to the chamber can be 
obtained by removing the cover, which is bolted on 
by lugs hf b. The arrangements for producing the 


spark differ somewhat 
from those in a .single 
cylinder engine. The 
commutator is shown 
in fig. 8. A is the half 
speed shaft, carrying 
a cam plate B, pro- 
vided with two pro- 
jections G and D, and 
two recesses e and F. 
The cams engage the 
two ends of a rocker 
O, which carries a 
spring H, on which 
are platinum contact 
pieces at K. In the 
position shown the 
cam o is in action, 
displacing the spring 
or trembler H till it 
makes contact with 
the insulated terminal 



Pig. 8.— Coktact Breaker of Two- 
Cyumdeb Engine. 


L. After a quarter of a revolution, o will have 
moved into the position now occupied by D, and 


the latter will have engaged the other arm of the 
rocker at F, bringing the spring Ji into contact with 
the terminal M. Two coils are u.«5ed, one end of the 
primary of each being connected to each of the 
terminals M and L, and the secondaries to the 
sparking plugs of the respective cylinders. The spark 
is timed by turning the contact breaker by means of 
a IcvtT attached to the lug N, «i8 in the case of the 
one cylinder engine previoQsl} described. 

Tetrol engines are also constructed to work with a 
Two Htroke Cycle. They are someurhat less efficient 
than the four stroke type, but may be made of 
siuipler construction, and also to run slower; they 
arc suitable for small launches and motor boats, in 
which they are connected directly to the propeller 
shaft without any intermediate gearing. Their 
mode of action may best be folluwofl by commencing 
with the working stroke. The charge of gas is fired 
by a spark and the piston is driven forward; as it 
nears the end of the stroke it uncovers a port or 
opening in the side of the cylinder, which opens 
directly into the exhaust pipe, and the products of 
combustion commence to escape. The piston after 
advancing still further uncovers a second port, which 
communicates with a .space containing the explosive 
gas, which has already been slightly compressed 
(nde infra), and therefore commences to flow into 
the cylinder. A projecting plate, or Dbflectob, on 
the piston deflects this stream of gas towards the top 
of the cylinder, thereby preventing it from escaping 
by the exhaust port, and further helping to sweep the 
burnt gas out of the cylinder. At the instant the 
working stroke ends, the cylinder is thus mainly 
filled by the fresh mixture ; during the return stroke 
compression commences immediately the piston lias 
'^passod the two open ports, and is completed at the 
end of the stroke, when ignition again occurs, and a 
fresh working stroke begins. As there is an explo- 
sion every revolution, the contact breaker can be 
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£xed on the main shaft, and no gear wheels and half 
speed shaft are required. The preliminary com- 
pression of the charge requires special arrangements ; 
in some two stroke engines this is effected by a pump 
driven by the engine and communicating directly 
with the admission port. In another type the com- 
pression is produced in the crank chamber. During 
the up or return stroke of the piston the charge is 
drawn intb the crank chamber through an admission 
valve which closes immediately the down or working 
stroke commences, and the piston itself compresses 
the charge ; wdicn the piston has passed the admission 
port the gas enters the latter through a tube or 
channel leading from the crank chamber. The only 
valve in this type of engine is the one by wliich the 
mixture enters the crank chamber, and that valve is 
of the simplest construction and automatic in action. 
If the purity of the mixture could be maintained and 
loss of unburut gas through the exhaust port pre- 
vented, a two stroke engine should give approximately 
doable the jxiwcr (per stroke) of a four stroke engine 
of the same dimensions ; but in practice these con- 
ditioms are never fulfilled, and the power is little, 
if any, greater than that of a four stroke engine of 
the same size. 

Petpoleum Engines. Oil Engines. 

Petroleum, Mineral, or Rock Oil. An oily liquid 
found in the earth in many different parts of the 
world. From it arc made several important and use- 
ful iconimodities, such as the well known illuminating 
oil, gasoline, naphtha, benzoline, and other oils which 
arc more or less volatile; lubricating oils, va.seliue, 
and paraffin wax. The supply of petroleum to 
England is almost wholly confined to the United 
States and Russia. A little crude oil i.s im[x>rted, 
nnd is refined in the neighbourhood of Chester, hut 
nearly ali of the petroleum products are received 
ready for use. 

The origin of petroleum has been the subject of 
much speculation among scientific men, and various 
hyiKithcsos have been advanced to acc<iunt for it. 
The hypotbesifi which has obtained general accept- 
ance is that petroleum is wholly derived from 
organic matter, often from a mixed animal and 
vegetable origin with a considerable preponderance 
of the former in the case of Euroitcaii ]>ctroleums 
and of the latter in that class of which rennsylvania 
petroleum is a type. The oil as it comes from the 
earth varies in colour from a pale oil to a thick black 
substance, and in density from about 0-500 to 0*976. 
The chemical comptisition also varies largely, and 
18 usually quite complex, comprising the series of 
hydrocaibons known respectively as the paraffin and 
the olefine series. In some examples nearly the whole 
series has been found to be present, while in otliens 
the olefines may be entirely mis.sing. The quantity 
of carbon and hydrogen varies from 87 0 and 12-0 
xesi^octively, in the case of oil found in Java, to an 
average of 84*0 of carbon and 1 4*0 of hydrogen in Penn- 
sylvanian oil. The method of obtaining the oil varies, 
but often consists of sinking wells which sometimes 
are 1,200 to 1,600 ft. deep. Usually the sides of the 
wells are lined, in order to prevent water percolating 
through, but this is not always necessary. In some 
cases, as soon as a well is sunk to a certain level, 
there is a great gush of oil, which may last for some 
days ; but as a rule pumps are required to bring the 
oil to tbO surface. It is then conducted to storage 
tanks, and in a few cases put into barrels for con- 
veyance to the refinery, but more often it is forced 
through pipe lines to central stations, where it is 


refined. These pipe lines are in some cases 6 in. in 
diameter, and as much as three hundred miles in 
length. A series of pumping engines are stationed 
along the line, about four being required in every 
hundred miles. 

The refining of petroleum oousists of a system of 
fractional distillation. The crude oil is introduced 
into a still of simple form connected with a condenser, 
an apparatus consisting of an elaborated coil u]^n 
which sprays of cold water descend. Fires being 
lighted under the still, the lighter vajpours are first 
driven off, and are condensed in the coil or condenser. 
The first oil so obtained is crude naphtha, which is 
afterwards subjected to further distillation for the 
production of gasoline, benzene, and refined naphtha. 
The second product of the distillation of the crude 
petroleum is the source of the different burning oils. 
These are afterwards refined by agitating with sul- 
phuric acid and caustic soda or ammonia solutions, 
the Impurities uniting with the acid to form a tar, 
which is afterwards yin off. 

A third series of heavy oils are obtained from the 
still, and these are principally used for lubricating 
puiposes after the wax has been withdrawn. The 
process of obtaining the different varieties of oil, 
although spoken of here as resulting in three separate 
classes, may be further divided up or arranged to 
produce directly a much greater number of oils 
according to the properties of the crude oil under 
treatment. 

In the production of paraffin oils ($.w.) the process 
is essentially the same, excepting that the supply of 
crude oil, instead of being obtained from wells, is 
derived from bituminous shale by burning it in 
suitable retorts. In either case the distillation of 
the crude oil is proceeded with until there is nothing 
left but n little refuse in the shape of coke, and even 
this is of service for making fires on yachts and for 
domestic purposes, as it burns very brightly and 
gives off no smoke whatever. In some cases the 
coils used for condensing the vapours consist of a 
vertical network of coils of pipes through which the 
vapours pass, and are cooled in their progress simply 
by the action of the atmosphere. In others a shower 
or spray, produced by passing water from a tank 
through perforated plates so as to discharge over the 
coil, is used. Another form of condenser employed 
in the Scotch oil refineries consists of a long series 
of coils partly immersed in water. At various 
points upright water pipes are prorided, at the end 
of which are pivoted crosspieces perforated with 
small boles. The holes on one arm of the crosspiece 
look the opposite way to those on the other, so that 
the force of the water causes these crosspieces to 
revolve, thus discharging the water upon the coils 
in the familiar manner of a revolving lawn sprinkler. 
The effect is to condense the vapours much quicker 
than by the atmosphere. 

The heavier petroleum oils contain a considerable 
amount of paraffin wax, which is extracted by means 
of a refrigerating apparatus, in w-hich brine is cooled 
by means of ammonia to about 10® F. below freezing 
point. ITie oil is first passed through D-sbaped atmo- 
spheric coolers fitted with stirrers which assist the 
process bv constantly presenting a fresh surface to 
the cold air. The oil is then brought into contact 
with the cold brine, when the wax solidifies. It is 
then passed through filter presses and subjected to a 
pressure of about Wo tons to the square inch. This 
squeezes out most of the oil, and leaves behind in 
the presses the crude wax, which in this condition is 
call^ ** PAJLiFFiK ScALB."' In Scotland considerable 
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quantities of this scale are refined, including that 
which is derived from the shale oil and that which 
is imported from America. The first process of 
refining the scale is to melt it in a tank heated by 
steam, and then to run it into shallow metal trays, 
where it is allowed to cool. The trays are then 
taken to the “ sweating room,” where the wax is 
placed on strips of hemp cloth, cocoanut matting, 
or other open fabric, supported in trays which are 
slightly inclined, and are fitted with channels so 
that the oil which is sweated out of the wax can run 
away. The heat varies from 80° to 100° F., and in 
from eight to twenty-four hours the process is com- 
plete. The melting point and absence of colour de- 
termine to a great extent the quality of ]wiraffin wax, 
and the various grades are obtained by “ sweating ” 
at different temperatures. The oil which exudes from 
the wax is usually passed through a filter press, 
when it yields a further supply of scale, which in 
turn yields wax of a lower melting point. I'arafiin 
wax is largely used by candle manufacturers, by taper 
makers, for making imitation i)archment paper, and 
as an insulating agent in electrical work. Vaseline 
is another petroleum product, and is of great use 
in medicine, fitr Vasklink. 

Liquid Fuel, which is gradually coming into ex- 
tensive use on stoamship.s, locomotives, and stationary 
engines, consists of the residue of petroleum after 
the lighter and burning oils have been withdrawn 
by distillation. Most of the petroleum lubricating 
oils (see LUBRICANTS) arc mixed with various other 
oils, animal or vegetable, or both. Thus an oil suit- 
able for lubricating dynamos may be made by mixing 
cocoanut oil with mineral oil of specific gravity 
•908 and *885. Tetrol employed in motors is a 
mixture of vanou‘» light i>etrolcum distil httes, and 
should have a specific gravitj" of about *7. Volatility 
and homogeneity of boiling points arc, however, the 
most reliable tests of the quality of petrol. 

Nearly every country has very stringent laws regu- 
lating the storage and sale of the lighter jxjtroleum 
oils. In England oils giving off an inflammable 
vapour at over 7.‘l° F. when tested by the Abel close 
test apparatus aie practically free from restrictions ; 
but in most other countries the flashing jioint 
is higher, commonly ICXF F. Various attempts 
have been made to amend the English law in this 
respect, but a section of the oil trade have thus far 
successfully opposed the ]jroposaI. The paraffin oil 
trade — a term generally U'^ed in connection with the 
Scotch shale oil industry — have always produced 
Illuminating oils of high flashing point, — A. S. J. 

Petrology or Petralogy The branch of 

geological science which is concerned with the study 
of rocks. Strictly speaking, the word denotes the 
study of the larger features of rocks as they occur 
in the field, without regard to their intimate struc- 
ture as revealed in the laboratory by means of the 
microscopic examination of thin sections of the rocks 
under polarised light or by other means. This latter 
study, which has now attained to great importance, 
was originally, and should still be termed, Lithology. 

Peu(Arttwc). A little. 

Phalerss (Arc?iafol.') Bosses or discs, generally of 
precious metal, worn by the Greeks and Bomans 
upon helmets, and sometimes on breastplates. 
PhalersB were also attached to the harness of horses, 
and were worn by Homan slaves. 

Pharynx {Zool.) Tlie cavity at the back of the 
mouth leading to the (Esophagus, and also to the 
Qlottib or opening of the win,dpi]:>e. 


Phase iPhys . ) If a particle be describing a Simple 
Harmonic Motion, and the displacement be defined 
by the equation a? » p sin then the angle 0 (which 
is equal to tat) is termed the Phase. The angle ^ 
may be measured from any fixed radius of the Circle 
of lleferenoe. See Simple Harmonic Motion. 

PhaseoluB {Botany). A genus of Leguminoeaty 
including the various species of beans. 

PhsLse Rule {Ciiem.') (1) Phase : Lot some salt 
and water be placed in a stoppered bottle, and let 
there be more salt than the water can dissolve, and 
let the amount of salt and water be insufficient to 
fill the bottle. Then, the bottle being closed, we 
shall have present in it a homogeneous solid — the 
undissolvcd salt : a homogeneous liquid — the satu- 
rated solution of salt; and a homogeneous gas — 
vapour of water and some air. £adi of these is 
called a phase. Bujipose now sugar and ether are 
added to the contents of the bottle, the sugar being 
more in amount than can be dissolved by the w.atcr, 
and that the bottle is still not full. Then there are 
two solid phases — salt and sugar ; two liquid phases — 
an aqueous solution of salt and sugar and a Layer 
of ether; one gaseous phase containing air, water 
vapour, and ether vajxiur. Thus in any system every 
homogeneous solid in the system is a pliase, so also 
is every liomogcneous liquid, while there can only be 
one gas phase. (H) C’omponentsj : Every independ- 
ently variable substance in a system is a component. 
Suppose the bottle to contain only salt, water, and 
w'ater vapour, then tliere arc Iwru components. Again, 
imagine a sealed flask (‘ontaining tolid ammonium 
chloride and exhausted oC air. Let it be heated to 
such a tem)>erature that a part of the ammonium 
chloride vaporises and forms ammonia and hydro- 
chloric a^-id gas. In this case there is only one 
comptment, viz. for the ammonia 

cannot be i>re.sent except there is an equivalent of 
the acid ga.s, and the composition of the gas phase 
is identical witli that of the solid phase. But if 
ammonia gas were introduf^d into the system, then it 
would become a system of two components. (3) De- 
grees OF Freedom : The only conditions which 
can effect a change of the equilibrium in a system 
according to the phase rule are temperature, pressure, 
concentration of components. The number of thc.se 
remaining to be fixed before the state of the system 
c^msidcred becomes fixed and determinate is called 
the degrees of frcc<lom of the system. I^t P, C, and 
F denote respectively the number of .phaacs, com- 
ponents, and degrees of freedom in any system which 
is i?i cyvilibriunif tlten the phase rule is 

P + F =» C 2. 

From this it is clear that in a system in equilibrium 
of one component there can never be more than two 
degrees of freedom nor more than three phases. 
Example: If ice, water, and water vapour exist 
together in equilibrium, the system has no degrees 
of freedom (invariant system), and any change of 
temperature, pressure, or concentration would mean 
that at least one phase must disappear. Suppose 
there are two components ; then lour phases can 
exist in equilibrium, but in this case the system is 
invariant: three phases oould exist together with 
one degree of freedom (nnivariant system), etc. 
Example : Let the two components be sodium sul- 
phate and water; then four phases which could 
exist together in equilibrium would be anhydrous 
sodium sulphate, QlaubeFs salt (Na^SO^lOH^O), a 
solution of Bo<Hum sulphate of a particular concentra- 
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tioiif water vapour at a definite and fixed presrare 
— Bay p.mm. Let the vapour pressure be reduced 
to p'.mm. and remain constant at this; then the 
aystem will change until a new equilibrium is set 
up, and the change will be very complex — the 
solution must become more concentrated, and this 
would involve the solid phases, one at least of which 
would disappear — while thermal changes also must 
occur. The state of a system is conveniently repre- 
sented by diagrams. I’he above two component 
systems can be represented by two diagrams. 



Diagram 1. Diagram 2. 


The first of th(-se represents the solubilities of Naj,SO^ I 
(E D A), of NiuSO 71LO (c d;, of Na.^S0^10H,0 
(A B). The second represents the vaxiour pres- 
sures of the solution of (A d), of the 

solution of CA b), of the solid } 

Ka-^SO^lOHjO (A (j), of the solution of Xa^SO^TlLO ' 
(c D), of the solid NaglSO^TlIjO (D P). I’he equi- 
librium of the four phases leferred to above is indi- 
cated by tlu* jioint A (quadruple point) in the two 
dii^rams. It is clear there is another quadruple 
point D. where the four phases — solid solid 

NajS()^7If:,0, solid of Na^SO^ of a iwirtii-uhir concen- 
tration, water vapour at a particular pressure denoted 
by the point u in Diagram JI, — can exist in equi- 
librium. The pluise rule is of great ser^’ice in 
studying the various hydrates of salts and the forma- 
tion of salt deposits, such as those at Ktassfurt, and 
in studying alloys such as tlie copper tin alloys and 
the carbon iron alloys. It will be noticed that the 
phase rule does not distingui.sh between physical 
and chemical changes, and tliat it takes no account 
of the muss of any phase ; but the mass mu.st not Ih) 
so small that surface tension effects interfere with 
the changes. 


It is prepared from mranitrophenol ; the potassium 
salt of the latter, on boiling with alcohol and potas- 
sium ethyl sulphate, gives paranitropbenetole, which 
on reduction gives paramidophenetole ; and this com- 
pound when boiled with glacial acetic acid gives 
phcnacetin. 

Phenanihrene. 



A white crystalline solid (plates) ; melt.s at 99® ; 
slightly soluble in water; easily soluble in ether, 
benzene, and hot alcohol; its solutions have faint 
blue fluorescence. Forms a picrate which melts at 
140®. Forms substitution products with chlorine, 
iiitro-derivatives with nitric acid, and sulphonic acids 
with sulphuric acid. On oxidation with chromic 
acid it gives phenanthraquinoue, 

0-0 

CO CO 

a yellow crystalline (needles) solid, which melts at 
lOV. This compound on further oxidation gives 
di phonic acid, 

0-0 

COOH coon 

and diphenic acid when heated with soda-lime gives 
diphenyl, Cglls — These reactions show that 

phenanthrenc is a diphenyl derivative, and as phenan- 
threne can be obtained by passing dibenzyl or stilbenc 
through a red-hot tube, its constitution must be repre- 
sented as abo\ e. 

C,IT,.CH, c,ir,.CH cji,.cn 

I I II II 

CeHs . CH. . CII . CH 

It occurs in crude anthracene, from which it can be 
separated by carbon disulphide — in which it is more 
.soluble tban anthracene — and purified by conversion 
into the picrate. Morphine is a phenanthrene 
derivative. 


PhaBes of the Moon {Affron,) Apparent changes ' 
in form of the illuminated portion of the moon i 
turned towanls the Earth, due to the moon's motion j 
round the Earth. { 

Phase Splitter (Kleet JCng.) A dc\ice for pro- j 
ducing a dilfercnce of phase between two alternating | 
currents which were originally in the same phase, or 
which were derived from a single alternating current. 

A phase splitting device is often used in starting a 
single phase alternating current motor. 

Phellogen (JMang). Sre Oaubium. 

Phenecetin {Chem,) raracetamidophcnetole, 
CH-CONHC^ll^OCyij. A white crystalline (scales) 
solid ; melts at 135® ; very sparingly soluble in water ; 
soluble in alcohol and glycerine. It is used in 
medicine to relieve pain. Strong sulphuric acid 
converts it into ethyl acetate and paramidophcnol, 

0BLC0NHC.n,0C.H5 + H,0 = CH.COQOjH^ -h 
HjS.CeH.OlL 


Phenetole ((V/^ya.) C 6 H 30 C.,Il 5 . The ethyl ether of 
phenol. It is a colourless oil which boils at 172°. 
It may be obtained by the action of ethyl iodide on 
potassium phenate. 

Phenol iChem.') Carbolic acid. Forms 

colourless prisms; melts at 42°; boils at is 

volatile in steam ; lias a characteristic smell ; blisters 
the skin ; is very poisonous ; largely used as a dis- 
infectant. Soluble in water (1 part in 14 parts 
w'ater) ; more soluble in the usual organic solvents, 
alcohol, ether, benzene, etc. It is deliquescent. 
When exposed to air and light it turns rod. Chlorine 
and bromine yield symmetrical trichlor- and trl- 
brom-phenol, 0glI..Br,6H; in presence of a halogen 
carrier chlorine \vill yield higher chlorinated pro- 
ducts, while ill alkaline solution it breaks the 
benzene ring. Sulphuric acid probably forms phenyl 

sulphuric acid, this undergoes 

rearrangement to ortho- and para-phenol sulphonic 
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acids, IIOCeH^SO^OH. Salts of phenyl salphnric 
acid are known, and ‘potassium phenyl sulphate, 

occurs in urine. Nitric acid gives a 

mixture of ortho- and para-nitrophenol ; stronger acid 
gives picric acid (^.e. ) The phenyl ^oup confers slight 
acid properties on the hydroxy] nydrogen atom, so 
that phenol unites with powerful bases to form salts : 
e.g* with caustic soda and caustic x>otash it forms 
Bodlom and potassium phenates, C^^H^ONa and 
CJI^OK; hut it will not react with a carbonate. 
Like an alcohol, phenol forms ethers with other 
alcohols ; e^g, potassium phenate and methyl iodide 
give pheny] methyl ether (anisole), CjH-OCH, {see 
aUo Phbnetole) ; with acids (better, ucia-chlorides) 
it forms esters, r.y. : 

C^^OH + CIOC.CH, * CH.COOCfiHj + HCl 

Phenyl Acetate. 

Ferric chloride imparts a violet colour to its solution. 
Concentrated sulphuric acid, followed bj' a solution of 
a nitrite, gives a deep red colour with phenol, which 
turns blue with alkali (Liebermann’s Reaction). For 
other reactions relating to phenol, »ee Salicylic 
Acid, Picric Acid, Nitbo Compounds, Xitkoso 
Compounds. The chief source of phenol is coal 
tar. See GAS Manufacture, p. 248. It can be 
obtained from benzene-sulplionic acid by fusion 
with caustic potash ; also by boiling diazobenzene 
sulphate (sec DiAzo Reactions) with water. 


Phenolphthalein {Chem.) 


/ c,n,0H 

.C -rgH.OII 


Small yellowish white crystals ; melts at 250® ; in- 
soluble in water; soluble in alcohol. It is prepared 
by heating together 5 parts phthalic anhydride, 
10 parts phenol, and 4 parts concentrated sulphuric 
acid for several hours at 116 to 120°. The product is 
extracted by boiling with water, tbe insoluble part 
dissolved in caustic soda solution, and tbe phenol- 
phthalein precipitated from this solution by neutral- 
isation with acetic acid and a little hydrochloric 
acid. That it has the above constitution is shown 
by its preparation from phthulopheuone. 


C«H, 






'CO/ 


by successive nitration, reduction, and diazotisation. 
^ Phthaleins. Phenolphthalein is a valuable 
indicator (y.r.) ; it is specially useful in the titration 
of weak acids by strong alkalis; it shonld not be 
used with weak bases. Excess of a .strong alkali 
decolorises it. For its use as an indicator and the 
theory of its action, tee Indicators. 

Phenols ( Chem ,') A class of compounds derived 
from benzene or from homologues of benzene by 
replacing one or more hydrogen atoms of the benzene 
nucleus by hydroxyl groups. For examples tee 
Phenol, Picric Acid, Thymol, Ckesols, Cate- 
chol, Hydroquinone, B^csobcin, I^yrooallol, 
Phloboglucin. 


Phenyl (CTum.') The name given to the group 
CgHj, derived from benzene by removal of any one 
atom of hydrogen. The group has no independent 


existence. The word is much used in naming bensdiie' 

derivatives, e . g . 


CHAHa 

1 

/C.H 

hc4-o,h! 

COOH 

Phenylacetic Acid. 

Triphcnylmcthone. 


Phenylene (Chem.) A name given to the group- 
which is deriv^ from benzene by the removal 
of any two of its hydrogen atoms. When tbe two 
hydrogen atoms removed are adjacent, the residue is 
called orthophenylcne ; when next but one to each 
other, metaphenylene ; when opposite, paraphenylene,. 
The group has no independent existence. 


Phenylenediamines There are three of 

these compounds, vis . 

C . NHa 

Orthophenylcne- 1 M.P, 102®, B.P. 252®. 

diamine IlCSy/ CIl 


Metaphenylene- 

diamine 


Paraphenylene- 

diamiue 


CII 

c . NnJ 

HC/^CH 

I M.P, 63®. B.P.287° 
UCk^yCNIlg 
CH 

C. NHj 

M.P. 147® B.P. 267®. 

nCVs^CII 
C . NH, 


They are all white crystalline (plates) solids ; soluble 
in water ; more soluble in alcohol and ether. They 
are diacid bases. Tftc ortho^comptmnd Benzaiiilide i.s 
nitrated, the product saponifieil and distilled in 
steam, wdien orthonitraniline distils over; this is 
reduced by caustic sod.a and zinc dust. 


C^HcNHCOCcHs 

C,H,NOjNIl2 CeU,(NH,), 

The orthonitraniline c;iu also be prepared by heat- 
ing orthonitrophenol with ammonia under pressure. 
With nitrous acid it gives azimidobenzeno ; 

Nil, / N : XOTI 

CM +ONOn-C.ILx +11,0 

vNH, ■ 

.N:NOH N, 


c.n,< 






' C.H. 


Aziinldobenzene. 


+ H,0 


On oxidation it gives unsymmetrical diamiuophen- 




N 




meta-compmnd is obtained by redaction of meta- 
dinitrobcnzcnc with tin and hydrochloric acid. See 
Nitrobenzene. With nitrous acid it yields Bismarck 
Brown O/.u.) T/m? para-oempound is obtained by 
nitrating acetanilide in presence of much sulphuric 
acid at a low temperature ; the paranitracetanilide is 
hydrolysed, and the resulting paranitraniline ^uced 
by tin and hydrochloric acid. It is also obtained by 
heating phenylhydrazine with hydrochloric acid at 
20(P. For its reaction with ferric chloride and sul- 
phuretted hydrogen tee Lauth’b Violet. It is 



FHB 


519 


FHL 


oxidised by manganese dioxide and snlphnric aoid to 
quinone. A hypochlorite gives qninone dichlorimide, 
CIN : CgH, : KCl. Its dimethyl derivative (para- 
dimethyipuenylenediamine) is used in the pre- 
paration of methylene blue and is prepared 

by reducing nifrosodimethyl aniline. See Niiboso 
COMPOUNDA, 117DAM1NSS, SAFFBANINB. 

PhanylhydFaziiia ( Chem.) > N . NH, 

Colourless prisms or plates ; melts at 23° ; boils at 
246°, with decomposition ; peculiar smell ; sparingly 
soluble in water; easily soluble in alcohol, ether, 
etc. It is a base, forming well crystallised salts* e.ff, 
phenylhydrazine hydrochloride, : NH,HC1. 

It reduces Fehling's solution. Zinc dust and hydro- 
chloric aoid reduce it to aniline and ammonia. 
Boiled with copper sulphate or ferric chloride* it | 
yields benzene. With aldehydes and ketones it yields 
hydrazones ( j'.v.) With sugar it yields osazoncs (^.e.) 
For its reaction with aoetoacctic ester, see vnder 
Ethtlacetoagetate. It is very important as a 
reagent for aldehydes, ketones* and sugars ; also in 
the preparation of antipyrine Oj,v,) It is prepared 
by dlazotising aniline with hydrochloric acid and 
sodium nitrite (see DiAZO llBACTroNS), and reducing 
the diazobenzone chloride with tin and hydrochloric 
acid ; this gives phenylhydrazine hydrochloride, 
which is filtered oft dissolved in water, decomposed 
by j)0ta8h, and extracted with .ether. The ether is 
distilled off, and the base fractionally distilled 
under reduced pressure. 

Phenylitocyanate ^Chem.) : CO* Carbanix. 

A colourless liquid ; boils at 166° ; ^nctrating smell. 
It reacts with compounds containing hydroxyl and 
amino groups to form substituted ureas, c.y. 

2C,H5N : CO + HOH = (CJIfi • H . N),CO + CO, 
CeH,.IlN\ 

CJKK:CO + >^H, = \CO. 

k;s/ 

Hence it is used in determining the presence of these 
grou{Mi in compounds, and also sometimes in isolating 
such compounds from mixtures. It is prepared 
by acting on diazobenzeue chloride (see Hiazo 
Keactions) withpotassiumeyanate and finely divided 
<;(»pper ; also by heating phenyl mustard oil (see 
Mustard Oils) with mercuric oxide. 

Phenyliiocyanide ( Chem,) C,HiNC, Phcnylcarbyl- 
amine. A colourless liquid ; boils at 166*' and X)oly- 
merises; boils unchanged under reduced pressure; 
powerful and offensive smell, which causes sickness ; 
on keeping it turns blue in colour and resinises. 
On heating at 220° it undergoes rearrangement to 
phenyl cyanide, C.HftCN; on reduction it yields methyl 
aniline. It is obtained by heating aniline with 
chloroform and alcoholic potash. 


forms pyiazole derivatives, hydiaadne hydsate 
gives 3-phenylpyzazolon. 

H 

N N 

C.HjC'^^CO. 

CHj 

It is obtained from dibromcinnamic acid (see 
Cinnamic Acid) by boiling with alcoholic potash. 
The ortho-nitro phenylpropiolic acid is similarly 
obtained from orthonitrocinnamic acid dibromide; 
alkaline reducing agents* e.ff. grape sugar and caustic 
potash, convert it into indigo. 

Pheon (Her.) The barbed iron head of spear or 
arrow* engrailed on the inner side, generally with 
point downwards. 

PhigaleiaB Marbles (Sculp,) The name given to 
the sculptured ‘frieze of the cella of the Temple of 
Apollo at l^hlgalia* in Arcadia. It was brought to 
this country early in the nineteenth century, and is 
now in the British Museum. Represents contests 
between the Centaurs and Lapithie. See Elgin 
Mabbles^ 

Phlexine. See Dteb and Dyeing. 

Phloridzin (f^sw.)* White crystalline 

solid (needles); melts at 108°; sparingly soluble in 
cold water, easily soluble in hot water and in alcohol. 
Lgevorotatory. Hydrolysed by acids to glucose and 
phloretin. The latter is the phloroglucinol ester of 
paraoxvphenylpropionic acid. HOC,H4CHj. CH^, 
COOH,' When phloridzin is administer^ it gives 
rise to a condition known as phloridzin diabetes. In 
this condition far more glucose is excreted in the 
urine than csin be accounted for by the hydrolysis of 
the phloridzin ; and phloretin itself, which contains 
no glucose residue, can produce phloridzin diabetes. 
It is supposed therefore that the glucose arises from 
protopla-^mic metabolism. Phloridzin wcurs in the 
root bark of a number of common fruit trees, such 
as the apple, cherry, pear, and plum ; it can be 
extracted from these bsirks by dilute alcohol. 

Phloroglucinol (them,) (1:3: 5-trihydroxy- 
benzene) 

c . on 

ECi^^Cn 

tautomeric form 

HO.cls^C.OH 

CU 

CO 

U,C|^Cn, 

I (1:3; 5-tTikctohexamcthylene). 

Qll., 


/H Cl\ /Cl 

CJIjNC + +3KOH=:C6lT,NC + 

\h Cl/ \I1 

3KCl-*-3HjO. 

This reaction is used as a test for chloroform or 
aniline, as the smell of the isocyanido is unmis- 
takable. 

Phenylpropiolie Acid (Chem,) C^H^C : C . COOH. 
A white crystalline solid; melts at 136°; heated to 
120“ with water it gives phcnylaoetylene, C0H5C : CH, 
and carbon dioxide ; on reduction with sodium and 
alcohol it gives oinnsunic acid ; with hydrazines it 


Crystallises in colourless prisms with two molecules 
of water ; loses its water at 100° and melts at 218° ; 
soluble iu water, alcohol, and ether; sweet taste. 
Its aqueous solution is coloured violet by ferric 
chloride, and is resolved by passing in chlorine into 
dichloracctic acid and tetrachloracetone. Its alkaline 
solution absorb oxygen and reduces Fehling’s solu- 
tion. Phloroglucinol yields a triacetate with acetyl 
chloride. With hydroxylamiue it reacts in the tauto- 
meric form and yields a trioxime. In the form ot 
Gunsberg's reagent it is used as a test for free hydro- 
chloric acid in the gastric juice. When the reagent 
(2 parts phloroglucinol, 1 part vanillin, 30 parts 
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rectified spirit) is warmed with the liquid to be tested, 
it gives a red colour — sensitive to 1 part add in 10,000. 
It is also used, mixed with hydrochloric acid, as a 
test for pentoses, with which it gives a red colour 
with a characteristic absorption band. It is formed 
when quercetin, gamboge, dragon's blood, and other 
resins are fused with caustic potash. To prepare it, 
resorcin (y.e.) is fused with caustic soda, or sym- 
metrical trinitrobenzene is reduced by tin and hydro- 
chloric acid, and the re.sulting double salt of triamido- 
benzene and tin hydrochlorides hydrolysed by caustic 
soda. It is also obtained by fusing ethylphloro- 
glucin tricarboxylate with caustic potash. See 
Malonic Acid. 

Pboboi (Astron.') The inner satellite of Mars. 

Phone. A colloquial contraction for Telephone. 

Phonograph. A machine for recording and re- 
producing definite sounds. To produce a Hecobd, 
the voice or sound to be recorded is made to set 
in vibration a light diaphragm, carrying a sharp 
tracing point or style, which makes contact with a 
cylinder coated with wax. This cylinder is caused 
to revolve, and the recorder to slowly tnivel from one 
end of the cylinder to the other. As it does so the 
movement of the style cuts a groove, whose depth 
corresponds to the vibrations of the diaphragm. 
If the sharp point be replaced by a smooth ended 
needle, which is allowed to rest in the groove, the 
motion of the cylinder will cause the style, and 
therefore the diaphragm, to reproduce its original 
vibrations, and thereby reproduce the sounds wliich 
caused these vibrations with more or less fidelity. 
The instrument is frequently sold under the nauic 
Gbaphopbone, land large numbers of records of 
all kinds can be obtained. In the Obamaphone 
the records are formed on a fiat rotating disc, but 
the essential principle remains unaltered except that 
records cannot be made by the u.ser. 

Phonolite ( In its original sense it meant 
any rock of eruptive origin wdiich clinked or gave 
forth a kind of metallic ring when struck with a 
hammer. At the present day the term is restricted 
to an eruptive rock (generally, if not always, of 
trappean mode of occurrence, i.e. intrusive), which 
consists of a lithoidnl ground n(a»H agreeing in 
mineral constitution with tiyenitc.s and Trachytes 
(g.r.), but which contains the mineral Nepheline. 

Phonnium (^Botany'), The generic name for New 
Zealand flax. 

Phorone(iC7/<?m.) 

g”»>C:Cn-CO..CH;C<[;H^ 

Yellow prisms (it contains the group — C— C— C — 

i i! 

like quinone); melts at 2d°; boils at 197°; smells 
like geranium ; soluble in alcc^bol and benzene. 
Boiled with dilute sulphuric acid it yields mesityl 
oxide and acetone; heated with strong sulphuric 
acid, mesitylene. Like a ketone, it unites wdth 
sodium lo'drogcn sulphite, forms an oxime, and 
unites with hydrocyanic acid (KCN solutifm and 
HCl). It is obtained, along with mesityl oxide 
(/jr.r.), by the action of hydrochloric acid on acetone, 
and is separated by fractional distillation from the 
mesityl oxide, which only boils at 132°. 

Phosgene Gat (Chem.) An old name for Cab- 

BOKYL CHLOBIDE (^.17.) 


Phoigenite (UTia.) A chloride and carbonate of 
lead, PbClj . PbCO,. White or grey, sectile ; from 
Cromford in Derbyshire, Elgin, Cornwall, etc. Also 
called Cbomfobditb. 

Photphate of Iron {Min,') See YlVlA^*lTE. 

Photphate of Lead {Min.) See Pybomobphitb. 

Photphate of Lime (Min.) See Apatite. 

Photphatet (Chem.) Salts of orthophosphoric 
acid, ifaPO^. See under Phosphobits Compounds. 
The individual phosphates, wdien they are of import- 
ance, are described under the corresponding metal. 
See Sodium Compounds. Calcium Compounds, 
Magnesium Compounds. 

Photphaiio Nodolet ( Oeol.) These are often, but 
erroneously, spoken of under the name of Copbolite. 
They consist essentially of calcareous matter, con- 
taining a sufficiently high percentage of phosphoric 
acid to be of commercial value in the manufacture of 
artificial manures. Tlie phosphoric acid seems to be, 
in nearly all C2ises, of organic origin ; but the precise 
mode of formation of the nodules is not yet well 
understood, important deposits of phosphate of 
lime arise from the prolonged action of guano upon 
limestone islands in the rainless regions of the 
Pacific. Others may be duo to the decomposition on 
the ocean floor of large numbers of fish which have 
b<*en killed by a stidden change of temperature of the 
sea water in which they lived. 

Phosphides {Chem.) Compounds formed by the 
union of phosphorus and one other clement, e.g. 
calcium phosphide. See CALCIUM COMPOUNDS Mul 
Holmes's Signal. 

Phosphine {Chem.) A name for phosphoretted 
hy<lrogcii. Sie under PiiosPHOBl’s COMPOUNDS. 

Phosphines (Chem.) Compounds derived from 
phosphine (phosphoretied hydrogen) by replacing llie 
hydrogen bviilcoljol radicals, e.g, is tricthyl 

phosphine, is ethyl phosphine, 

Phosphomolybdic Acid ( CJtem.) See Molybdenum 
AND ITS Compounds. 

Phosphonium Compounds {Chem.) The name 
phosphoniuin is given to the group ril^, from 
aiiiilogy wdth the group NH,, which is callcil 
ammonium. UiiospHONlUM CilLOlllDE, ril^Cl, does 
not exist under the ordinary conditions of tempera- 
ture and pr€‘ssure. it is formed by the union 
phos|>hoTetted hydrogen and hydrogen chloride either 
at —25° or under a pressure of 20 atmospheres at 
the ordinary temi>erature. THaPPHONiUM Bromide, 
ril^Br, is a white crystalline solid which dissociates 
into phosphoretted hydrogen and hydrogen bromide 
at its melting ix)int, viz. 30'^ ; it is decomposed by 
water into the same substances, and it is formed 
from them by direct union at the ordinary tempera- 
ture, Phosphonium Iodide, PHJ, is a shining 
crystalline solid; ea.sily sublime.s on warming; boils 
at and dissociates into jibosphoretted hydrogen 
and hydriodic acid ; dccompisful by water into the 
same substances ; w'arnied with caustic potash it 
gives phosphoretted hydrogen. See PuoiSPnOBua 
Compounds. It is formed by dissolving phosphorus 
and iodine in carbon disulphide in a retort, e\aj>or- 
ating the solvent in a stream of carbon dioxide, and 
gently heating the residue, with gradual addition of 
water. The phosphonium iodide sublimes. The 
carbon dioxide is to exclude air, and materials and 
apparatus must be dry. Phosphonium iodide is used in 
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the preparation o£ organic derivatives o£ phosphorus, 
such as trieth jlphosphine See PhoBPUOBUS 

OOHPOUKDS. 

Phosphor Bronio {Met,) Bronze containing 2 to 
5 per cent, of phosphorus. It is very hard and 
durable, and stitable for parts of machinery exposed 
to shocks. As its electrical conductivity is good, it 
is employed for telephone wires, etc., being much 
stronger than pure copper. 

Phosphorescence {Phys,) Certain substances, 
after exposure to light, exhibit a degree of 
luminosity for some time. This property is termed 
PHOSPHOBBdCBKCE. The sulphides of calcium, 
barium, and strontium are examples. 

Phosphoretted Hydrogen iChem.) See Phos- 
PHOUU8 Compounds. 

Phosphorus (Chem.) P. Atomic vreight, 31, A 
colourless crystalline solid ; but ordinarily it is 
slightly yellow and translucent ; melts at 44% and 
su&imes below this temperature in an atmosphere 
which does not act on it ; boils at 200° ; it has a 
vapour density corresponding to the formula at 
and to the formula P„ at 1,750°. Phosphorus 
is insoluble in water, slightly soluble in ether and a 
number of oils, easily soluble in carbon disulphide. 
It is very poisonous, and on this account is used 
a.s a vennin killer. The “phosphorus paste” used 
for this purjiose consists of fat mixed with a little 
phosphorus, and usually flour and sugar and a colour. 
Its vapour also is dangerous, as it attacks and destroys 
the jawbt»neB u£ people such as matchmakers, who 
are constantly exposed to its action. Phosphorus 
unites directly with many elements. With oxygen 
it unites with extreme case in presence of moisture, 
but not at all in the total absence of moisture. The 
luminosity of phospbonis seen in the dark or in a 
feeble light is due to a low temperature flame arising 
from the slow combustion of the phosphorus in moist 
air or oxygen ; in oxygen at atmospheric pressure 
phasphorus is not luminous, but t>ccomes .so on 
reducing the pressure or on warming. The glow’ of 
jihosphorus is prevented by the presence of small 
quantities of easily oxidi.sable gases and vaiwurs. A 
l)iocc of phosjfliorus left exposed to air will take fire 
spontaneously on standing; on warming, it ignites 
lit 60°, forming chiefly the pen toxide; on this account 
phosphorus is kept under water. J’be products of 
this slow oxidation are phosphorous oxide, phos- 
phoric oxide, ozone, and hydrogen peroxide; the two 
• >xides unite with water, and give phosphorous and 
phosphoric acids. Tliosphorus reavlily unites with 
all the halogens ; iwline put upon phosphorus sets it 
on fire in air; phosphorus dropi)ed into bromine in- 
stantly unites with it with a loud explosion, and it 
bums st>ontaneously in chlorine and fluorine. Tlaced 
in solutions of s.ilts of metals with easily reducible 
oxides, phosphorus precipitates the mcUl, which in 
some cases unites with the phosphorus to form a 
phosphide, e.g, it ])rccipitate8 silver from silver 
nitrate — Stas prepared pure silver in this way; it 
precipitates copper from copi»er sulphate, aiai the 
copper unites wdth the phosphorus to form a phos- 
phide. For the action of alkalis and nitric acid, see 
Phosphorus Compounds. Ordinary phosphorus 
under the influence of heat and certain catalytic 
agents (a trace of iodine or phosphorus tribromidc) 
changes to the red moflilication. This red phosphorus 
consists of very small ciystals, and is insoluble in 
those solvents which dissolve ordinary phosphorus, 
is not poisonous, takes lire at a much higher tempera- 


ture in air, and in general reacts slowly with those 
elements and compounds which react rapidly with 
ordinary phosphorus, and has a much lower vapour 
pressure and higher melting point than ordinary 
phosphorus. As yellow phosphorus changes with 
extreme slowness at the ordinary temperature into 
the red modification, it is probable that the red form 
is a polymer of the ordinary form. To obtain the 
red form in quantity, ordinary phosphorus is heated 
out of air at 260° or over ; at 300° the change is very 
rapid. Over 350®, when the vapour pressure of the 
red form becomes very appreciable, this form is re- 
converted into the yellow form. lied phosphorus is 
soluble in a solution of caustic potash in dilated 
alcohol, and hydrochloric acid reprecipitates it from 
this solution. Yellow phosphorus is used in tipping 
ordinary matches; red phosphorus is used on the 
rubber and not on the tip of the match in making safety 
matches. Phosphorus occurs naturally as phosphates. 
See inider Apatite ; Calcium Compounds ; Phos- 
phorite ; Wavellite. It also occurs in bone {$ce 
Bone Ash) and in nerve tissue (see Lecithins). 
Phosphorus is obtained by heating an intimate 
mixture of calcium i>hosphatc, carbon, and sand in 
an electric furnace with carbon electrodes, and con- 
densing fhe phosphorus vapour under water in copper 
I vessels ; the yield is about 86 per cent. It can be 
i obtained in the laboratory by heating a mixture of 
I aluminium powder (2 5 equivs.), sodium metaphos- 
I phate (6 equivs.), and silica (2 equivs.) in a porcelain 
j Itoat contained in a piece of combustion tubing, in a 
; stream of dry hydrogen. The phosphorus is condensed 
; in a receiver attached to the combustion tube : 

I GNaPOj + lOAl + 3SiO., = 3NaSi,0, + 2Aip, + CP. 

PhoftphopuB Compounds. With Hydrogen : 

; Phosphoretted hydrogen nr phosphi7U‘t PH, ; a colour- 
j less gas; melts at —134°; boils at —8,5®; character- 
! i.stic smell (variously described as like that of putrid 
fish or like garlic) ; very poisonous ; slightly soluble 
in water; takes fire in air on slight heating or in 
oxygen on sudden reduction of pressure, and forms 
metajdiosphoric acid and water, 4 PH, + 160 « 

! + eHJ) = + 4H2O ; decomposed to 

phosphorus and hydrogen on lieating. It has feebly 
basic properties, and unites directly w’ith hydriodic 
acid and hydrobroraic acid at the ordinary tempera- 
ture and pressure, but only at —25° with hydro- 
chloric acid. When passed into solutions of salts of 
many metals, the metal ora phosphide is precipitated. 
It is obtained by heating phosphorus with a strong 
solution of an alkali — 

P, + 3KOH + 3H,0 = .SKH^PO., + PHj 
‘ Pot. Ily))ophosphite. 

In this case the gas is mixed with hydrogen, and 
another hydride, P^H^, which mokes if spontaneously 
inflammable. A similar impure product arises from 
the action of calcium phaspliide on water. The pure 
g.as is obtained by tlie aciion of a solution of caustic 
potash on phosphonium iodide ; the gas is only pure 
when the action is slow. Other Hydrides: A 
liquid hydrogen phosphide. PyH^, is obtained along 
with the gaseous hydride PH3. when the latter is 
prepared by the action of cauhtic potash on phos- 
phorus or water on calcium phosphide. It is separated 
from the gas by passing the gas through a tube cooled 
to 0°. It is a colourle.'ss liquid, which boils at 67° 
(736 mm.) ; immediately catches fire in air; decom- 
posed by light, by heating above its boiling point, 
and by hydrochloric acid into a solid hydride and 
phosphoretted hydrogen, 5PjH^ « 2P,H + 6PH,. The 
solid hydride is yellow, catches dre in air on heating. 
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and is decomposed into phosphoms and hydrogen on 
heating out of air. With Haloohns : Phosphorus 
unites with all the halogens directly. The tri* 
huoride PF, and pentaduoride PF5 are gases. The 
triohlaride PCI, is a colourless liquid ; boils at 76° ; 
fumes in air owing to its decomposition by water 
vapour. Water decomposes it, forming phosphoinus 
and hydrochloric acids, PCI, -r 3HOU « 3HC1 -i- 
It behaves in a similar manner with organic 
compounds which contain hydroxy groups ; for this 
reason it is an important reagent in organic chemistry, 
e.g, 3CH,CO.OH + PCI, = 8CH,COCl + H,PO,. It is 
obtained by passing dry chlorine over phosphorus ; 
the product contains pentachloride. which is removed, 
by standing for a while over phosphorus and then 
distilling. The peTdacJiloridc PClj is a yellowish 
white solid with powerful smell; sublimes without 
melting at the ordinary pressure ; fumes strongly in 
air, owing to decomposition by water vapour. On 
heating it dissociates, so that its vai>aur is a mixture 
of chlorine and trichloride. W'hen water acts slowly 
on it, phosphorus oxychloride is formed, PCI5 + H,6 
saPOCl, + 2HC1 ; but the oxychloride itself is easily 
decomposed by water, so that with much water phos* 
photic acid is formed, POCl, + 3H0H =» 1*0(011), + 
3HC1. With organic or inorganic com{>ounds con- 
taining hydroxy groups it reacts in a similar way ; 
with orgauic compounds containing the carbonjl 
group(— CO— ) the oxygen is replaced by two chlorine 
atoms — hence it is an important reagent for the 
detection of these groups. Examples : 

+ HCl 

Cbloreuirhonic Acid. 

(CH,),co + rcij =. (cii,),cci., + POCl, 

Acetone. 

It is formed by the action of chlorine on the tri- 
chloride. The trihromide PBr, resembles the 
trichloride, and is prepared by mixing carbon disul- 
phide solutions of phosphorus and brouiine and dis- 
tilling off the solvent. The pmtahroniidc Pllr^ is a 
yellow ciystallinc solid obtained by direct union of 
bromine with the tribromide. A heptabromide, IT»ry, 
a red crystalline solid, decorafiosed into bromine, 
j»hoHphoric and hydrobroniic acids by vrater, is 
formed by mixing the pentabromide and bromine, 
and heating in a sealed tul>e at 00°, when the hepta- 
bromide sublimes. A di-indid^^ P.J^, and tri-iodidc 
are known ; but the existenf-e of a penta-iodide is 
doubtful. Many ox^fhatogpn nmponndt are known. 
The oxyfiiwride POF, is ff>rmed V>y direct union of 
the tritluoride and oxygen; it is a gas. The oxy- 
chloride POCl, is a liquid ; melts at — 1*5° ; boils at 
107°. It fumes in air, owing to the presence of water 
vapour. Water decompov'-es it. See above. It is 
jjrepared by the action of anhjdrous oxalic acid on 
the pentachloride, 

COOH 

I + PCI. = CO + CO. + 2HC1 + POCL ; 

COOH 

also by heating the pentachloride and pentoxide in 
a sealed tube ; by the action of potassium chlorate 
on the trichloride; by the action of ozone on the 
trichloride. It is used, like the trichloride, in organic 
chemistry. With Sulphitr: The pentofodphide 
Pj,8. a pale yellow crystalline solid ; melts at 275° ; 
boils at 518°; decomposed ‘by water, r,S. + 8H,0 « 
2H,PO^ + 6fiHy It IS used in organic cmemistry in 
the preparation of sulphur compounds See Dike- 
tones; L.ASVULIKIC Acid ; MEBtJAPTANs. It may 
be prepared by heating red i*hosphoras and sulphur 


together in the proper proportions and distilling the 
product in a stream of carbon disulphide, With 
Oxygen and Oxygen and Htdbogbn— Oxides 
AND Acids : Phoephorovs oande, is a white 

crystalline solid; melts at 22*5°; boils at 173°; its 
vapour density corresponds to the formula P4O,; 
soluble in ether, carbon disulphide, benzene, and 
chloroform; bums in air and with great brilliancy 
in warm oxygen to phosphoric oxide ; with cold 
water it slowly forms phosphorous acid, and with 
dilute alkalis phosphites. With warm water the 
action is energetic, and red phosphorus, spontaneously 
inflammable pbosphoretted hydrogen, and phosphoric 
acid are produced. It is formed when phosphorus 
burns in a restricted supply of air. Phoephorosophoi^ 
phoric oxide, P,0, . is a colourless, shining, 

crystalline solid ; dissolves slowly in water with 
hissing sound, and forms a mixture of phosphorous 
and metaphosphoric acids; on heating, it sublimes 
without melting and without decomposition. It is 
obtiiined by heating phosphorous oxide in an ex- 
hausted tube, when pUo.<pborus distils away first and 
is followed by the phosphorosophosphoric oxide. Its 
vapour density at 1,400“ is 220. Phosphoric oxide, 
is ordinarily a soft white powder, but can be 
obtained in cry.stals by sublimation ; on heating, it 
sublimes without melting; its vapour density at 
liXX>° corresponds to a formula not less than ; 
it combines with water with gpreat energy, forming 
metaphosphoric acid, 1*40,0 + 2HjO « 2H.^I*20-. On 
tills account it is used as a diying and dehyarating 
agent ; thus, when added to nitric acid it withdraws 
water, and nitrogen pentoxide is formed. To obtain 
it, phosphorus is btirnt in a free supply of air or 
oxygen previously dried by sulphuric acid ; the 
product contains some phosphorous oxide, which may 
be removed by vapouri.sing it in a current of oxygen 
and passing the mixed gases over heated spongy 
platinum. HyjKiphosphorom acid, 11,1*0^. See Hypo- 
phosphorous Acid. Phosphor :>vs acid, 11,1*0,, is 
a crystalline solid ; niclU at 74° ; it is very deli- 
quescent. When heated it gives pbosphoretted 
liydrogen and phoBj>horic acid, 411,1*0, = 311,1*0. -1- 
ril,. It is a powerful reducing agent ; its solution 
absorbs oxygen from the air, and reduces salts of 
gold, silver, mercury, and copjier to the metallic 
state. With phosphorus pentachloride it gives 
phosphorus trichloride, liil*0, + PCI5 ~ 1*C1, + 
3P()C1, f 3IIC1. It is a tribasic acid, but the third 
bj’drogrn atom is difficultly replaced by metals. Its 
salts, the phosphites, are not Important. The acid 
is obtained by the action of cold water on phos- 
phorous oxide ; by the action of the trichloride on 
water ; or by beating the trichloride with crystallised 
oxalic acid. Phosphorosophosphoric acid (Hy|)ophos- 
pboric acid), is a white crystalline solid ; 

melts at 55° ; decomposes on beating into phosphoric 
acid and pbosphoretted hydrogen ; it is a weak re- 
ducing agent ; it is tctrabasic. The acid is formed^ 
along with pho.sphorous and pliosphoric acids, when 
j>ho.sphorus is exposed to the action of moist air* 
When the liquid which results from this prolonged 
exposure is partly neutralised by caustic soda, the 
sparingly soluble sodium salt, crystallises 

out. A solution of this salt is decomposod by lea<l 
acetate, and the precipitated lead salt decomposed 
by sulphuretted hydrogen. The solution is concen- 
trated in a vacuum. TiiosPBOBio Acids : Orthophos^ 
phoric acid, H,PO. « PO(OH),: a white crystalline 
solid ; melts at 42*^; it is difficult to crystallise, and 
is usually met with as a thick syrupy liquid. It is 
extremely soluble in water. On heating to 213° it 
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forms Pyry^hot^horie add, H^PaO-, 2nj,PO^ « tLO + 
Ortliophosphorio acid ib tri basic. It is 
obtained by the action of phosphorus pentachloride 
(g-v.) on water; usually by boiling red phosphorus 
with nitric acid. On the large scale an impure add 
is made by the action of sulphuric acid on bone ash 
(^.e.),Ca^{PO,X + 311,80, =3Ca80. + 2H,P0,. Pyro- 
jthoBphorje acid, H,P,Oy, is an indistinctly crystal- 
lised solid. It is soluble in water, and its solution 
slowly — quickly when warmed or in presence of a 
strong acid — changes to orthophosphoric acid ; it is 
a tetrabasic acid. The silver salt is white. It is 
obtained as mentioned above or from its sodium 
salt (which is formed by beating common sodium 
phosphate) by precipitation with lead acetate, and 
decomposition of the lead salt with sulphuretted 
hydrogen. Hfetaphosphoric acid^ IIoP^O^ (Glacial 
phosphoric acid), a glassy or ice-like solid ; 
deliquescent ; vapour density accords with the 
formula Hyp 20 ,,; its solution changes just like that 
of the pyrophosphoric acid, to orthophosphoric acid ; 
it gives a white silver salt, and coagulates albumin. 
It is obtained by strongly heating either of the two 
preceding acids ; also by the action of water on phos- 
phoric oxide. The more important phosphates are 
described under the compounds of the corresponding 
metals. Phosphorus unites with alcohol radicals just 
as i^trogen docs to form compounds like the amines. 
Thus,' triethyl phosphine, P(C 2 H 5 ) 3 , and tetra-cthyl 
phosphonium iodide, P(C.^11^)J, arc obtained by 
heating phosphonium iodide with ethyl iodide under 
pressure. 

Phosphotungstie Acid (CVtem.) Sve Tuiigsti:^ 
AND ITS Compounds. 

Photo Chemical Effects. Chemical changes pro- 
duoed by the action of light. Sec PHOTOOK.\rHY, etc. 

Photochromy. The reproduction of colours by 
photography. See Photoobaphy in Colours. 

Photochrooodraph (Aetnm.) A small apparatus 
fitted to the eye end of a transit in.strunient for record- 
ing photographically the transit wires, the time, and 
the star trail. 

Photo EndrOiVind. The production of engraved 
plates by means ot photograjihic proce.sses. Trade 
terminology lias divided X)liot() engraving into three 
classes. (1) Process : The production of typographic 
printing Mocks (halftone blocks) from ordinary 
photographs, wash drawings, etc. (2) Photo En- 
ORAVINO ; The production of relief plates for u.se 
with type, from black and white subjects in 
pure line. (3) Photogravure : Intaglio plates on 
copper (afterwanls faced with steel) for the repio- 
duction of paintings, etc., in monochroro<\ The first 
and second have displaced wood engraving and, to 
some extent, lithography. The third has largely 
replaced mezzotint engraving and sWel plate en- 
graving. The rcprotluct ion of subjects in pure 
lino i.s practically coeval with the art of i>hoto- 
graphy, the Ordnance Survey Department having 
employed photo engraving for the rcpiod action of 
maps and plans soon after the introduction of photo- 
graphy. The production of halftone engravings was 
not ac^complished until ab^>ut half a century later. 
(1) Halftone Engravings; In reproducing photo- 
graphs or wash drawings the result is obtained by 
l)reaking up the continuous tone of the original into 
slipplo or gniin, the piocess being as follow's : A 
is made from the original on a wet collodion 
plate or on a dry gelatine plate, the former being 
much more commonly used ; but at a short distance 


in front of the sensitive plate is placed a transparent 
screen, formed of two sheets of glass cemented 
together with Canada balsam, both sleets being roled 
and placed so that the lines cross each other. The 
lines are absolutely opaque, and vary in number 
according to the purpose for which the work is 
required, e.y. 80 lines per square inch are used for a 
coarse grain block, and up to 200 or more for fine art 
illustrations. The screen causes the highlighta of 
the original to be represented on the negative as 
round transparent dots, which gradually enlam as 
the tone of the original darkens. A pure halftone 
resembles a chessboard pattern of opaque and trans- 
parent perfect square«<. Continuing the ratio of 
tone, the transparent squares gradually enlarge, until 
the darkest parts of the original are represented by 
minute opaque pin points. A copperplate, prepared 
by polishing with charcoal or precipitated pumice 
powder, is then sensitised by coating with an 
even film of bichromated fish glue. Light acting 
upon this compound renders the substance insoluble 
in cold water. A positive image is therefore obtained 
by placing the negative in contact with the sensitised 
metal surface, and exposing in a pressure frame to 
the electric ‘'arc” or sunlight, the length of time 
varying from one to thirty minutes, according to the 
degree of sensitiveness of solution, the quality of 
nc^tive, and the actinic power of the light. After 
exposure, the plate is put into a tray of cold water to 
develop, and every part of the film upon which Hgbt 
has not acted, owing to the opaque portions of the 
nc^tive, is readily dissolved. The result is an 
invisible positive image, rendered insoluble by the 
light passing through the transparent parts of the 
negative. The image is at once made apparent by 
staining the film with a weak solution of aniline dyc» 
which is allowed to flow over it. After drjdng, the 
metal plate is slowly and evenly heated to a tempera- 
ture of about 340'’ to 400'’ C., the insoluble image of 
soft clue being thereby <’.<>nverted into a hard car- 
bonised film. When cool the plate is immersed in an 
etching monlant of ferric pcrchlorido, ranging in 
strength from 25'* to 4^® Beaume, the carbonised 
image resisting the dissolving action of the moixlant, 
whilst the intervening spiices and points of bare 
metal arc readily attacked. From two to five 
minutes are sullicient to etch the plate to a suitablo 
depth, SC) tliat the image may be left in relief. 
Theoretically, an impression from this plate should 
be a facsimile of the original ; but the process baa 
to 1)0 modified to meet certain technical difilcultics, 
one of these being that the ligliter tones of the 
original are rendered more or less dull through the 
interposition of the cross lined scToen, thus causing 
a diffused shadow to be thrown over those parts on 
the negative. This is remedied by passing the plate 
un to a ** Fine ElchciV' who, being possessed of some 
artistic ability, covers those tones which, on the 
copperplate, are correspondingly correct with tbo 
original, with an acid-resisting vanii.-'h. It is then 
again immersed in the etching mordant. If neces- 
sary, the proce.«!S is repeated by covering the next 
lighter tones and further etching. The intervening 
spiccs between the carbonised film arc thus gradually 
cbjhcd wider, until the highest lights of the original 
are (if wliite) represented by minute pin points, or, 
in some cases, etched or cut a way altogether. An 
impression on paper may be obtained by inking tlie 
plate with a gelatine roller charged with letterpress 
ink and passing it through a press. After cutting 
away the surplus edges by special machinery, the 
plate is mounted on oak or mahogany wood» and 
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planed to a certain gauge, so that anj block maj be 
printed with any type matter in an ordinary typo- 
graphic machine. (2) A similar method is used for 
reproducing Line Drawings, but the absence of 
tone does away with the necessity of using a 
screen. The metal generally used is zinc, and the 
etching mordant, nitric acid, varying in strength 
from one or five to twenty parts water. The 
sensitive him also differs in that bichromatised 
albumen is generally used. After coating the plate 
with the sen$iti^e solution and exposing to light, 
the plate is inked over by means of a gelatine roller 
with a very thin him of lithographic transfer ink, 
and developed by placing in a tray of cold water, 
the action of light on the albumen him also rendering 
it insoluble. By gently rubbing with a tuft of cotton 
wool, that part unacted upon by light is vrashed away, 
leaving an insoluble image of the line drawing thinly 
coated with a greasy film of ink. Finely powdered 
bitumen is then dusted over, and adheres to the ink. 
After carefully washing off excess of powder ami 
drying, the plate is gently heated, the bitumen melting 
and forming with the ink a firm acid resisting image. 
After cooling, the image is obtained in slight relief 
by immersing for a short time in a weak aqueous 
solution of nitric acid (one part to twenty parts 
water). The image is further protected by rolling 
over another coating of fatty ink by means of a 
lithographic “nap” roller, and dusting with resin 
and resinous powder, commercially known as 
“ Dragon's blood.” After heating sufficiently to melt 
the resinous film and cooling, the plate is further 
etched, the process being reperated with in- 
creasingly stronger acid until the image is in 
sufficient relief for printing in prc.ss. A diitcrent 
resist from that used for copi>cr is employed because 
the high temperature necessary to carboni.se a film 
of fish glue w’ould change the structure and properties 
of zinc, the latter melal being readily powdered 
at a temperature of 300’’ and melting at •12ff C. 
(3) Photogravure : Thi.s is a general term for tlie 
various proces?.es for producing plate.s for printing 
purpose.^ W'ldch are the reverse of (1) and (2), the 
engraving is in intaf/Ho instead of “in relief,” As 
in the case of (1 ) and (2), bichromatised gelatine is the 
medium by wldch the plate is produced, A cloud of 
bitumen dust is allowed to settle on a plate placed 
inside a cabinet, the grains of bitumen being after- 
ward.'* fixed to tlie plate by beat. The bichromjitiscd 
gelatine film is now placed over this surface, and the 
subject printed upon it through a glass positive. The 
hardening process is effected by means of light, 
the iinhardcned portions being afterwards washed 
out. iSec (1) Halftone Engraving. The plate is 
next immersed in percliloride (»f iron for the purpose 
of being etched, and is finally finished by a retoucher. 
Plates may also be prepared by using a grain screen 
instead of bitumen powder ; but the result is not so 
satisfactory in the case of fine work. Photogravure 
reproduces the tones of the original drawings, etc., 
much more satisfactorily than the processes pre- 
viously described, but the cost of producing the 
plates is much greater. A commercial Tricolour 
Illustration is produced by superimposing three 
prints one over the other from three halftone 
blocks, yellow, red, and blue, in their respective 
colours, resulting in a correct colour rendering of 
the original from which the blocks were made. The 
methfxl generally employed is that known as the 
direct” process. Three light filters, usually of dyed 
collodion, representing the three primary colours — red, 
green, and violet C^ee Colours)— are placed succes- 


sively behind the lens, and three separate negatives, 
I made on dry gelatine plates or collodion emulsion, 
arc taken from the coloured original, the cross lined 
screen being placed in front of the sensitive plate, 
as in the case of black and white tone work. The 
red filter transmits all rays of light reflected from 
the original with the exception of its oomplemontary 
colour, blue. A positive print made from this nega- 
tive and etched on copper is therefore printed in the 
press with blue colour. The green filter has a similar 
action in suppressing the complementary colour, red, 
I the blo(‘.k made from this negative being printed 
! with red. The violet filter likewise suppresses the 
j yellow, the sub.sequent block being printed in that 
; colour. To prevent patterning of the screen in the 
! three superimposed colour prints on paper, the angle 
! of screen is so arranged that the lines for the yellow 
I negative are crossed by those of the red at an angle 
! of GO”, and by those of the blue at 120®. This is 
j generally attained by adopting a revolving copy 
; board, so that the original, instead of the screen, 
■ can be moved to the required angle for ca<’h negative. 
• The method for etching and finishing the block is 
identical with that in use for ordinary black and 
white work. 

Photographic Camera. A photograpliic camera 
consists essentially of a dark chamber. At the back 
is placed the sensitive plate, and in the front is the 
lens by which the image is projected on to the sensi- 
tive plate. The simplest type is the Fixed Focus 
Camera, which may be merely a rectangular box, 
the plate being supported by some suitable device 
at the end. Most cameras, however, possess some 
arrangements for focussing, or varying the distance 
between the lens and plate in order tosecuit* a sharp 
image. Toe body is then made in two or more parts, 
, one of which may .slide in and out of the other ; nr 
the two parts may be connected by a bellows, a light- 
tight folding portion composed of leather kept in 
shape by internal strips of cardooardor other stiffen- 
ing material. The ojxjration of focu.ssing is effected 
in this case by moving the front, to which the lens 
, is attached by means of a rack and pinion. Tho 
' open back carries a ground glass Focussing Screen, 
on which an image is produced which is \isibletoihG 
operator. When thi.s imago is in focus, the opening 
. of the lens clo.scd by a cap or shutter ; the screen 
. is replac,eii by a Dark Slide, a flat box carrying the 
plate, siiiit in by a sliding cover. When placed in 
jw.'sition the sliflo is withdrawn, and the surface of 
, the plate occupies the position previou.sly occupied 
by tlie Burl’ace of the screen. On opening the shutter 
or cap of the lens the image is produced on the plate. 

I The l>cst types of camera have a Rising and Fall- 
ing Front, whereby the lens may bo raised or 
lowered, and also a Swing Back, by >vhich the dark 
slide and the contained plate may bo brought into a 
; vertical position if it be necessary to tilt the camera. 
This prevents the distortion of the imago which 
would otherwise occur by pointing the camera 
‘ opw’ard or downward, and is essential in photogropb- 
' ing architectural objects. A Folding Camera is 
one in which the bellows can be compressed into n 
small space, bringing the back and front close 
together, in order that great portability may bo 
obtained. A Magazine Camera is one in which 
a number of plates or films are contained, some 
mechanical device being fitted to enable a fresh plate 
to be placed in position after an exposure has lieen 
made, and the exposed plate to be removed to a 
position in which it will no longer bo acted on by 
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light. Various devices are now in use by which 
Daylight Loading is effected, i.e. a fresh supply 
of films can be introduced and the exposed ones 
removed without a darkroom. There are two main 
ways of doing this. In the first method the films 
are cut to sizcand arranged in a pile like a pack of 
cards, each film being separated from the next by a 
shMt of black paper ; the whole pile is protected by 
a light-tight covering, which can be removed after 
the films are introduced. In the second, which is 
the more popular method, the film is made in a con- 
tinuous sheet, and rolled up on a reel in contact with 
a sheet of black paper, of which the ends are left 
long enough to furnish several turns round the outside 
of the spool, in order to exclude light. The spool is 
placed inside the camera, and the film wound off 
on to another reel as required for each exposure. 
When all the film has been exposed, the second 
reel is full, and the film is again protected by 
several layers of the black paper, enabling the 
exposed film to be removed with safely. iSce also 
PnoTOGBAPHY and Photography in Colours. 

Photographic Telescope {Astron,) A telescope 
so arranged that the photographic plate r€*places 
the eye. 

Photography. The art of obtaining images by 
the chemical agency of light upon sensitive sub- 
stances. The darkening cffec.t of light on silver 
chloride was noticed by the alchemists in the six- 
teenth century, and furni.shed a good example of 
photographic action, the nature of which was after- 
wards investigated by Scbeele. The first attempt.^ lo 
practically utilise tlie darkening of silver salts by 
liglit apfK,*aTs to have been made by Wedgwood and 
Davy about 1H02. A sheet of white paper or leather 
was coated with a strong solution of silver nitrate 
and dried, the objects intended to be copied being 
either placed in contact or their shadows pro- 
jected upon it. Upon exposure to sunlight, the 
parts prot.<-cted by the objects remained white, 
while those surrounding them darkencjd under 
the influence of the sun's rays. Expciriiiicnts of 
this and similar nature.s were, however, rendered 
comparatively valueless from the want of means 
for fixing the images, and so preventing any 
further action of light from taking place, the 
unaltered silver salt remaining in the white portions 
of the iiapcr gradually darkening. In many ca.se.s, 
however, the action of light is invisible, and agents 
technically known as developers have to be employed 
to bring the minute change effected by light to the 
cognisance of our senses. In the Daguerreoty ))0 
roccss, w’^here an invisible action of light is pro- 
uced on a silvered copperplate, Tendered sensitive 
by exposure to the vapour of iodine, the develop- 
ment is accomplished by means of mercury, the 
vajTOur of this attaching itself to the substance 
altered by light, but whether from a physical or 
chemical cause is uncertain. In the process imtented 
by Fox Talbot in 1841, under the name of Calotype. 
in which the sensitive material consists of silver iodide 
formed upon paper, the development was effected 
by means of gallic acid, a method discovered by the 
Rev. J. B. Keade. Owing to the suggestion of 
M. Lo Gray, of Paris, of the possible use of collodion 
in photography, and its practical application by Scott 
Archer in 1851, such a stimulus was given to the 
progress of the art that it soon began to assume the 
importanoo it has since attained. In this collodion 
process, a glass plate, coated with collodion con- 
taining iodides and bromides of metals or alkalis. 


is immersed in a solution of silver nitrate, a sensitive 
surface consisting of iodide and bromide of silver 
being thus formed. The plate is then exposed wet in 
the camera, and the image afterwards developed by 
means of an aefid solution of pyrogallol or sulphate 
of iron, the silver reduced from 'the silver nitrate 
present being deposited upon the parts altered by 
light. Although very fine photographs can be ob- 
tained upon wet collodion, the necessity of preparing 
the plates at the moment required, and obtaining the 
finished results without delay, are disadvantages, and 
the process (except in the case of certain classes of 
work) has long been superseded by the use of 
gelatino bromide dry plates, the sensitiveness and 
keeping properties of the latter rendering them 
available in cases that are practically impossible 
with the former. With dry plates and those which 
do not contain silver nitrate, a method of developing 
the invisible image, known as alkaline development, 
is employed, in this case the developer directly 
acting u{x>n those parts affected by light, and so 
reducing the sub-salt of silver forming the invisible 
image to metallic silver. This in its turn combines 
wiili silver bromide to form mechanically fresh sub- 
bromide, .which becomes reduced by the developer as 
before. And if the image be a negative one, such as 
results from exposing a plate in the camera under 
ordinary conditions, it would, when viewed by trans- 
mitted light, show all the lights and shades in the 
objects represented, reversed. After the image has 
been developed, an oi)eration technically known as 
fixing is employed to remove the unartered silver 
salts from the film. In the wet collodion process 
this is usnally accomplished by means of potassium 
cyanide, but in the case of gelatine jfiates sodium 
thiosulphate (hypo) is used instead, owing to the 
danger of cyanide attacking the half tones. It 
frequently happens, especially with gelatine plates 
developed with some of the recent developers, tlial 
the negative after fixing is found to be too thin for 
printing, and resort has to be had to intensification. 
Jhere are various methods in use for this purpose, 
those witli mercury usually being employed with 
gelatine plates. The inuige, being bleached in a 
solution of mercuric chloride or bromide, is well 
washed, and i-onvcrted into a grey or black colour 
by means of a solution of sodium sulphite, ammonia, 
silver cyanide, or a ferrous oxalate developer, this 
latter offering the extra advantage of permanency in 
the intensified image. Of methods for reducing the 
opacity of negatives, that with potassium ferri- 
cyanide and hypo is }>erliaps most generally used, 
aithough for r^ucing the contrasts in them a 2 per 
cent, solution of ammonium persulphate is found 
valuable. From the observation.^ of Dr. Vozel in 
1873, that the addition of dyes to silver salts 
increased their sensitiveness to certain colours, wc 
owe a discovery of very considerable importance, 
and one w'hich has since received practical applica- 
tion in the use of orthochromatic plates. In order, 
however, to obtain any appreciable difference in the 
results when using them for ordinary work by day- 
light, a yellow screen must be employed to cut ofit 
some of the blue rays, as the sensitiveness to blue 
and violet still prediiminates. The selection of this 
screen is a matter of imt>ortancc, since if it be too 
deep in colour it may cut off the blue and violet, 
entirely. For the l>est results it should be one that 
is adjusted to the plate. When this is not the case, 
it is perhaps advisable that the one chosen should 
not require an increase of exposure of more than 
six or eight times. A screen can often be employed 
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with advantage in hand camera work, although in 
most cases it mast not more than double the 
ordinary exposure required. Of the various printing 
processes, those in which the image is printed out 
on gelatine chloride, collodio chloride, or albuminised 
papers, and afterwards toned with gold, are largely 
used, while the numerous development papers offer 
the gi*eat advantage of rapidity in the production of 
the prints. For permanency, however, platinum and 
carbon stand unrivalled. Modifications of the carbon 
process have been introduced under the names of 
Artigue and Ozotype, in which tlie image is printed 
direct upon its final support. The former, however, 
while yielding very fine results, requires a good deal 
of care in manipulation, while the latter only needs 
that necessary in carbon printing generally. — E. S. 

Photo^aphy in Coloiunu The methods by which 
objects can be represented photographically in 
colours may be classed under two heads: (1) The 
direct method, in which a ligbt-sensiti\e substance is 
capable of reproducing the colours which fall upon it. 
(2) The indirect method, whicli is dependent upon 
the superposition of coloured images (usually three), 
and which is known as the three colour process. 
Dibect Method: The colours are due either (1) to 
interference, as in the case of the Becquerel and 
Lippmann process, or (2) when p.'ij)er coated with silver 
chloride is used, such as BeeU^ck employed, are of a 
pigmentary nature. In tliis process of Dr. Beebeck, 
which dates back to LSK), a solar spectrum was pro- 
jected ujion paper prepared with moist silver chloride, 
and an imiigo obtained somewhat resembling the 
spectrum colours. The chief worker, however, in 
this subject, M. Edmond Eecquerel (the first pub- 
lished account of whn.se work appeared in 1848), 
obtained his best results upon chlorinated silver 
plates, the particular method of chlorination adopted 
being that in which the chlorine was produced by the 
electrolysis of dilute hydrochloric acid, the nascent 
chlorine uniting with the silver, TJds method had 
the advantage of greater control over the thickness 
of the film of chloride formed, a.s when the violet 
colour was assumed for tlie srcoud time the silver 
[date was removed from the bath, washed in di.stiilcd 
water, and dried at a gentle heal, the plate being then 
sensitive to all spectrum tints*. The colours are, 
according to Wiener, partly pigmentary and partly 
due to interference. A great disadvantage attending 
this process was that the coloured images could not 
l)e fixed. By far the most important metho<l of pro- 
ducing direct photographs in colour i.s that due to 
Professor Gabriel Lippmann, and first announced by 
him in 1891, and is based on the theory and work of 
Zenker and Wiener, The process, which is very 
simple, consists in employing a plate of glass coated 
with a perfectly transparent sensitive film of silver 
bromide in geiatine, together with suitable colour 
sensitising dyes, and having in contact with the film 
during exposure in the camera a metallic mirror in 
the form of a layer of mercury. The latter is for the 
purpose of reflecting the light back i^on itself. 
This gives rise to stationary waves within the film, 
with the result that, after development and fixing, the 
image is formed of a laminated depo-sit of silver, 
separated by transparent layers of gelatine, tlie 
thickness of each transparent layer l>cjng equal to i 
half the wave length of the light used during ex- 
posure. When these photographs are viewed by white 
light incident normally upon them, waves equal in 
len^h to those used during exposure will be reflected 
to the eyes, and thus the film will appear of the 


same colour as the light to which it hod been exposed. 
When viewed obliquely the colours change, red 
becoming successively yellow, green, and blue. To 
enhance the brilliancy of these photograplis, and at 
the same time eliminate disturbing surface reflec- 
tions, a shallow glass prism is usually cemented to 
the film with Canada balsam. The Indtbect Method 
of colour photography is based on the theory 
of Dr. Thomas Young, who found that any colour 
could be produced by the mixture in various propor- 
tions of three colours properly chosen. Pj-ofessor Clerk 
Maxwell, who supported this theory, appears to have 
fiist suggested how to carry it into practice by the 
aid of ]^hotography in a lecture delivered at the Royal 
Institution on May 17, 1S6L The particidar colours 
to employ, and the proportions in which they must 
be mixed to represent all intermediate spectrum hues, 
was first determined by Maxwell, and are shown in 
hi.s famous diagram of colour mixture curves. These 
curves have quite recently (1890) been re-determiued 
by Bir William Abne}', whose results differ somewhat 
from the former ; and the three simple colours which, 
when mixed in suitable iwportiOns, will reproduce 
to the eye the scn.salion of every other spectrum 
colour, have beeu found to be : a red situate about 
the lithium line in the red; a green near the 
E line in the green ; and a blue violet about the blue 
lithium line. In order, therefore, to obtain a three 
colour photograph of the spectrum, three photographs 
must be taken, in each of which photographic action 
must be so distributed that it would be represented 
graphically by the respective curves in one of these 
diagrams. In order to realise this in practice, the 
negatives are taken through light filters (colour 
screens), which should transmit light in accordance 
with the colour cim^es; such light filters, if they 
enable correct colour records of the sjiectrum to be 
obtained, should answer equally well in the case of 
landscapes, or coloured objects generally, since tlieir 
colours are only mixtures of spectrum colours. As 
tbCvse filtei-s require to be adjusted to suit the sensitive- 
ness of the plates employed, they can only be described 
in general terras as being red, green, and blue violet 
in colour. I'ositives made from the negatives taken by 
their use, when backed by media allowing only pure 
colour to pa.ss, will, when their images are Rujwr- 
imposed r»n a screen, roprcKlncc the colours of the 
original ; but if prints are to be prwluccd, the print.s 
be made in colours wdiich are complementary 
to the three wdour .sensations. These principles ap- 
pear to lia\c been rocognise<l by Louis Dticos du 
Iluuron in 1 868. To Mr. F. E. Ives, however, must 
be given the crwlit of bringing the process to the 
state of perfection it has now reached. lie pointed 
out the necosssity of using screen.s which transmit 
pure colour only fur correct synthesis, as distinct 
from the colour curve screens used in taking the 
negatives; and by means of his ingenious viewing 
apparatus the kromscop completed a most perfect 
method of composite heliochromy. When finished 
prints for use as transparencies or projection in a 
single Jautem arc required (a system of three colour 
photography brought to such perfection by Sanger 
Shepherd and Messrs. Lumi6re), the positives are 
usually made uf)on gelaiino bromide celluloid films 
sensitised with bichromate, and after development 
and fixing arc stained the complementary colours in 
aqueous solutions of dyes. In the case, however, of 
the i>ositive from the red record negative, it is found 
better to make ibis upon a lantern plate, and convert 
it into the required blue colour with potassium 
ferricyanide, followed after washing with ferrio 
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chloride. The films are then cemented together 
between glasses, and form a finished transparency in 
colours. A. method suggested by Dr. Hauron in 1869 
for obtaining the three colour records on one plate, 
and put into practice by Professor Joly, of Dublin, 
consists of exposing the photographic film in contact 
with a glass plate placed in (front of it, ruled in 
transplant coloured inks, with red, green, and blue 
violet lines. These coloured lines, which correspond 
to the colour filters used in taking the record nega- 
tives in Ives’s process, number about 2G0 to the inch, 
and the order in which they arc ruled is repeated 
throughout the plate, which by transmitted light 
appears of a light grey colour. Negatives taken 
through such a screen will be crossed by a scries of 
lines of deposited silver corresponding to the amount 
of light which acted through the respective lines, 
and a positive made from such a negative when 
placed in contact, and “correct register” with a 
similar lined screen, but ruled in colours which 
stimulate respectively the three colour sensations of 
the eye, will, when viewed directly, show the image 
in colours. A variation of the throe colour process, 
due to Professor Jl. W, Wood, which does away with 
the necessity of using coloured screens or pigments 
for the finished pict ures, consists in employing three 
diffraction gratings, each ruled with such a number of 
lines to the inch that, when BU})erposed in front of a 
lens, they will send red, green, and blue light to the 
same sjKjt on a screen behind it, which by their 
mixture will convey to the eye the sensation of wdiite 
light. To produce a picture in colours by this 
method three negatives are taken through red, grccu, 
and blue violet (K)lour filters us usual, and from these 
positives are made on lantern plates. A piece of 
glass coated with bichromated gelatine (or albumen) 
is }ilaced with its sensitive film in conUict with a 
grating bearing 2,000 lines per inch, and the whole 
covered w-ith the ])ositivc representing the action of 
the red light. An exposure of a few seconds to sun- 
light will impress the lines of the grating on the 
bichromated film under the transparent parts of the 
positive. The second grating, consisting of 2,4CMJ 
lines per inch, and the jwsitive, representing the 
action of the green light, are now substituted for the 
others, and a second exposure given. The same is 
then reiicated for Uie blue, using a grating having 
2,750 lines per inch, and the positive wliich rcjircsents 
the blue. I'he jdatc is then washed for a few minutes 
in w-arm water, and on drying the image appears as 
a coloured photograph when placed in front of a lens 
and viewed through an aperture in a screeu. The 
finished pi(;ture, which is perfectly transparent, 
merely consists of a diffraction grating on gelatine, 
with variable spacing. Some progress lias also been 
made towards realising in practice Wiener's idea for 
an ideal colour sensitive surface, in which tliree films 
stained red, blue, and yellow with fugitive dyes, are 
combined to form a black or neutral tint. Huch a 
surface will, with prolonged exposure, under a 
coloured transparency, yield a more or less perfect 
reproduction of the coloured image. A means of 
thoroughly fixing these images, however, still remains 
to be found. — E. S. 

Photometers* A photometer is an instrument for 
comparing the illuminating powers of two sources of 
light. All such instruments in common use depend 
upon the fact that the eye is capable of judging with 
considerable accuracy when two surfaces adjacent to 
each other are equally illuminated. It is necessary 
that the illainination observed sliall be due to the 


two sources only, and therefore all other light must 
be excluded, the measurements being xn^e in a 
darkened room or other enclosure, the inside of 
which should be blackened, to prevent reflected and 
diffused light from interfering with the observations. 
The source of light to be tested is usually fixed at 
one end of a horizontal bench or bar, termed the 
Photombteb Bench or Bab, which is graduated in 
inches or centimetres ; at the other end is fixed a 
standard light, which may be a Btakdabd Candle, 
Pentane Lamp, Methuen Screen, etc. (q.v.^ At a 
point between the two lights is fixed the Photo- 
meter proper. Let 1 be the intensity of one of the 
two sources, then at a distance d the intensity of 

illumination is . If and I^ be the relative inten- 
sities, d^ and the distances of the two sources 
from the photometer, then when the latter is re- 
ceiving the same amount of light from each source, 


I. 


d/’ h d/ 


The form of photometer most used in practice is 
Bunsen's Photometer (^.e.) Observations with 
this instrument arc usually made with the aid of 
two mirrors placed behind the screen, and inclined 
at 90** to each other and at to the screen; 
by this means both sides of the screen may be 
viewed at the same time, and the position of the 
photometer with reference to the two sources 
adjusted with considerable accuracy until the spot 
appears of the same biigbtness ns the rest of the 
surface of the screen. Jolt's Photometer consists 
of two fiat plates of translucent parafiln wax placed 
in contact, with a sheet of tinfoil between them. 
When placed between two sources of light and 
viewed edg<‘wise, each plate appears to be illumi- 
nated ; when both appear equally bright, the 
intensities of the two lights are x)roportiunal to 
their distances from the screen. The Lummeu- 
Brodhum Thotometer consists of an opaque white 
screen, one side of which is illuminated, by each of 
the sources of light which are being compared. An 
ingenious arrangement of mirrors and reflecting 
prisms enables the central portion of one surface 
of the screen, and the outer portion of the other, 
to be vicweii at one time. If the two sides of the 
.screen are not equally illuminated the eye sees a 
bright patch surrounded by a dark zone, or Hoe verm. 
Adjustments are made until the inner and outer 
zones arc equally illuminated. When this is the 
case the two surfaces must be equally illuminated, 
and therefore the intcn.sities of the two sources are 
proportional to the square of their distances from 
the screen. A simpler arrangement, which possesses 
the advantage tliat it may be used in a room which 
is not quite dark, is Kumford's Shadow Photo- 
meter. This consists of an opaque rod, a shadow 
of vrhich is cast on a white screen by each of the two 
lights, which are moved backwards and forwards 
until the intensities of the sliadows are the same. 
The intensities of the lights are then proportional to 
the square of their distances from the screen. 

Photometry CLiqht), The cemp^son of the 
intensity of a given source of light with a standard 
source by means of a Photometer (^.r.) 


Photomicroifraph. A photograph of a microscopic 
object obtained by attaching the camera to the 
microscope tube. 

Photoepectro Heliograph CAMtm,) An instru- 
ment fox recording photographically a picture of the 
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son's disc and limb in colour of one wave length or 
monochromatic light. The K ” line of calcium is 
the light usually employed. 

Photosphere (^Astron.) The sun's visible surface. 


Phototype. A general name for copying processes 
based upon photography. Sec Blub Pbint. 

Phrase (Mvsic'), The subdivisions of a musical 
sentence or period are called phrases, two or more of 
which form a period. 

Phrygian Kode See Modes. 

Phthaleins (TZ/m.) Substitution products of 
phtbalopbenone (diphenylphthalide), 
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But the Phthaleins are not usually prepared from 
phthalophcnone ; they are prepared by heating 
phenols with phthalic anliydride in presence of u 
dehydrating agent, such as sulphuric acid or zinc 
chloride. For examples of phthaleins. Phenol- 
PHTHALEIN, FLUORESCEIN, EOSINE. Tliat phthalo- 
phenone has the constitution assigned to it is prove<l 
by its synthesis by Friedel and Craft’s reaction (j'.r.) 
from phtbalylchloride and benzene : 

C.C),. 

cvi,<" •>o + 2C,n« = 

^ CO 




CJl, 2I1C1 

-CC)^ 

Also phenol-phthalein (^.r.) can bo synthesised 
from phthalophenone by nitration, reduction, an<l 
diazotisation. The Rhodamines (^,r.) are also 
Phthaleins. 


Phthalic Icid iChew.) 

c . coon 
HCj^^C , coon 

HCXyCH 


Cll 


A colourless crystalline solid (piisms) ; melts at 203'" 
if quickly heated, and forms the anhydride with loss 
of one molecule of water : 


^'OOH ^ ^CO/^ ^ 


Sparingly soluble in cold water ; readily soluble in 
hot water and in alcohol. It is a dibasic acid, 
forming two classes of salts and esters. Heated 
with soda lime it gives first benzoic acid, then 
benzene. It is prepared by oxidising naphthalene 
tetrachloride with nitric acid. tSee p. 447. It is also 
prepared, in the form of its anhydride, on a large 
scale for the preparation of indigo. See Indigo. 
Phthalic acid can unite with two, four, or six 
hydrogen atoms, and so give rise to many hydro- 
phthalic acids ; thus, theoretically it would give six 
dihydrophthalic acids. Of these, four are known ; 
the A®* ^-dihydrophthalic acid {$ee Nomenclature) 
can exist in two forms, known as the cis- and trans- 
forms. The cis-A®'®-dihydrophthalic acid has the 
two carboxyl groups on one side of the benzene ring, 
while the trans- acid has them on opposite sides. 
The cis- acid readily forms an anbydriae ; the trans- 
acid forms an anhydride with riifficalty, and the 
anhydride formed is that of the cis- acid. The 


trans-A®* ^-dihydrophthalic acid is obtained by reduc-' 
tion of phthalic anhydride in acetic acid solution 
by sodium amalgam ; it passes into the cis- acid on 
heating with acetic anhydride. Three tetrahydro- 
phthalic acids are known, of which the A* compound, 


H.C 

HC 


CII . COOH 

•^CH.COOH 


CH 


CH, 


is known in the cis- and trans- modifications. The 
hoxahyciro acid is known in the cis- and trans- forms, 
and the latter, which contains an asymmetric carbon 
atom, can be rc'solvcd into its optically active 'Com- 
ponents by means of quinine. Tke anhydride of 
phthalic acid^ 

forms long, shining, needles; melts at 128*^; txiils 
at 2H4° ; slightly soluble in water ; very .soluble in 
alcohol and ether. On heating, it easily sublimes. 
Alkalis readily form salts of phthalic acid with it. 
With one molecular proportion of ]>ho$phoriis penta- 
chloride on heating it gives phthalyl chloride, which 
behaves in many of ith reactions as if it has the 
constitution 


PH ^ ^ n • 


c.y. %viih zinc and acetic acid it yields pbthalido, 
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See also I^ITIIALEINS. Heated with phenols, the 
anhydride gives Phthaleins (q.r.) The anhydride is 
ol)taincfl l>y healing phthalic acid alone or with 
acetyl chloride. Phfhalimidcy 




erv 


is a w’hite crystalline solid (prisms) ; melts at 229° ; 
soluble in ether; sublines on heating. Witli alcoholic 
potasli it fi>nns a well crystallised potassium salt, 
potassium phthalimide. 


P II \ 


This salt reacts with alkyl iodides, forming alkyl 
]>hthalimides, which are converted by alkalis into 
phthalates and primary amines ; 

/N. CjII, + SnOK = CjIIjNH, + 


C U OOK 
COOK 


For a very important reaction of phthalimide, ece 
Indigo. Phthalimide is obtained by heating phthalyl 
chloride or phthalic anhydride in a stream of ammonia 
gas. Isomeric with phthalic acid are isopbtbalic acid, 


HC 

HC 


C . COOH 

0“ 
Is^C . COOH 


CH 


and terephthalic acid ; the former is not an important 
compound, the latter is treated by itself. Neither of 
the isomers of phthalic acid forms an anhydride. 

Phyllite i^Oeol.) A rock of argillaceous com- 
position, and usually of sedimentaiy origin, whioh 
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lias been snbjecterl to d:^namic metamorphiem, 
with the lesalt that th6 microscopic fragments of 
potash felspar occurring in the parent rock have been 
paramorphosed into flakes «>f Muscovite, which have 
a common orientation throughout the rock, and thus 
facilitate its separation into thin sheets in the same 
manner as slatea Those scales or flakes of mica 
usually impart a peculiar silky lustre to the face of 
a phyllite which has been split up by mechanical 
means. 

Phyllopopphyviii {Clifm,') CielligN^O. A decom* 
position j^roduct of chlorophyll. It forms short 
reddish violet prisms; soluble in cMoroform; less 
soluble in ether or alcohol; gives red fluorescent 
solutions. It shows an absorption spectrum of seven 
bands, which closely resembles that of hfematopor- 
phyrin from haemoglobin and it ap^ars to 

differ from this substance only in containing two 
oxygen atoms less ; corresponding to this phyllopor- 
phyrin is insoluble in aqueous alkalis, while haemato* 
porphyrin is readily soluble. Like hsematoporphyrin 
(see HJEMOGLOBIK), it yields as products of oxidation 
and reduction respectively haern.'itinic acid and hsemo- 
pyrrol. The compound mesoporphyrin {see 
GLOBIN) is intermediate between phylloporphyrin 
and htematoporphyrin. 

Physical Astronomy* The branch of astronomy 
dealing with the conq^osition, temperature, etc., (»f 
heavenly bodies. It owes its existence almost entirely 
to observations by the spectrosccq^e. See Bfectbum 
Analysis. 

Physical Isomerides. A name given to compounds 
which have the same constitutional formula, auu 
therefore the same chemical reactions, but have* 
different physical ]}roportios. The difference in 
physical properties is caused by the different s|iacial 
arrangements of the atoms or atomic groups in these 
compounds. See STimEoisoMEUiSM. 

Physics* The tenn Tliysics originally referred to 
the study of Nature and natural phenomena in 
general ; it is now restricted to the study of the pro- 
perties of matter and of natural forces and phenomena 
which arc neither organic nor chemical in their 
nature. There is no hard and fast boundary line, 
however, l>etween physical and chemical phenomena. 

Physio-Chemical Engineering* Origin and 
IIlHTORY : Throughout tliis Dictionary a number of 
definitions ate given under the classification of (liem. 
JJng.^ and some explanation of this classific^ition is 
necessary. The term is a shortened form of what is 
really I’hysio-Chemical Engineering, a profession, or 
branch of the engineering industry, which has only 
been recognised during the labt fifteen or twenty years. 
Htrictly speaking, it is an offshoot of engineering 
which has arisen out of fhe needs of the chemical 
industry, and finds a parallel in electrical engineering, 
though perhaps there is more engineering than 
electrical knowled^ required for the latter, while in 
chemical engineering there is need for a more general 
knowledge of each component. On the other hand, 
so-called chemical engineering is of a more complex 
nature than the name implies, and for this reason 
it is thought preferable to deal with the subject 
under Physio-Chemioal Engineering. Hie present 
8ocioty of Chemical Industry started as a Society of 
Chemical Engineers, but the title was thought to bo 
too exclusive at that time. The need for a chemical 
engineer arose out of the industrial developments of 
chemistry. Processes were worked out in the 
latgmUiry, but when it came to working on a manu- 


facturing scale, glass vessels and iaHimibber tabtog 
were inapplicable. The mechanical engineer bpui to 
devise and construct as best he could suitable lAmib 
and apparatus with which to carry out processes 
on a large scale* In time it became evident tbat 
many processes were impracticable for want of better 
chemical plant. The chemist consulted the engineer, 
and the latter endeavoured to construct what was 
needed. Seeing the scope afforded, some men 
specialised and made themselves acquainted with aU 
that engineers were doing or had done, and applied 
the knowlei^e so acquired. Hence the ohemi^ 
engineer. Since then there has been much contro- 
versy as to what are the qualifications of a chemical 
engineer. There is little doubt, however, that a 
knowle<1ge of chemistry and physics is of mere 
imx^rtance than detailed knowledge of mechanical 
c^ngineorlng, though a practical acquaintance with 
the latter is a great help, and some knowledge 
essential. Definition : To define Physio-Chemical 
Engineering is obviously no easy task. The definition 
must necessarily be rather involved, as it includes a 
knowledge of chemistry, physics, civil and mechanical 
engineering. Perhaps the most concise definition 
is this: The adaptation of materials to methods, 
in doing which the three chief qualifications are 
common sense, observation, and ingenuity. Appli- 
cations : rhysio-C'bcmical Engineering deals with 
the manipulation, control, and transport of the gases, . 
liquids, and solids wliich resnlt from or arc essential 
to chemical reactions on a manufacturing scale. 
These bodies may be hot or cold, inert or corrosive, 
volatile or stable, as well sum explosive or inflammable. 
An accurate knowledge of tbeir chemical and physical 
properties is necessary before suitable plant for their 
inauipulation can be evolved. In the same way 
constructional details have to be modified to meet 
the various methods for their solution, decom- 
position, bxiviation, precipitation, filtration, eva- 
poration, distillation, concentration, or condensation. 
This involves a study of the materials which will 
withstand the forces exerted by such gases, liquids, 
and solids wliile undergoing chemical change and 
the consequent variations in their physical conditions. 
It will l)e seen, therefore, that rbysio-Chemical En- 
gineering is a very extensive branch of engineering, 
and is not easily defined, more particularly as in 
this relationship chemistry and engineering are so 
largely interdependent . U ndoubtedly to the chemical 
engineer is clue the evolution of certain plant 
and apparatus which otherwise might never have 
l>een thought of. The filterpress, centrifugal dryer, 
steam trap, and Monte jus or acid ogg, are four 
striking examples. In tho first two the engineer 
turned well known forces to account. The develop- 
ment of steam coils for heating in all branches of 
chemical industry created a demand for an effectual 
means of removing condensed steam without letting 
live steam escape ; while in the transport of corrosive 
fluids the load-lined acid egg took the place of the 
old type of pum]), with compressed air substituted for 
the plunger or piston. As the result of these changes 
the engineer on the mechanical side perfected the 
existing air compressing and exhausting engines, and 
enabled the manufac^tiirer to use compresBed air, 
vacuum pans, and multiple effect evaporation with 
economy. Yet chemit'al knowledge is largely funda- 
mental in effecting improvements. In the aniline 
dye industry the supply of concentrated vitriol to 
almost every deportment of tho works is necessary. 
Oast iron pipes and comprcsii^d air exist, but it needs 
tho reassurance of tho chemist that cast iron is 

34 
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practically nnaittacked by strong vitriol (altbongh 
dissolved by weak) before the engineer is able 
to employ the two, and so transport the acid to 
any jWt . of the works with ease and safety. 
In the* same way the chemist has co-operated with 
the engineer in producing acid-resisting alloys or 
other material for taps, valves, packings, washers, 
and other engineering accessories suitable for chemi- 
cal* plant. Disintegrators, mechanical agitators. 
Steam jet heaters and agitators have also been 
adapted to the special requirements of cliemical 
engineering. The soap industry, however, affords an 
excellent example of how purely engineering skill | 
has been devoted to the production of special plant i 
(for which only a knowledge of physics and engineer- | 
ing was essential), notably in connection with the j 
cooling, drying, shredding, and milling of soap. The j 
introduction of carborundum also affords an instance I 
of how the electro chemist comes to tlie aid of the i 
chemical engineer by ])roviding an acid and beat | 
resisting material for furnace linings and allied uses. ; 
It is not possible in a short review such as this to | 
do more than indicate thus the varying phases of • 
chemical engineering, in order to show liow compre- : 
hensive the term is, and consequently so difficult to j 
define. In the future it is probable that the term ‘ 
will become as generic as that of civil engineering, , 
and include a number of industries in which chemical | 
plant is used, but whicli are known b}’ the name <*f i 
the actual product produced. For instance, the gas 
engineer is largely a chemical engineer, or should be : ; 
but, owing to the present magnitude of this particular j 
industry, the title of Gas sup])lants the more geneial ’ 
one of Chemical. Literature : There is very little j 
available literature ^er se, as most of it is lu be 
found in articles contributed to almost all classes of . 
technical journals. Chemical engineering itself, even | 
then, is seldom kept separate from works’ manage- ■ 
ment, organisation, and administration, but is dealt 
with only in so far as equipment bears upon these 
subjects. As for text books they can Jiardly be said 
to exist. For many years tra<le catalogues consli- ; 
tuted the nearest approach to anything of the kind, | 
and even now are often the best source of informu- ; 
tion. Of late the pick of such catalogues lias been [ 
collected, classified, and occasionally supplemented , 
by notes, and then pre.sented in this condensed form i 
as a liandbook. Useful as this handier form un- j 
doubtedly is, the fact remains that condensed cata- j 
logues interspersed with a smattering of Trautwine j 
and Molesworth are the only chemical engineering j 
literature that exists, apait from .scattered article.s, I 
roost of which are ''^ery restricted in scope and 
aspect. Thus its bibliography reflects and confirms | 
the heteroclitic nature of rbysio-C’hcinic.al Engineer- ; 
ing. The important influence© which it does, and ' 
must, exercise on the technics of the future may j 
result in its ultimately assuming a more definite and | 
conventional position as a business or profession. 

C.H.N. 

Phytosti^mine (67<m.) Calabar Pieax. 

Piacercy K (Mime). At pleasure. 

Piaeevole (Mvitie). Agreeably, pleasantly. 

Pianette (Mvtie), A small pianoforte. 

Piangendo, Piangevole (Mmic), In a plaintive 
manner. 

Pianluimo (Music). Very soft. Abbreviation, 

jppp(oT^)), 


Piano (Music). Soft. Abbi-eviation, p. 

Pianoforte (Music). See Musical Instruments 
(Stringed). 

Piatti (Music). The Italian name for cymbals. 
Siv under Musical Instruments. 

Piazza (Architect.) A rectangular open space 
surrounded by buildings or colonnades. 

Pibroch (Music). The Scottish military music of 
the bagpipe. 

Pica (Typog.) Type between Engli.sh and small 
pica in size. The body of this type is generally used 
as the standard for leads, measures, etc. See Types. 

Piccolo (Music). (1) See Musical Instruments 
(Wind). (2) An organ stop. See Organ, 13. 441. 

Plcea (JSoiany). The genu.s of Coniferee com- 
j. rising the spruce fir (P. cxctUa\ >iclding turpen- 
tine, rksin, and timber, and the silver fir (P. alha). 

Pick. A pickaxe, the familiar tool used in ex- 
cavation, mining, etc. 

or Shoot (Textile Manvfac.) A throw of the 

shuttle carrying weft through the shed or opening 
between warp threads. 

Picker or Driver (Textile Mamtfac.) A device 
fitted in shuttle box for propelling the shuttle. 

Picker Leather. T.cather specially tanned for 
the making of picker bends used in cotton spinning, 
etc. 

Picking (Ifrari/ijjr). The second primary' move- 
njent of tl>e loom, ?•?;. the i>ropnlsion of the shuttle 
across the loom sley and through the warp shed 
(r/.r.) Jn the power loom this is generally effected 
by cam movement operating on picking arms or 
levers. There are two distinct methods: (1) Over- 
pick ; (2) Umlerpick. Sec Loom. 

Pickle. An acid solution used for cleansing the 
.surface cd uiotallic objects. See Tickling. 

Pickling (Chem. Tech.) Candle wicks arc pickled 
to prevent them burning loo fast, and also avoid 
tlicir leaving too imn li a>h. P*orax, sal-ammonia, 
and phosphate of auimimia solutions are Si>me of 
those employed. The w'icks arc steeped, wrung out, 
and dried. This treatment has done away with 
“ snuffing.’* 

(Eng.) Removing the bard skin on metal 

castings by immersion in dilute sulphuric or nitric 
acid; also used a.s a general term for processes in 
whirli an acid (or occasionally another liquid) is 
allow'cd t(3 act on metals for the purpose of 
cleaning, etc, 

{Ijcather Manufac.) Sheep skins, after the 

wool has been removtHl, are pickled for export. 
The most common method in use is soaking the 
}>eUs in a weak solution of sulphuric acid, to which 
is added an excess of salt. Formic acid may be 
substituted for the sulphuric. See also Cubing. 

(Met.) The immersion of steel, etc., plates 

in dilute vitriol (q.v.) to remove scale and oxide 
prior to galvanising, or otherwise coating with a 
protective covering. 

Picki (Cotton Manufac.) The term is applied 
to the weft threads in a cloth; sometimes termed 
shots. 
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PlflkB (Print,) Blots or patches caused by dirty 
ink or pieces of paper or roller composition filling 
up the face of the letter* They are picked out with a 
needle or sharp pointed bodkin. 

Pioolines (Chem,) The monomethyl pyridines. 
See Pybidisb. a-I’IOOLINE is a liquid; boils at 
130° ; on oxidation it yields picolinic acid. It is 
formed on heating the methyl iodide compound of 
pyridine in scaled tubes. It can be prepared from 
crude pyridine by dissolving in hydrochloric acid, 
and precipitating with mercuric chloride. The 
resulting double salt is decomposed by caustic 
soda. /S'Ficolike is a liquid; boils at 143°; on 
oxidation it givc.s nicotinic acid. It is obtained by 
heating acrolein with acrolein ammonia : 

H 




/\ 

H,C:CH 

CD 

•H,CC 

CH 

OHC 

cnoH 

IIO 

CH 

« 

Hjn/ 

V/ 


Also by heating gl 3 ’cerine with acetamide — 
2CH,011CIIOHOII,OH + t.}I,CONIT, = + 

CHjCOOH + 

J-PlcoLlNE is a liquid ; boils at ; on oxidation 
it gives isonicotinic acid. It .is formed along with 
the a-pi<*oIiTio when pj^idine metldodide is heated in 
a sealed tube. It occurs in coal tar. 

Picric Kcid (Chem,) (Symmetrical trinitrophenol.) 

OH 

C 

NO,C(^^C . NO, 

HCVyCH 
C . NO, 

Sometimes called oarbazotic acid. Yellow crystalline 
solid ; melts at 122° ; sparingly soluble in cold water ; 
fairly soluble in hot water. It is an acM, liberating 
carbon dioxide from sodium carbonate. Burns quietly 
on ignition ; the fused acid explodes powerfully on 
detonation ; it also explodes with great violence 
when hcate<l with an oxidising agent such as red 
lead. It enters into the composition of a number 
of smokeless explosives, such as lyddite. It unites 
with many hydrocarbons directly, e.ff. with anthra- 
cene and naphthalene, and the compc>unds .so formed 
ai-e useful in identifying hydrocarbons. With 
phosphorous pentachloride it forms picrylchloride, 
C^H5(N0,),C1. It is extensively used as a dye; it 
dyes unmordanted wool and silk a greenish yellow 
colour. Hcric acid is formed by the action of nitric 
acid on many organic substances — e,ff. resins, 
leather, wool, silk. It is prepared by dissolving 
phenol in strong sulphuric acid, and acting on 
the mixture of ortho- and para-phenol sulphonic 
acids so formed with strong nitric acid. See also 
Dteb and Dyeing and Explosives. 

Piorotoxtn (Ckem.) The active principle of the 
Indian Berry {Cooeulns indieus). Silky crystals; 
melts at 192° to 200° with change ; sparingly soluble 
in cold water; fairly soluble in hot water; readily 
soluble in alcohol. Lavorotatory ; dissolves in strong 
sulphuric acid with golden yellow colour ; reduces 
Fehling’s solution. It is poisonous ; its solutions 


have a bitter taste. It appears to be a liiixtiire of 
two substances, tnz, Picrotoxinin^, and 

Picroline, Cj^Hj^Oy. • , 

He (y)ipoff.) Unsorted or “broken*’ type' . jhiftiis* ' 
criminately mixed. , ' . 

Haee Mould. See Cast (Scvlp,) 

Piecework. A system by which workmen are 
paid for their labour at so much for each job Ojr. 
piece of wrork, instead of being employed at a fixed 
rate per hour. 

Heno (Music), Full. 

Pier (JSuild.) (1 ) A pillar of brick or stone. (2) The 
part of a wall which is made thicker, forming a 
vertical projection. (3) The solid parts between 
openings in a wall, e.ff, where a 'window or door 
intervenes. (4) The support to which a gate is 
hung. See also Arch. 

— (Civil Eng,) A breakwater or jetty built 
out into the sea, serving to form a harbour, a 
landing place, or a marine promenade. 

Piezometer (Phyx.) An instrument for experi- 
ments on the elasticity of liquids; the latter are 
subjected to an increase of {pressure, and the resulting 
diminutibn of volume observed. 

Pig {Glass Manufae,) An iron grooved support 
for tbe blowing or w^orking rods. It is placed 
immediately in front of the mouth of the Pot, and 
upon the Pat, 

(Met?^ The bars in which various metals are 

cast at llie conclusion of the processes of smelting. 
Iron is alw^ays cast in pigs weighing about a 
hundredweight, when it is run out of the blast 
furnace. 

Pig Bed (Met,) A layer of sand in front of a 
blast furnace, in which open moulds arc made for 
casting the pigs. The main channel along which 
the molten metal runs from the furnace is termed 
the iSow’. 

Pig Boiling (Met,) A method of puddling iron 
in wdiich basic oxidLsiU's are added to the 
metal in the furnace to remove the carbon, etc., 
as opposed to “ dry puddling,” in which oxidation is 
effected solely by the air in the gases, to w'hich the 
metal is subjected in the reverberatory furnace. 

Hgeon Holes (Tyjwg,) Wide spaces between 
words are derisively called pigeon holes, it being the 
duty of a compositor to avoid them when possible. 

Pig Iron (Met.) Iron as it comes from the 
smelters. It is roughly classified according to its 
suitability for conversion into wrought iron, steel, 
castings, etc. See also Iron, 

Pigments (Pec.) The class of bodies, either white 
or coloured, which, when reduced to a fine powder 
and mixed with oil, japan, water, or other vehicle, 
form a paint (q,r,) Pigments are both of mineral 
and organic origin, white lead and ochre being 
examples of the former, and ivory black and gamboge 
of the latter. A classification of i^igments may be 
made cither according to Ibeir colour, chemical 
character, or their lasting properties when exposed 
to light and air or to the action of lime. The follow- 
ing lists ore arranged on the last mentioned plan : 
Pigments which are accepted as Permanent : 
Colcothar, Indian Bed, Light Bed, Bed Ochre, Bed 
Oxide, Bouge, Scarlet Bed, Venetian Bed, Verznilion 
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(doubtful), Cobalt Blue, Prussian Blue, Ultramarine, 
Cadmium Yellow, Sienna, Yellow Ochre, Chrome 
Green, Cobalt Green, Terra Yerte, Umber, Vandyke 
Brown, Lampblack, Ivory Black, Carbon Black, 
Baiytes (Sulphate of Barium), Blanc Fixe, Charlton 
White, China Clay, Gypsum lithopoue, Orr’s White, 
Satin White, Strotian White, Whiting, and Zinc 
Oxide. Not Permanent, i.e. pigments more or 
less affected by exposure to light or sulphuretted 
hydrogen : Carmine, Cochineal Lake, Crimson Lake, 
Derby Bed, Orange Bed, Bed Lead, Boyal Bed, 
Scarlet Lake, Signal Red, Vcrmllionctte, ' Mineral 
Blue, Chrome Yellow, Naples Yellow, Chrome Bed, 
Emerald Green, Gi*een Lake, Scheele’s Green, Verdi- 
gris, Sulphate of Lead, and White Lead. As a con- 
stituent of paint a pigment plays an important part. 

It gives solidity and strength to the film of oil, and 
increases its thickness; hence forms a better pro- 
tection to the surface to which it is applied. It 
also renders the film less porous. Of white pigments 
which form the base of most paints the chief virtue 
is opacity or body It is principally ^cause 

white lead possesses this quality in so eminent a 
degree that it is so largely used as a paint. Some 
pigments, such as barytes, are very deficient in this 
quality, but being quite inert and very durable they 
make good paints when mixed in small proportions 
wath white lead, 

Plglkin iBind.) The tanned hide of the domestic 
swine. Much us^ for binding in the Middle Ages. 
Dr. Dibdin stigmatises pigskin in book binding as i 
** the eternal engcndcrer of mould and mildew.’* It 
has again come into use for books that are much | 
handled, for the backs of books in public lending ( 
libraries. i 

I 

Pigtail Twiit. A laboratory appliance for quick- 
ening the filtration of liquids where a vacuum pump 
is not available. It is a piece of glass tubing the 
same diameter as the stem of the filter funnel, with 
a single coil near one end. The shorter length 
coupled to the funnel by indiarubber tubing. The 
weight of liquid in longer limb creates a **puir’ on 
the contents of the funnel. 

Pilaster (Architect.') A column attached to a wall 
from which it projects one-sixth to one-fourth of its 
width. The anta or pilaster used in Greek work was 
always treated quite differently from the detached 
columns, but in Boman and Renaissance work the 
details of the pilaster-capital and base are the same 
as those of the columns. The term pilaster is 
occasionally used to denote a detached square 
column. A pilaster is also known as a parastata. 
8ee riLASTBB Strips. 

Pilastep Strips (ArchitecU) Vertical strips of 
ashlar in the rubble walling of Anglo-Saxon work. 
See Anglo-Saxon Architecture. 

Pile (Citdl etc.) A heavy piece of timber 

of square section, pointed and shod at the end, driven 
into soft or wet ground to form foundation for 
masonry or part of a wall, as in the case of a coffer- 
dam, etc. 

— — (Elect.) (J) A primitive form of battery, 
due to Volta, consisting of a series of alternate discs 
of copper and zinc, separated by discs of cloth 
damped with dilute acid. (2) A Thermopile (q,v.) 

(Her.) One of the ordinaries, in the form of 

a long thin wedge with the point downwards. 


Plla (Met) A number of bars of puddled iron 
(q.v.) arranged one on top of each other ready to be 
heated and welded together ; the mass thus formed 
is again rolled out into bars, which are much stronger 
than the original bar, as the grain or fibre of the iron 
can be caused to run in different directions, accord- 
ing to the method in which the bars are piled. 

(Textile Manufae.) Tlie fibre on the surface 

of cloth. It may be obtrined by raising, in clothe 
which liave been felted ; or developed in weaving by 
using wires over which the warp threads are passed 
and cut; or left in loops, as in Axminster and 
Brussels carpets, respectively. 

Pile Cap (Civil Eng.) A horizontal beam con- 
necting the heads of adjoining piles. 

Pile Driver (Civil Eng.) Mechanism for driving 
piles into the ground. It consists essentially of a 
heavy weight, termed a Monkey, which is allowed 
to fall from a considerable height on to the head of 
the pile. It is guided in its fall by two uprights, 
forming part of the frame of the pile driver. The 
weight i.s raised either by hand or by power. 

Pile Hoop (Civil Eng.) A hoop or band of iron, 
fixed on the upper end or head of a wooden pile to 
prevent the timber from splitting under t })0 blours of 
the falling weight, or monkey of the pile driver. 

Pile Screw ( Civil Ihig.) The screw at the end of 
a Screw Bile (^.r.) 

Pile Shoe (Civil Eng.) An irem point fixed to 
the end of wooden piles to enable them to enter the 
ground. 

Piling (Met.) The arrangement of l)ars and slabs 
of malleable iron or steel to form bundles or ** piles,’* 
which are reheated and welded into a solid mass 
from which sheets, rails, and merchantable iron are 
rolled. Experience and skill are needed in the 
selection of metal and method of piling for various 
pujq^oses. 

Pillar (Architect.) A dLsengaged column used to 
support an arch. Its proportions always differ from 
those of the orders when used in Roman or Renais- 
sance architecture. See Clustered Billab. 

(Mining). A column or mass of ore or rock 

left m riiu in order to support the roof of the 
working. 

Pillar and Stall System (Mining). See Mining. 

Pillar Drill (Eng.) A drilling machine carried 
by a vertical central column or pillar. 

Pillar File (Eng.) A thin narrow file, usually 
with a Safe Edge (q.r.) 

Pillow Block (Eng.) A Plummer Block (q.v.) 

Pilot Engine (Civil Eng.) An engine run in front 
of a train to ascertain that the line is clear, signals 
in working order, etc. 

Pilot Lamp (Elect. Eng). An Incandescent lamp 
which is used to indicate roughly when the voltage 
of a dynamo, storage battery', etc., has its proper 
value. 

Pilot Wirei (Elect. Eng.) Wires leading from r 
particular point in a circuit to enable tests of the 
voltage, etc., at the point to be made at a testing 
station. 



FIL 


533 


rxn 


PUy and Plly Bendy {Her.') A shield divided 
pile also with piles and bends ; the latter term 
IS then used. See Pxle a/nd Hebaldbt. 

Pin CCarp. Join.) (1) A piece that fits into 
the socket of a dovetaiL (2) A short wooden rod of 
small diameter, used in a variety of ways. 

^ A general term for a small cylindrical 
piece of metal, especially one forming the fulcrum of 
a lever, or small ^ed a^de for a wheel or pulley. 


Pinaeoid A crystal form which lies 

parallel to two of the axes of the crystal. 


PinMOllne (Chem.) OH, . CC . GCCH,),. A colour- 
less liquid; boils at 10B°; smells like pepper- 
mint. On reduction it forms pinacolyl alcohol, 
OHgCHOH . C(GIL)„ which is a liquid smelling like 
camphor ; on oxidation it gives trimethylacetic acid, 
(CHAC . COOH. It is formed when pinacono is 
heated with dilute sulphuric acid— 

CH,CH, 

I ^ 
c.on 

CH,CH, 

Pinaoone {Chem.) 


OH. 

CH,— C— CH, + H,0 
CO 
CH, 


(CH,)^c.on 

I (Tetramethylglycol.) 

(CH,),C.OH 

White crystalline solid; melts at 38®; boils at 172®; 
soluble in alcohol and in ether ; dissolves in boiling 
water, and crystallises with 6H,0 ; the crystals melt 
at 42®. Heated with dilute sulphuric acid it loses 
one molecular proportion of water, and undergoes 
a remarkable intramolecular change to Tinacoline 
{q.v,) Pinacone is obtained by the reduction of 
acetone with sodium. S(*e Ketones. Pinacone is 
the simplest member of a wliole series of tetra-alkyl 
glycols, which are called by the general name 
Pinacones. 


Pinacoiheciu A picture gallery. 

Pincers. In carpentry a tool provided with jaws 
for gripping the heat! of a nail which it is desired to 
withdraw from wood. Also ai)plied in other trades 
to tools, constructed on a similar principle, used for 
gripping different objects. 

Pinch Bar {Eng.) A crow bar. 

Pinchbeck, An alloy of copper, zinc, and tin, 
TOmething like gold in ap]:)earance. Formerly used 
in the manufacture of cheap jewellery. Named after 
the inventor, Christopher Pinchbeck. 

Pinched Post {Paper). A sheet of drawing or 
writing paper measunng by 14| inches. 

Pin Cop {Ckftton J^inning). See Cop. 

Pin Drill {Eng^ etc.) A drill or bit having a small 
cylindrical projection in the centre of its cutting 
end, which serves as a guide when a small hole (into 
which the pin fits) is being drilled out to a larger 
size. 

Pino* See Woooa 

Pineapple {Botany). The well known fruit of 
the tropical plant Ananas satinu (order, Bromeliaeea) 


consists of a succulent mass formed by the coal* 
esoenoe of the fruits of a mass of flowers. 

Pinene {Chm.) (A Terpene.) 



A colourless liquid ; boils at 155® ; volatile in steam ; 
smells like turpentine ; it is known in a dextrorota- 
tory (45®), a Isevorotatory, and an optically inactive 
form ; insoluble in water ; soluble in ordinary 
organic solvents. It has a very large number of 
reactions which are important in the chemistry of 
the terpenes {g.v.) A few are : (1) It adds one 
molecular proportion of bromine, forming a didro' 
mide\ it adds a like amount of hydrogen chloride, 
forming a hydrochloride (artificial camphor); it 
adds a like amount of nitrosyl chloride, forming 
pinene nitroiochloride ; it adds twice the amount 
of hypochlorouB acid, forming a dichlorhydrin with 
splitting of the bridged ring ; it adds two molecules 
of water under the influence of dilute sulphuric or 
nitric acids, forming terpin hydrati% which has been 
synthesised and shown to have the constitution {see 
Tbbpenes) 


CH CH, 


OH/ \ 01 


OH CH. 
CH, 


CH, CH, 

When the dibromide is healed, it gives cymene ; 
pineno itself on heating with iodine also gives 
cymene — 

CH O H 

CH CH 


^^^en the hydrochloride is heated with sodium acetate 
and acetic acid at 200®, it does not yield pinene 
again, but an isomeric terpene called camphene. 



The hydrochloride from dextropinene is inactive; 
that from laevopineno is l.'evorotato^'. The nitroso- 
chloride, on heating with alcoholic potash, loses 
hydrochloric acid and forms nitrosopinene, which 
can be reduced to an amine, and the pinylamine 
hydrochloride on heating gives a good yield of 
cymene. The nitrosochloride is important as a 
means of identifying pinene ; for this purpose it is 
prepared by acting on the pinene with glacial acetic 
acid, ethyl nitrite, and hydrochloric acid in the cold: 
the nitrosochloride crystallises out. (2) A very 
large amount of work has been done on the oxidation 
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products of pinene. It is oxidised in air under the 
influence of sunlight to pinol hydrate. 


CH,.C 


OH 

CH 

(T 


CH„ 


OH /CH, 


CH CH 


CH.C< 

\CH, 


Pinol itself- 



is always formed in small quantity in addition to 
the nitrosochloride, when nitrosylchloride acts upon 
pnene. When pinene is oxidised with nitric acid 
it yields terephthalic acid (q.v.) and tcrebic acid— 

OC CH. 

CH, 

— ^CH 
OH, 

COOH 

The same acid is formed when pinol is oxidised with 
nitric acid or with permanganate. When pinene is 
oxidised with chromic acid it yields terpenylic acid : 

OC CH, 

CH, 

0-C— ^CH 
CH, / 

HOOO IH., 

Tlie same acid is formed when pinol hydrate is 
oxidised with potassium permanganate. Both 
terebic and terpenylic acids have been synthesised. 
It will bo seen that every reaction is in harmony 
with the formula given for pinene, so that although 
pinene has not been synthesised its formula may be 
regarded as established. Pinene is the principal 
constituent of turpentine, and the dextropinene 
occurs in American and Burmese turpentine, and the 
laevopinene in French turpentine. Pinene also 
occurs in many other essential oils, e.q, those of 
rosemary, xjine, juniper, camphor, laurel, lavender, 
mace, parsle}^ sage, etc It can be obtained from 
terpentine by distillation. 

Pinholing CDec,) This defect in varnished work 
i.s only found on the best class of work, which has 
been rubbed down with felt and jrowdered pumice- 
stone, and is due to the ground pumice not having 
been properly washed off. 

Pinioii (JSng., etc.) A small toothed wheel. The 
term does not denote any particular size or form of 
wheel. 

Pin Mark A small circular indentation 

on the side of a type, ma<le in the process of casting 
by a small pin in the mould. See TYPEFOUNDiifG. 

Pinnacle {ATchitect^ A feature which frequently 
forms the termination of a buttress in Gothic archi- 
tecture. It was used with the object of adding weight 
to the buttress, thus assisting the latter in resisting 
thrusts. It generally con.siKts of a shaft terminating 
in a small spire. Sec Flying Buttress. 


Pinny (Jl/cf.) Metal containing spicules or small 
fragments of metal, harder than the rest, is said to 
be “ pinny.” 

Pint. See Weights and Measures. 

Pinas {Botany). A large and important genus of 
Conifertr, yielding timber, resin, turpentine, tar, and 
other products, 

Pinxit. This Latin word, or the abbreviation 
pinx.f following the name of an individual on a 
painting or engraving, indicates that such person is 
the |>ainter. The I.iitin word eeulpsit, or the abbre- 
viation sculp., indicates the engraver. 

Pipe Bending (Bog., etc.') In bending pipes of 
soft or malleable metal the cavity is first filled 
with sand, resin, fusible metal, etc., or by driving a 
bobbin or follower into the bore ; the pipe is then 
bent by hammering or by the direct application of 
force in some convenient way. The material in the 
bore prevents a collapse of the pipe at the bend ; it 
is removed when tiic bending is completed. 

Pipeclay. Kaolin or china clay It is u.scd 

in forming both moulds and patterns in some kinds 
of castings, and f<^r very many economic purposes, 
e.g. cleaning or whitening soldiers’ belt.?, gloves, etc. 

Pipe Cotter (Bng., etc. ) A tool consisting of a bar 
bent into a hook which grasps the pipe, and a sharp- 
edged disc of hardened steel which travels round the 
outside of the pii>c. By applying considerable pres- 
sure this steel disc cuts into the metak 

Pipe Moulding. Cast iron pipes are usually made 
in considerable quantities at a time ; the smaller 
sizes arc moulded from an iron tjattern, the larger 
ones are struck (g.v,) The mould is commonly 
vertical. 


Pipe, Organ. See Musical Instruments. 

Pipe Ovens or Stoves (Met.) A scries of pipes 
enclosed in a chamber or oven heated by a fire or by 
furnace gases; air is driven through the xdpes to 
become heated before being supplied to a blast 
furnace worked with a hot Mast. 


Plperaceas {Botany). A lowly order of Dicoty- 
ledons of economic interest, as the genus Piper 
supplies the condiment pepper and C'ubebs and 
Matico. The Betel leaf used in Areca nut chewing 
is derived from Piper ht’tU\ 

Piperazine ( (%em.) KlI XH 

White crystalline solid (tables) ; melts at 104^ ; boils 
at 145°; soluble in water; its solution is a good 
solvent for uric acid, and is used in medicine, but 
its value is douV)tful ; powerful alkali ; obtained by 
heating ethylene diamine hydrochloride, or by heating 
aniline with ethylene dibromide, forming the nitroso- 
compound of the product of Uiis reaction, and boiling 
the nitroso-compound with alcoholic potash — 

2 C.H 5 Nn, + 2 C,H,I!r, = f’.HjX < 0 h';cH^ + 

4HBr 


Piperidine (Chem.) 

H,C 

n,c 



NH 


(Hexahydropyridine.) A colourless liquid ; boils, at 



PIB 


535, 


PIS 


106*^; smells like ammonia and pepper; soluble in 
water ; powerful base, forming salts ; it is a secondary 
base, for it yields a nitroso-oompound with nitrous 
acid, and gives methyl piperidine with methyl iodide. 
Not attacked by boiling concentrated nitric acid; 
heated with concentrated sulphuric acid, it yields 
pyridine. It is prepared from piperine by 

boiling with alcoholic potash ; also from pyridine 
by r^uction with alcohol and sodium amalgam; 
also by heating pcntametbylcnediamine (seeCADAVE- 
BINE) hydrochloride 

[, - cii;nh.,iici “ 

+ NU,C 1 

nperine (^Ckem,y 

cn, 

}l/5 CIT, 

11,0 CH, 

N-co-cii=cn-cii = cn . c 
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1, 

CO'" 

1 

J 

11 

11 c 

1 
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(an alkaloid). A white crystalline solid (prisms); 
melts at 12l>® ; insoluble in water, soluble in alc(»hol 
and ether ; it is a very weak base ; with concentrated 
sulphuric acid it gives a blood -red coloration which 
vanishes on addition of water (test). Boiled for 
twenty-four hours with alcoholic potash, it is resolved 
into piperidine (//.r.), which can he distilled off, and 
pipcric acid, riperine can be reproduced from thcfc 
by making the chloride of ptt>erio acid and allowing 
this to a<‘t on piperidine in solution in benzene. 
When pipcric acid is o.xidised it yi<‘lds piperonal 
(^,r.), and the acid can be syntlicsiscd from pijxTonal 
thus: riperoual is carefully heated with aldehyde 
and dilute caustic soda — 


/MU'ir, 

‘/ii -I CUj.CHO^ 

\c 

\o 


c.H 3 <- ■ +II 3 O 

\cil:Cn.C'HO 

ri;>crrmyl Acrolein. 


This aldehyde undergoes Perkin’s reaction (//.r.) wdth 
acetic anhydride and sodium acetate — 






\rH : 


CIJ . CHO 


+ CILCOOII 


- ■ +11,0. 

\cn : cn - cii : oil - coon 


The product is piperic acitl. TIjus ])ipcrinc is an 
alkaloid which can be completely synthesised, 
riperine occurs in black pepper, white pepper, long 
pepper to the extent of 8 to 8 per cent. It is obtained 
from the ground w'ldte pepper by mixing it with 
slaked lime and water, boiling for 15 minutes, and 
evaporating to drj'ness on the water bath. The dry 
powder is extracted with ether, and the crinle 
alkaloid crystallises out on concentrating the etheral 
solution. It is recrystallised from alcohol till 
pure. 


Piperonal iChem,) 


>CH, 


CHO 
C 

ncj^CH 

ncl^co\. 

c.o^ " 

(Protocatechuicaldehyde methylene ether). Also 
called Heliotropine, because it smells like heliotrope. 
A white crjstaJline solid (prisms); melts at 87*^; 
soluble in alcohol, ether, hot water. Its chemical 
behaviour is that of an aldehyde, it gives 
pipcronylic acid, CH 20 .^CgTl 3 C 00 H, on oxidation; 
pipcronyl alcohol, CII.p.PgH 3 CH-OH, among other 
product's, on reduction*; and it yields an oxime which 
melts at 110°. It is formeil from protocatcchuic 
aldehyde and methylene iodide by the action of an 
alkali : it is also formed by the oxidation of piperic 
acid (^eo I'lrEBiNi:) by potassium permanganate. In 
quantity for use as a perfume it is prepared from 
isosafrol. Safeol. The isosafrol is oxidised by 
potassium dichromato and dilute sulphuric acid, the 
l>rodiict distilled in steam, the distillate extracted 
with ether, and the piperonal puriiied by conversion 
into its bisulphite compound. 

CII =vn - CH, CHO 


C 

ncj^^cii 

HC^JcOn 

Isosafrol. 


0 

1IC/<^CH 

iicL JcO\ 

CO— 

Fil)«ronal, 


Pipe Sleekers (Jlfwldi/iff). Tools used in smooth* 
ing the interior of moulds for pipes, etc. 

Pipe Tap etc,) A screw tap (q.v,) for cut- 

ting gas tiircads ; often termed a Gas Tap. 


Pipe Tongs (iTiiy., etc.) Tongs with jaws adaj^ted 
to holding and screwing up wrought iron pipe or 
liarrel. j’lie inner surface of the jaws is curved to 
lit the pipe, and furnished with grooves or serrations 
to secure a firm grip. 

Pique {Textile Manv/nc.) A cloth with ribs or 
welts running from selvedge to selvedge, i^rod need by 
the insertion of thick weft or wadding between a fine 
face cloth and the back \varf>. 

Plpameter. An instrument for measuring the 
amount c»f draught resistance of a road to a vehicle, 

Pirl Finish {Wtwllch and Worsted Manvfac.) A 
style of tinish appliecl to fmc cloths of a Venetian 
type in which clearness and brightness are the chief 
characteristics. 


Pirn {Cotton y^anvfae,) A bobbin, tube, or quill 
nse<l for winding weft yarn on to, so as to fit into the 
shuttle. 


or Quill {Silk Manvfac.) A hollow bobbin 

carried in sliuttle on which the weft is wound. 


Piscina {Architect.) A shallow basin placed in a 
niche near the altar in a church. A pipe is carried 
from the basin to the exterior of the building, tbe 
piscina being intended to receive the water used by 
the priost for washing his hands and rinsing the 
chal'iCe used in the Communion Service. 

Pisolite (6Vtf/.) A coar.so variety of oolite (q.v.) 
with the separate grains, in many cases, as large as 
peas. Like normal oolite, this type seems to be, in 
nearly all cases, due to deposition around a nucleus 
of simccssive layers of carbonate of lime secreted 
and left by an alga. 
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FUtoii la general a movable partition 

fitting doeely' into the bore of a hollow cylinder. 
The piston of a steam engine is a disc, firmly attached 
to the piston rod, and provided with grooves on its 
circnmferenoe into which are fitted piston rings (q.r.) 
or some other form of steam-tight packing. In gas 
and petrol engines the piston is usaally a tubular 
casti^ closed at one end, and the connecting rod is 
attached to the piston without any intermediate 
piston See Gas Ekgikjs, etc, 

— -(ifiuio). A valve used in brass instruments, 
enabling the tube to be lengthened, and lowering the 
pitch of the sound. See Valve Hobn, p. 43.'i. 

Pisteii Packing ( Sng,) The material placed round 
a piston to make a steam-tight or an air-tight fit. 

Platon Ping (jSng,) One of the metal rings fitted 
on a piston to make it steam tight. They arc turned 
to a diameter slightly larger than that of the cylinder, 
and are then cut across and opened out sufficiently 
to enable them to be passed over the piston till they 
fall into one of the grooves cut on the periphery of 
the piston. When the piston is put in place the rings 
press closely against the bore or the cylinder. The 
joints or cuts in the rings should be arranged so that 
they do not come opposite to each other, in order that 
the possibility of leakage may be reduced to a 
minimum. 

Piston Rod (AVty.) The cylindrical rod which 
communicates the motion of the piston to tbe con- 
necting rod. 

ntion Rod Gland (^Eng,) The short tube which 
fits into the stuffing box in the cylinder cover, 
and presses the packing against the piston rod in 
order to make a steam-tight joint. 

Piston Spring {Eng.) A piston ring (y.t?.), or in 
some cases a steel spring placed in the groove round 
the piston to press the ring outward against the 
cylinder. 

Piston Yalve (Eng.) A valve consisting of a 
small piston and cylinder ; in the side of the latter 
are the openings, which are opened and closed by the 
movement of the piston past them. Piston valves 
are occasionally used in steam engines instead of the 
ordinary Slide Valve (g,v.) 

Pitch. The solid hydrocarbon residue left after 
the final distillation of certain organic substances, 
e.g. coal tar. It is used for caulking joint^^ etc., 
and occasionally as fuel. See Gas Manufactube. 
Patent Fuel, Petboletjm, Resins, etc, 

9 Bnrgimdy {Botany). A resinous exudation 

from the stem of the spruce fir, Pieea exoelsa (order, 
ConVeriB), The chief supply comes from Austria, 
Baden, and Switzerland. It resembles colophony, 
and is used medicinally for making plasters. 

— I Coal Tar {Dec,) This is sometimes used 
instead of Volges pitch as a substitute for natural 
aspbaltum. It is obtained by distillation of coal tar, 
and is of two kinds— soft pitch and hard pitch. The 
latter is too brittle for ordinary use. Soft pitch is 
thinned down with naphtha for varnish makers’ use. 
It is also used to mix with coal dust to make 
briquettes. 

intoh (Build.^ Eng.t etc,) (1) The angle of in- 
clination of a roof, a flight of stairs, etc. (2) The 
distance between tbe centres of a number of holes, 
bolts, rivets, etc. (3) The distance a screw-thread 
advances in a single turn, measured along a line 
parallel to tbe axis. (4) The diatance between the 
centres of wheel teeth, measured on the pitch-line. 


Piteh (M^e). The acuteness or mvity of a 
sound, determined by the rapidity with which the 
vibrations follow one another. The nomenclature of 
tbe different octave pitches is 






8va. o^fa. loco. 


CCG to BDB. 
Triple Great or 
32 ft. Sve. 
CCCCtoBBBB, 


CC to BB. C to B. 
Doable Great Great or 
UT 16 ft. Sve. 8 ft. 8ve. 
CCC to BBB. CC to BB, 


ctob. 
Small or 
4 ft. Sve. 
C to B, 



to b’ 

once marked 
or 2 ft. Sve. 


t to b. 


o* to V c* to V 

twice marked thrice 

or 1 ft. Sve. nmrked or 
C in. Sve. 

c* to fr‘. f ■ to &*. 


c^tob* 
four timea 
marked or 
3 in. Sve. 
c* to b\ 


In organ nomenclature, however, it is usual to talk 
of these octaves differently, as shown in the lower 
line of italics above. The standard of pitch in 
England unfortunately varies considerably. The two 
recognised pitches in use at the prestmt time (1905) 
are the following: (1) The Old Philharmonic or 


high concert pitch, A, 


455, and C, 



540 dsuble vibrations per second at 


68° Fahrenheit. This ' pitch was introduced into 
England at the old Italian Opera, and adopted as the 
Kneller Mail or military pitch. Feeling is strongly 
against this extremely high pitch, whicli is 34 
double vibrations per second more for A than in 
Handel’s time; but unfortunately, partly because 
of the cxjwnse of j^roviding new instruments for the 
l>ands, and partly because of an idea that more 
brilliancy is obtained with a high pitch, the re- 
tention of this high pitch is persisted in by militaiy 
bands. (2) The other recognisetl pitch is the New 
Philharmonic, or Diapason Normal, A a® 439 and 
0 « 522 double vibrations per second. This pitch 
has been adopted not only by tbe Philharmonic 
Society, but also by the Royal Academy of Music, 
the Royal College of Music, the Guildhall School of 
Music, tlie Queen’s Hall Orchestra, the Italian Opem, 
etc. The orchei^tral instruments are tuned to the 
French diapason normal A = 435, it being found that 
as soon as the instruments warm up the pitch rises 
four vibrations to A = 439 ; therefore, to meet this 
natural sharpening, the organ and pianoforte (the 
steel strings of this latter instrument having so 
great a tension— sw Pianopobtb, p. 430 -are un- 
affected by the temperature of the building during 
a concert) are tuned to A » 439, as otherwise those 
instruments would soon be out of tune with the 
orchestra. Besides these two recognised pitches, 
there is the Medium, A 446, and C » 530. In 
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England pianoforte toning is done from a C toning 
fork, tbe A toning fork being more osefol for 
orobestral and other stringed instroments.— W. W, 

Plieh (^Typog.') A line, imaginary or real, drawn 
^croBB the coffin or bed of a printing machine to 
indicate the place at which contact is first made 
when the forme passes beneath the cylinder. The 
distance from the edge of the bed may be measured 
by a gaoge. 

Pltebbleiide (ifiia.) A complex oranate of uranyl, 
lead, and other metals, osnally thorium, often 
metals of the lanthanum and yttrium groups, and 
containing traces of radium. Cubic, the crystallised 
varieties being known as Uranniobite, Brdggeritc, 
Cleveite, and Nivenite. The crystallised varieties are 
rare. The commoner massive variety is of a dull grey 
black colour, and has a peculiar pitchlike lustre. Its 
density is high — the massive ^-ariety about f)'4 and 
the crystalli^d variety as high as 97. It contains 
70 to 80 per cent, of the oxides of uranium, with 
about 10 i>er cent, of lead, 6 per cent, silica, and 
3 |)er cent, ferrous oxide, besides traces of many 
other elements. Also known as Uraninito. It is 
found in several mines in Cornwall; abroad at 
Eongsberg in Norway, Marienburg, Scbiiecberg, 
Johanngcoigenstadt, and Wiesenthal in baxony, 
Joachimstal and Przibram in Bohemia, Retzbanya in 
Hungary, Adrianople in Turkey, Middletown and 
Haddam in Connecticut, etc. Jn Bohemia uranate of 
sodium Is made from it. The oxide of uranium pre- 
pared from it is used to gi\o the well known 
opalescent green colour to glass. As a porccHln 
pigment the oxide gives a yellow tint in the 
enamelling furnace and a black colour in the baking 
furnace. The mineral is now of great interest as 
the cLiief source of radium. 

Pltchboard and Join.) A tiiangular 

sha] Hid piece of board, used for setting out stairs. 

Pitch Chain (,Eng.) A metal chain, such as that 
used ill cycles for transmitting motion from one 
toothed wheel to another. 

Pitch Circle {Eng.') Two ordinary toothed wheels 
gearing with one another may be replaced in theory 
by two circles rolling in contact, termed the Htcb 
Circles; the ratio of the diameters of these two 
circles is inversely as the angular velocities of the 
two gear wheels. St‘e aUo Wheel Teeth. 

Pitch Cone {Eng.) A pair of bevel wlieels can bo 
replaced in theory by a pair of cones rolling in contact 
with each other, the axes of the cones intersecting 
and coinciding with the axes of the bevel wheels. 
These oones are the pitch cones of the two wheels. 

Pitcher. A granite set. A small paving stone. 

Pitching Pleeei {Build,) The carriage pieces 
supporting winding stairs. 

Pitch Line {Eng.) Ill the case of a toothed rack, 
the pitch circle {q,T,) becomes a straight line, which 
may be termed tbe Pitch Line. The name is, how- 
ever, often used for tlie pitch circle of an ordinary 
wheel. 

Pitch of Chalne {Cychsi^ He.) Tlio distance 
between the centres of two successive pins in a 
chain. 

Pitch of Poles, Windings, ete. {Elect. Eng.) The 
distance between the centres of polos, armature 
coDdttctozs, etc., measured along the pitch line. 


Pitch of Wheels {Eng.) The distance from the 
centre of one tooth to the centre of the next. 

Pitohpipe (Muiic). A small reed pipe made of 
metal which sounds the difilerent notes of the scale 
when the wind is drawn through by the mouth, 
according to tbe length of the vibrating portion. 
The leng^ths are marked off at the end. It is known 
as Eardley’s chiomatic pitebpipe. 

Pitehstone ( Oeol, ) An eruptive rock with a resin- 
ous fracture and lustre, usually of sub-acid or even 
of Bub-hasic composition, which has cooled from the 
molten state under but little pressure and at a com- 
paratively rapid rate. Hence it has passed direct 
into a sub-vitreous state. Most, if not all, piteb- 
stones occur as Trappean rocks. One of the best 
known examples is the Pitehstone of Corrlegills, 
Arran, in which the microscope reveals structures of 
great interest. Another forms the iScuir of Eigg, 
which may also be intrusive. 

Pit Head Gear {Mining). Tbe supports of the 
winiling gear over the mouth of a shaft. 

Pitman {Eng.) A Connecting Rod {q.v.) 

Pit Bdnd {Build.) Rand that is dug out of a pit, 
as distinguished from scu and river sand. 

Pit Saw {Carp., He.) A long saw worked by two 
men, one standing above the wood, the other below, 
in a pit, termed a Saw Pit. The pit saw is now 
superseded by saws w* irked by power. 

Pitting (Dec.) A defect in varnish which on 
drying shows small holes over its surface. It is 
caused b> a greasy, damp, or oily sur&ice, or it is 
caused by appl>ing an elastic varnish over a hard 
and unyielding ground. Rosin varnishes of low 
grade not infrequently exhibit this defect. 

(Eng.) A common form of corrosion in 

boilers. It is not per uliar to any special part, except 
in locomotives, where the largest ring and bottom of 
the barrel suffer most. Feed water heaters suffer 
chiefly at tho cold water inlet. It takes the form of 
cones or spherical depressions filled with a yellowish, 
dusty deposit, consisting mainly of ferric oxide and 
s >me organic matter, with mineral salts. The powder 
forms a blister above the pit, having a thin skin. 
The skin is chiefly calcium carbonate, ferrous oxide, 
gypsum, and magnesium carbonate. Bad circulation, 
\ery soft, lime free water, and condensation in the 
upper i)art of the steam space, when one boiler in a 
battery is kept standing for long, seem to be the 
chief causes. 

Pin (Music). More ; as piu mosso, more move- 
ment, quicker. Piu/itrte, louder : ahb.p.f. 

PiTOt. A point, centre, or fulcrum, on which a 
related part turns or oscillates. 

{Cloche and Watches). The reduced cylin- 
drical end of a small shaft or ** arbor ” : the part that 
w'orks in the bearing. 

Pixxieato (Music). A direction used in stringed 
instrument music to denote tliat the strings are to be 
plucked with the finger instc*ad of being uowed. 

Plaoe Bricks (BuiUl.) Underburnt, soft bricks, 
only used for inside walls that have to be plastered. 

Placer ( Mining). (1) Gold diggings in general, i.e. 
where surface deposits are washed for gold, etc. (2) 
Mining by means of a jet of water under pressure 
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(hydranlic miuing), by which loose earth, etc., is 
washed away, is often termed Placer Mining, 

PlaoeF ^Pottery). A person whose duty it is to 
place the various wares in their right positions in 
their respective ovens. 

Plajal (ilTiM/c). See Modes. 

Plagal Cadence ( See Cadence. 

Platfioelase (Geol.) A convenient general term 
employed for all the felspars except. Orthoclasc, as 
all but this one cleave at such angles that no two 
of the adjacent cleavage faces are at right angles to 
each other. The two chief Plagioclase fcl.spars are 
the Soda felspar Albite and the Lime felspar Anor- 
thite. Native mixtures of those, in various propor- 
tions, constitute a number of intermediate types, of 
which the Soda Lime felspar Oligoclase and tl e 
Lime Boda felspar Labrador ite arc geologically the 
most important. 

Plain {Lace Manttfac.) Yarn that has not been 
“ gassed.” 

Plain Song (3fHeie). It is the special music used 
oilicially ill the Church services, and is so called to 
distingnish it from measured and figured music. The 
music is written on four-lined staves w'ith either the 
■*5 C®’) or 5 (C) clefs placed on the most convenient 

line according to the compass of the mclod}*. 
which usually does not exceed an octave. The 
notation consists of three shapes, the tlic ■, and 

I 

the gF. These have always br^en known as the long, 
the breve, and the semibreve; but tiie investigations of 
the Bolesmes Fathers show that these different shapes 
are tlie result of different plain song writing, and do 
not express difference of time value. It is shown 
that diamond shaped notes occur in well written 
manuscripts in descending passages only, and Spanish 
manuscripts have diamond shapjcd notes instead of 
square ones throughout, whilst a tail is added to 
every siftyle note. These notes are used in combina- 
tion to form certain figures called neuros. The plain 
song melodies are formed from certain scales called 
inodes the only accidental allowed being the 

B flat, and this in order to avoid the interval of the 
tritone. See also Modes atul Notes, 

Plain Tile (Build.) A flat nxifing tile, with or 
without nibs at the back for fixing. 

Plain Weave (Cotton Nanvfac.') Sec under Loom 
(figs. 2 and 3). 

Plan* (1) The view of an object as seen from 
above. (2) Commonly used for a Sectional Tlan ; 
that is, the intersection of any object, e.tj. a building 
with a horizontal plane. If this plane coincide witli 
the level of ground, we g(‘t a Ground i*LAN ; but 
drawings showing the outline of different floors are 
also termed plans. 

Planchet (Coins). A fiat smooth strip of metal 
from which coins are struck. 

Plane. A flat surface, i.e. one in which a straight 
line Iving entirely in the surface ina}^ be drawn in 
any direction. The last condition should be noted, 
for straight lines may he drawn on the surfaces of 
cylinders, cones, etc., but ti.ey cannot be drawn in 
any direction. 

See Woods. 

Flanei Plane Iron (Carp.) See Planes. 


Plane of the Eolipiio {Ait.ron.) The plane in 
which the Earth moves round the sun. 

Plane of Twinning (Min.) See Twin Plane. 

Planer (Typog.) A rectangular flat piece of wood 
with a smooth surface, and generally grooved on the 
longer edges. Used in conjunction with the mallet 
for levelling type before it is locked up in the chase. 

(Eng.) See Planjno Machine. 

Planes (Carp, and Join.) Planes nsed in the 
woovl working trades may be divided into three main 
classes, according to the nature of the surfaces which 
they arc required to produce, as follows : (1) Planes 
used in producing plane surfaces of indefinite width, 
e.g. Jack, Teyino, Jointing, and Smoothing 
Planes (2) Planes for forming plane surfaces 

of definite and usually small width, e.g. PABBET 
Planes, Ploughs, Match Planes, etc, (3) Planes 
used for forming curved surfaces, such as Bounds 
and lIt>LLows, Moulding and Beading Planes, 
Compass Planes, etc. 

The simi>lc pianos in Class 1 arc described 
separately. Those in Class 2 have a narrow iron, the 
cutting edge of which extends to the extreme outer 
edge of the hotly or stock. They are in mt)st cases 
provided with a Fence or guide, wliich is pressed 
against the edge of the piece of wood which is being 
worked, and ciiuscs the plane to travel parallel to 
this edge. A lUnnET or Kebate Plane has a 
cutting iron from J- to lA in. or more in width, and is 
use<l for ft»rming a rabbet (<?.».) ahmg the edge of a 
piece of wood. The best forms have a fence. A 
Plough has a set of irons, from ^ in. in width 
upward; it is used for cutting grooves of various 
depths and at various distances from the edge of the 
wood. A vertical stop or fence is fitted to regulate 
the deptli of the groove. A Shoulder Plane 
resembles a rabbet plane in form, but has no fence ; 
the body is usually made partly or entirely of metal, 
and the cutting iron is set at a very acute angle. It 
i.s used in cutting acresr the grain in finishing off the 
shoulders of tenons. Match or Matching Planes 
are made in pairs, with Irons suitably shaped for 
fc^rming longues and grooves, etc., for joining two 
boards edge to tilge. 

Planes conlaineil in Class 3 vary very much in the 
form of tiie cutting iron, but otherwise are very 
similar in pattern ; they arc usually without a fence 
when made of wood, tlioiigh the American patterns 
usually pwjssess one. Hollows and Bounds are 
planes with cutting irons whose edge is an arc of a 
circle; they are made in pairs, one being concave, 
the otiier convex. BEADING Planks have the cutting 
edge so fchaped as to cut twwls of difftTent form.s, 
the .solo (.f each plane being so sluqted as to fit 
exactly' to a piece of the finished beading. COMPAS.S 
Planes, Violin Makers’ Planes, etc., have a 
curved sole and enttiug edge, and arc used in pro- 
ducing various concave and convex surfaces. 

All the above planes may bo made either c»f woo<l 
or iron ; the latter have not come into common usq 
ill Knglaiid, though they possess many advantages. 
Among these are the freedom from wear, absence of 
warping and cracking, etc., which prevent the plane 
from losing its correct shape ; the better metbcKl of 
fixing the iron and of adjusting its exact position; 
the very convenient fences, etc. There are also 
various forms of iron plane which cannot be madq 
in wood at all, such as a Bide Babbet Plane, usec^ 
for planing the sides of a narrow groove, and 'a 
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OiBOULAB PLAKifi with a flexible steel sole, which 
can be bent into an arc of a circle, either convex or 
concave. The radius of this circle can be varied 
within very wide limits, and the plane use<^ for 
finishing off circular work, such as carriage wheels. 

Planet of Bymmetpy (Mhu) Imaginary planes 
dividing crystals into halves which are symmetrical 
to one another. The cubic system has nine possible 
planes of symmetry, the hexagonal division of the 
rhombohedral system has seven, the rhombohedral 
division of the same system has four, the tetragonal 
system has five, the orthorhombic system three, the 
monosymmetric system, as its name implies, has only 
one, and the triclinic system has none. 

Plane Surface, Production of. (1) Mechanical 
Method : Three similar plates of iron arc taken, 
each having a surface which has bt;en rendered 
approximately plane by means of a planing machine 
and the ordinary processes of the workshop. One of 
these is then covered with a film of red lead and oil, 
and pressed against the second plate ; the projecting 
portions of either plate cause a jjatch of red lead to 
be transferred from the first to the second plate, and 
these projecting portions arc removed by Scraping. 
By proceeding in this way it is post?iblo to make 
the surface of the second plate an exact counter- 
pirt of that of the first. In the same way the 
third plate can also be made a counterpart of 
the first. If now the scconU and third plates 
be compsired, they will not be an exact counterpart 
of each other unless the first was truly plane. By 
the comparison of the three, taken in jjfiirs, they caa 
ultimately be brought to the same form, wliich must 
be a plane surface. When once such a plane surface 
has been prc|>ared, it may be used as a standanl by 
which other surfaces may be rendered plane, 
SuRB’ACE Plate. (2) Optical Method: Lord 
Kayleigh’s nu'thod of testing the form of a surface 
is to fix the plate in a vessel filled with water at 
such a depth that the surface is about *5 mm. under 
the water. Jf the surface be viewed by mono- 
chromatic light, any in*egularities of tlie surface are 
made visible by the production of interference 
patterns. The }»r(»jectiiig portions are removed by 
grinding or rubbing, and the test repeated until the 
surface becomes sufficiently regular. The method is 
capable of producing a very liigh degree of accunicy. 

Plane Table {SuTveylng). An instrument consist- 
ing of a drawing-board mounted on a triix)d, and with 
arrangements to enable an observed angh^ to be laid 
down direct on a blveet of jiaper stretched upon it. 

Planetary Nebulas Nebulae which shine 

with a planetary and often bluisli light, and are 
circular or slightly elliptical in form. 

Planet! Bodies which revolve round the 

sun in closed orbits, comets excluded. 

Planimeter etc.) An instrument which 

enables the area of any figure to be measured by 
merely drawing a tracing point attached to a system 
of levers round the perimeter of the figure. When 
the tracing point has completed its path, the extent 
of the area is recorded on a graduated dial. It is 
much used for finding the areas of Indicatok 
Diagrams. 

Planing Maohine {Carp , etc.) Planing machines 
for wood are of two distinct typos. (1) Those with 
a fixed plane iron projecting from an opening in a 
tabic, over which the wood is drawn by mechanism. 


(2) Machines with rapidly revolving cutters, Whioit 
may revolve about a vertical or a horizontal axia. * 

Planing Machine {EngJ) The machine used for 
the production of large flat surfaces. The work 
caused to move in a horizontal plane, so as to be 
ac^ted on by a fixed cutting tool. The latter is held 
by mechanism resembling a Slide Rest 
so that the length and breadth of each cut can be 
accurately regulated. 

Planishing etc.) Finishing off bright metal 
work by hammering the surface with a smooth 
hammer, which is in some cases driven by machinery 
so as to give a very great number of light blows in a 
minule. ‘ " 

Plank. A piece of timber over 9 in. wide, generally 
11 in., and from 2 in. to 4 in. thick. 

Plant {Eng.^ etc.) The collection of machines and 
other appliances used in any particular workshop, 
factory, trade, etc. 

Plantain (Botany). Like the banana, the plantain^ 
Mosa sanientKm^ var. Paradmaca (Mumcca'\ a 
native of tropical climates. The plant sometimes 
reaches a ^height of 20 feet ; the fruit is used as a 
food, and the fibres of the stem yield valuable 
material for cordage and paper. 

Planted Moulding (Carp, and Join.) Moulding 
prepared from a separate piece of wood and fixed to 
any piece of joinery. Cf. Stuck Moulding. 

Plante ’s Secondary Battery (ElecU) See Accumu- 
lators. 

Plaque. A decorative piece of terracotta, metaL 
or other material, sha^jed like a plate and bearing 
some ornamental design suited to the material upon 
which it is executed. 

Plasma (Mi»,) A scmi-translucent pale green 
variety of Chalcedony. 

Plaster. A mixture of lime and sand. See 
Cements. 

Plaster Cast. See Cast. 

Plaster, Fibrous (iJeo.) Moulded ornaments made- 
of plaster on a canvas backing, and used for the 
embcdlishnient of ceilings, walls, etc. 

Plaster of Paris. See Cements and Calcium: 
Compounds. 

Painting on (Dec.) In pitinting with oil 

paint on plaster made from cither Keen’s or Tarian 
cement, the X)aiiit may be applied within twenty-four 
hours of Ihe plaster being executed.’ If, however^ 
plaster of Paris is used, several tlays must, be allowed 
to elapse. The surface having been rubbed down 
with sandpaper, the first coat, mixed somewhat thin, 
may then be applied. After twenty-four hours a 
second coat may be given, and this should be mixed 
with rather more oil than the first. Trai>erfections 
should be stopped with hard lead stopping, and after 
another day a third coat may be given, and after a 
.similar interval a fourth coat. It Is usual to finish 
the surface of a painted wall “ flat,” i.e. without glos6» 
and to stipple the work (tee STiprLiNG).by means of 
u specially made brush, which is dabbed against the 
paint while wet, in order to produce an uneven 
surface. 

Plastic The term applied to substances 

that are capable of being easily moulded or fashioned 
into various forms, e.g. clay, wax, etc. ; appertaining 
to sculpture and the allied arts. 
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Plastic Clay iOeol,) As the name ot a TOological 
formation this is s^rnonymons with the Beamng Beds, 
a local type of development of the middle members 
of the Lower London Tertiaries. The type prevails 
not only near the town of Beading, but as far down 
the Thames Valley as Erith, and also in the Isle of 
Wight and adjacent parts of the Houth of England. 

Plastic Snlphiu* (Chem.) See Sulphur. 

Platanas (^Batany), A genus of the PUttanacea^ a 
Biootyledon order. The timber of the Plane (P. 
eHentalu) and Buttonwood (P. occidental is) are 
useful woods. 

Platband (Architect.') (1) A fascia or band, of 
small projection. (2) A lintel to a door or window 
is sometimes referred to as a Plat-band. 

Plate. (1) Sheet metal. (2) Silver or gold vessels, 
cutlery, etc. (3) Electroplated ware. See Electro- 
PLATING. (4) The term plate is frequently' applied 
to some special portion of a machine or structure, 
c.y. Fish Plate, etc. 

(Enyrar., etc,) A flat sheet of metal upon which 

some subject is engraved in order that impressions 
may be obtained. The term is sometimes applied to 
the printed impression and to illustrations appearing 
in b^ks. A page of stereotype (f/.r,) 

Plate Armour. See Armour. 

Plate Colunuic ( Chem. Eny.) A special form of 
reaction tower (such as the Lunge- Bohrmann type, 
etc.) used in modern methods of vitriol manufacture. 

Plate Dovell (Pattern Making), Metal dowels 
used to connect two parts of a pattern which have to 
be taken apart for withdrawal from the mould. 

Plate Edge Planing Machine (^Eng.) A machine 
used for planing the edges of large plates used for 
making girders, etc. The sheet of metal is fixed, 
and the cutting tool travels along it. 

Plate Furnace (Bng.) A form of revcrl)eratory 
iumace u.sed for heating large plates which have to 
be shaped for boiler work, etc. 

Plate Gauge (Eng.) (1) Gauges consisting of fiat 
plates used as standards of thickness. (2) Gauges 
with notches of known width used for gauging the 
thickness of plates. See aUo Wire Gauges. 

Plate Oirderi (Eng.) Girders consisting of one 
large plate forming a Web and having flanges 
riveted at the top and bottom. 

Plate Glau. This is used chiefly for mirrors, 
large windows, shop fronts, etc. Before being 
polished it is termed Bough 1’latb, and is 
translucent rather than transparent. To 1^ made 
into polished plate, both sides are ground fiat, 
smoothed and polished. The method of manufacture 
admits of very large sheets of plate being made. 
Bough plate is used for lighting, e.g. skylights, etc. 
See Furnaces aftd Glass Manufacture. 

Plate Glaring (Paper Mannfae.) Polishing paper 
by pressure. The paper is placed betw-een copper 
sheets. 

Plate Machine A machine for the pro- 

duction of charges of electricity by the friction 
between a flat disc or circular plate of glass and 
pads or rubliers ; now little; used. 

Plate MIU (Eng.) A rolling mill^with truly cylin- 
drical rollers used for making sheet iron. 


Plate Moulding (Foundry), Monlding (g.u.) in 
which the pattern is made in two halves, each half 
being attached to a Bat plate on which the monlding 
box or flask is Irid while being filled with 

sand. 

Platen (Eng.) The flat table on which the 
material or work lies in planing machines, etc. 

Platen Machine (Print) See Typography. 

Plate Shearing Machine (Ahug.) A shearing 
machine (g.v.) with very long catting edges, for 
cutting large i^eets of metal. 

Plateiy Iren (Met.) Iron plates range from a 
thickness 0*238 in. (No. 4 Birmingham Wire Gauge) 
upwards. Thicknesses below this arc classified as 
** sheets.” But the thin sheets used for tinning are 
called Block Plates, of which singles range from 
No. 4 to No. 20 B.W.G. (*238 to *036 in.) ; doubles 
No. 20 to No. 2o B.\V.G. (*035 to *02 inch); and 
trebles No. 25 to No. 27 B.W.G. (-02 to *016 in.) 

Plate Tracery (Architect.) The form of tracery 
used in Early Gothic work. It consists of openings 
of various shapes cut through a flat slab of stone. 
See Bar Tracery, Flamboyant I'baceby, and 
Tracery. 

Plating. Covering the surface of an object (usually 
of metal) with a layer or coating of some more 
valuable metal. See Electroplating. 

(Eiig.) The marking, catting, drilling, etc., 

of iron plates for boiler or girder work. 

Platinoid (Elect.) An alloy resembling German 
silver, to which 1 or 2 per cent, of tungsten has been 
added. Used for resistance coils. 

Platinotype (Phet-o.) A process of photographic 
printing in which the image is finally formed in 
platinum black. It is de{)cndcnt upon the action of 
light on ferric oxalate, which it reduces to ferrous 
oxalate. The ferrous oxalate, when dissolved in a 
solution of potassium oxalate, instantly reduces the 
platinum from its chlorides and other salts. 

Platinum (Chem.) Atomic weight, 196. A 
silvery white metal; melts about 2000”; specific 
gravity, 21*5; voiy malleable and ductile. When 
melted it dissolves oxygen, but gives it up again on 
cooling. The heated metal absorbs hydrogen, and 
a heated platinum tul)e allows hydrogen to pass 
through it. See Occlusion. Platinum causes the 
union of oxygen with many combustible gases and 
vapour.s ; when the platinum is finely divided, that 
is presents a large surface, it can do this at the 
ordinary temperature; but ordinary platinum wire or 
foil requires to be warmed first. Thus a warm 
latinum wire will cause the union of oxygen and 
ydrogen to <x;cnr, and also the union of oxygen 
with vapour of methyl alcohol; e,g. if a warm platinum 
spiral 1)6 held over the surface of some methyl alcohol 
contained in a l)eakcr, the wire will quickly become 
red-hot, and if the distance be carefully adjusted, 
will keep so, the alcohol being meanwhile oxidised 
to aldehyde. This property of platinum is applied in 
the construction of automatic gas lighters, and in the 
** poker ” used in ;)oker work, where the hut platinum 
causes the union of oxygen with the vapour of a 
hydrocarbon. See aloe SULPHUR Trioxidb under 
Sulphur Compounds. Very finely divided plati- 
num suspended in water displays properties closely 
analogous to those of enzymes, Enzymes, 

p. 205. Platinum is slowly oxidised on prolongetl 
neating in oxygen ; it is not dissolved by any acid. 
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A solution of potassium cyanide dissolves platinum, 
slowly in the cold, quickly on heating. Aqua Bc^ia 
(;.e.) dissolves it, fonning cbloroplatinio aoid, 
Chlorine converts it into platinum 
dichlonde, PtCl,, or tetrachloride, PtCl^. See 
Platikitm Compounds. Platinum is also attacked 
by fused fustic soda or potash, or salts of these 
metals, which liberate the oxides on being heated. 
Easily reducible metals form alloys with platinum, 
so that compounds of lead, zinc, and antimony 
should not be heated in platinum vessels. A 
platinum vessel is injured by heating it in a smoky 
flame, the carbon probably forming a carbide. 
Platinum always occurs uncombinod in nature, 
but never pure ; the ore contains iron, rhodium, 
gold, iridium, palladium, osmiridium, and copper. 
The ore is treated under slight pressure with 
diluted aqua regia, the clear solution evaporated 
to dryness, and gently heated to change the palla> 
dium and rhodium chlorides to less soluble lower 
chlorides. The mass is extracted with water, acidified 
with hydrochloric acid, and ammonium chloride added 
to precipitate the platinum as ammonium platinic 
chloride. The metal is obtained from this double 
chloride by heating it ; when this double chloride is 
gently heated it leaves behind “spongy platinum,*’ 
which is used in the catalytic reactions mentioned 
above ; wlien the metal is to be cast it is melted in 
the oxyhydrogen flame. When platinum is required 
in a still more finely divided form — “ platinum black ” 
— the dichloride is warmed with alcoholic potash. 
For another form of finely divided platinum eee 
Ekzymkk, p. 205. 

Besides the uses mentioned above for platinum 
it is largely used in making dishes and crucibles 
intended for use at a high temperature in chemical 
processes ; and in Russia a platinum coinage was in 
circulation at one time. Platinum wire is use<l In 
making small incandescent electric lamps. Sec aUo 
Platinum Compounds. About 95 per cent, of the 
world’s platinum comes from the Urals in Russia ; 
the amount from Ru.ssia in 1902 was 7,30G kilograms. 

Platlniun (Jfia.) The native metal of the same 
name. Cubic, but usually in grains and nuggets up 
to 21 lb. troy. Colour, white ; metallic lustre. 
Density, 16 — 19. The mineral contains traces of 
gold, iridium, rhodium, palladium, iron, osmium, and 
copper. The jdatinum varies from 45 to nearly 90 
|)er cent. From the Urals in alluvial gravel, from 
which some forty tons are raised annually. From 
South America, Borneo, OuUforuia, St. Domingo, New 
South W’ales, etc. 

PlatiiittmCoinpoimdB(r/u‘i».) Oxides: Platinoiis 
oxidv^ PtO, is a grey i)owder obtained by heating 
platinous hydroxide at a low temperature. On 
heating, it (^composes into its elements ; reducing 
agents easily convert it into the metal ; it has acid 
properties. The platinous hydroxide is obtained as 
a black powder by boiling potassium chloroplatlnite, 
K^PtCl^, with dilute caustic soda in the proportions 
ox one molecule of the former to two of the latter. 
Platinic oxide, FtO,, is a black powder which behaves 
both as a basic and an acid oxide ; it is obtained by 
carefully heating platinic hydroxide. The latter is 
obtained by boiling a solution of platinic chloride 
with exce^ of caustic soda, and heating the pre- 
cipitate with acetic acid to remove sodium . The w hi te 
substance so obtained is dried at KXP, when it forms 
the yellow platinic hydroxide Pl(OH)^. Chlorides : 
PtaHnmu chloride, PtCl^ is a grecnisli brown powder ; 
insoluble in water; soluble in hydrochloric acid, 


fonning chloroplatinons acid, H^PtCl^; deooxBposed 
on hea£u[ig. It is obtained by heatii^ finely divided 
platinum in dry chloiine at 2i(JP to 25^, or by heating 
cbloroplatinio aoid at 30(P. Platinous chloride unites 
with carbon monoxide when heated in this gas at 
260®, forming three compounds, PtCl,CO, PtCT^OO, 
and 2PtCl, . SCO. All these compounds are decom* 
posed by water forming hydrochloric acid, carbon 
dioxide, and platinum. Platinic chloride^ PtCl^: a 
yellow or brown crystalline solid ; soluble in water; 
decomposed on heating. When silver nitrate is added 
to its solution, silver chloroplatinate is precipitated, 
and not silver chloride ; but on warming, the chloro* 
platinate decomposes, giving silver chloride and a 
solution of platinic chloride. The aqueous solution 
is believed to contain the acid H,PtCl,0. Platinic 
chloride is obtained by heating the metal to a high 
temperature in dry chlorine, or when chloroplatinic 
acid is heated carefully in chlorine or hydrochloric 
acid gas; its crystalline hydrate, l*tC1^5H,0, may be 
obtained by evaporating the solution from the decom- 
position of silver chloroplatinate by heating it with 
water. Chloroplatinie acid, TI.,PtClg, commonly called 
platinic chloride, is a reddish brown, deliquescent, 
crystalline solid obtained by dissolving platinum in 
aqua-regifi and repeatedly evaporating with hydro- 
chloric acid on the water bath to remove nitric acid. 
Its salts are important ; the potassium and ammonium 
salts, Kjl’tClg and (NH^)jjPtClg, crystallise alike in 
golden yellow crystals, and are sparingly soluble in 
water and less soluble in alcohol. Their formation is 
em])loyedas a qualitative test for and as a means of 
<juantitat.ively estimating potassium and ammonia. 
Organic ammonia derivatives behave like ammonium 
salts ; €>g. . H)oPtCle is formed from aniline, 

C^IIjNIlj. The potassium salt on heating gives 
potassium chloride and platinum; the ammonium 
salts leave only platinum behind. The sodium salt 
is very soluble in water. When potassium chloro- 
platinate is reduced by cuprous chloride, or when 
chloroplatinic acid is reduced by sulphurous acid, 
and caustic potash added till neutral potauvam 
chloroplatinite, K.^PtCI^, is formed, this salt is used 
along with ferric oxalate in photography in the pre- 
paration of platiiiotypes. PlatinocyanIdbs : These 
compounds arc the cyanogen analogues of the chloro- 
platinites, and may be regarded as derived from 
plaliuocyanic acid, This acid is prepared 

by decomposing its* barium salt with its exact 
equivalent of dilute sulphuric acid, or its copper salt 
by sulphuretted hydrogen^ filtering, and evaporating 
the solution. It forms crystals the colour of which 
depends on tlie amount of water of crystallisation 
they contain ; e.g, ll2pt(CN)^5H20 forms red prisms 
with blue reflex. Soluble in water and in alcohol ; 
reacts acid to litmus, and decomposes car- 
bonates; decomposes above 140° into platinous cyanide 
and hydrocyanic acid. Potamnm pUitinoeyanide, 
K2pt(C5N)^3H,0, forms yellow prisms, which appear 
blue when viewed in one direction ; it eflloresoes in 
air ; soluble in water ; not decomposed at 600°. It 
is used in the prepiu-ation of other platinocyanides. 
It is obtained by heating platinum black with 
potassium ferrocyanide, extracting with water, filter- 
ing and crystallising ; also by boiling platinum black 
with a concentrated solution of potassium cyanide ; 
also by boiling ammonium chloroplatinate with 
caustic potash and a concentrated solution of potas- 
sium cyanide till all ammonia is driven off. 
jr>tefmecyaw»rfe,Bal’t(<^N)^4Il.p,c^tallisesinrhombic 
prisms with a yellow colour with blue reflex, or a 
green colour, according to the way they are viewed ; 
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«pariDgly soluble in cold water, fairly soluble in hot 
water. It becomes fluorescent (yellowish green) on 
exposure to ultra-violet light, to Bontgen rays, and 
to radioactive elements. It is used in making 
fluorescent screens for experiments on these forms 
of radiation, and it was by such a screen that 
Bdntgen discovered his rays : “ I was working with 
a Crookc’s tube covered by a shield of black card- 
board. A piece of barium platinocyanido pai)er lay 
on the bench there. 1 bad been passing a current 
through the tube, and 1 noticed a peculiar black line 
across the paper.” The black line would be a shadow 
cast by some object impervious to the rays. This 
salt is prepared by decomposing the copper salt by 
baryta water. The copper salt is prepared by pre- 
cipitation of potassium platinocyanide by copi^er 
sulphate; it is also prepared bypassing the vapour 
of hydrocyanic acid into hot water, in which plati- 
nous chloride and barium carbonate are suspended 
until carbon dioxide ceases to be evolved. Magnb- 
jsiUM Platinocyanide, MgPt(CN) : Crystal- 
lises in regular prisms, which exhibit a flue series 
of colours — red, dark red, green, blue, blue violet, 
according to the way in wdiich they are viewed. 
Crystallised from aqueous alcohol, it gives crystals 
containing CHgO, which are ^^ellow wdth blue and 
green reflex. The heptahydiate loses 2IT.,0 at 40'' 
and the resulting pentahydratc is blue ; at 100° the 
dihydrate is formed, which is colourless. It can be 
pre|)ared by the action of magnesia on platinocyanic. 
add, or by precipitation of a solution of the barium 
salt with magnesium sulphate. Complex nitrites of 
platinum arc known, such as K,rt(N0..)g. Complex 
Ammonia Compounds ; Very many ‘compounds of 
this kind arc known. They may be divided into tw'o 
chief classes, viz. platinous and platinic compounds. 
In the former, one atom of platinum unite.s with four 
molecules or groups to form a complex radical, 
which may then act w'itli a maximum valency of 
two. In the latter, one atom of platinum unites witli 
six molecules or groujjs to form a complex ra«lical. 
which may then act with a maximum valency nf 
four. The Platinous Compounds : Taking as 
example.^ the ammonia and chlorine compounds, we 
Jiavc the following: 


I..I 


pt(Nn,), 



Tetrammine platinous clilor- 
ide or Platodiammiue chlor- 
ide. 


Cl ] 

>’H,) } 


I'Chlortriamminc platinous 
I chloride or Platochlormono- 
( diammine chloride. 



Platinum dichlordiammine or 
Platosammine chloride and 
I’la tosemidiammine chloride. 


Tn these comx>ounds isomerism can occur in 
Class III. only. To distinguish between the isomers 
when the first name is used, the one compound is 
called a cis-compound and the other a trans-com- 
pound. When the other names are used, the plato- 
semidiammine is identical with the cis-arrangement, 
and the platosammine with the tran.s-arrangemeut. 
Besides ammonia and chlorine, a large number of 
other radicals can occur in these compounds. e,g. 
aminos, pyridine, the sulphonic acid group b0.pli, 
nitrate, sulphate groups, etc. It is clear w'hen other 
grou{>s besides ammonia and chlorine enter into 
tbe.se compounds, isomerism may occur with any of 
the classes, Examples of these compounds are 
Magrvuit's Green Salt^ which is the platinous chloride 
compound of tetrammine platinous chloride, and has 
the formula [Pt(NH,)JCla . rtCl|. It is obtained 


by' acting on a boiling solution of platinous chloride 
in hydrochloric acid with ammonia, and is insoluble 
in water and in bydroobloric acid. Wlien Magnus’s 
green salt is boiled with ammonia, it gives tetram* 

mine platinous chloride,|pt(NH,X jcij(Beiset*s first 

chloride). When this is heated at 250° or evaporated 
with concentrated hydrochloric acid, it yields the 
trans-platinum dichlordiammine or platosammine 

{ Cl I 

^\nI 1) I chloride). The 

com{>ound isomeric with this is obtained by the 
action of ammonia on fx>tassium cbloroplatinito ; it 
is the cis-platinum dichlordiammiuc or platosemi- 
diaramine chloride. The Platinic Compounds : 
Taking as examples the ammonia and chlorine 
compounds, we have : 

.|pt(NH 3 \|ci,|nexammine platinic chloride. 

f Cl 1 rTctramminechloroi>latinic chlor- 

11.-! rt.Jr.j--, ido or Platinchlorodiammino 

[ [ chloride. 


/rt I 


I Triamiuinechloroplatinic chlor- 
C1 ide or rialinchloromonodiam- 
I mine chloride. 
Diammincplatinlc chloride or 
I^latlnchloroammiuc or Platin- 
chlorosemidiammine. 


Isomerism has been observ'ed in Class IV. Other 
radicals besides ammonia and chlorine can occur in 
these compounds. It is doubtful if representatives 
of Class 1. arc yet known. The platinic compounds 
are obtained by oxidation of the platinous com- 
]>ounds. In both the j^latinous and platinic com- 
pounds thti elements or groups in the ctiinplex nulical 
do not sh(»w their ordinary reactions. For example, 
the platinum is not precipitated by sulphuretted 
hydrogen ; the ammonia is not liberated by boiling 
with caustic soda; the chlorine is not precipitated 
by silver nitrate. For an explanation of the struc- 
lure of these coin]X)unds see AV'bbnee’s TheoBY. 


Platinum Standard of Light, The iuteusily of 
illumination emitted normally by one square centi- 
metre of platiniuri at its temperature of fusion. 
'Phis standard is also termed the ViOLLB standard. 


Platinum Temperature (JVtgs.) The tenii)erature 
obtained by the measurement of the resistance of a 
platinum thermometer, assuming the increase of 
resi.*<tancc to be simply proportional to the ternpera- 
lurc. If It , 00 be the resistance at I(M>° C., Bq the 
resistance at 0° 0., and II the rcsislance at the 
unkuowm temperature, then the value of the latter 
on the platinum thermometer. i.e. the ])iatlnum 
tempeniture, is given by the equation 

^* = 100i^- 

"loo ^'0 

The difference between this tem))erature (pt) and 
the temperature t on the air thermometer scale is 
given by the equation 


t^pt^d 


\ \vmJ loo 


in which d i.s a constant for the particular platinum 
thermometer used, and is found by means of an 
observation of a third known temperature, usually the 
boiling point of sulphur. See Measvbembnt of 
Tempebatdbb. 


Platinum Thermometer {Phye.) Se^ Measubb- 
ment of Tempebatube. 
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Play (JSng,^ eic.) (1) A limited amount of move- 
ment, regular or irregular, allowed on certain parts 
of a maebine, etc. (2) Space for motion. 

(^Mining), A miner’s term for a period of 

cessation from work with the object of limiting the 
working time or tlm output. 

Play of Colour (ifin.) The property of causing 
light transmitted through the mineral to break up, 
giving a colour effect ; well seen in Opal. It is due 
to the refraction of the light ray in passing into the 
crystal from the air and out again. 

Plaoirum A small im])lcment of tortoise- 

shell, ivory, or metal used for striking or picking the 
strings of a mandolin, etc. 

Plein Jeu {Music), The French term for Full 
Organ. 

Pleistocene {Geoh) Synonymous with Post-Plio- 
cene Quaternary, and other names. Py some 

geologists the term is employed for the (llacial 
Period or Age of Know. During the Pleistocene 
Period Pritain has undergone some important changes 
of climate, from one during wdiich snow was pre- 
cipitated instead of rain to a second, in wLioh dry 
cold wiinls prevailed, and to a third, imicli the same 
us at present. It includes, so far us man is concerned, 
t be Palveolithic I'criod, the Neolithic Period, and the 
Ages of Pronze and of Iron. 

PleochroiBm {Min,) The jJropcrty some minerals 
have <»f api>eariiig of different colours when viewed 
ill different directions. Some minerals arc Dichroic 
{e,g, Dichroito or lolitc), some even Trichroic. 

PleonaBte {Mm,) A black variety of Spinel {q.v,) 

PlierB or Plyera etc.) A small ]»air of 

pincers for handling small articles ; used also for 
shaping wire. 

Plinth {Architect.) The slab-likc member forming 
the lowest division of a b:iftC of a column, pilaster, 
or pedestal. Greek bases had no jdinth. Tlie term 
]>linth is also used to ilcnote^ a slightly projecting 
face at the base of a wall, pier, etc. 

Pliocene The subdivision of the Tertiary 

Period during which the percentage of recent six^cies 
of marine inolluscawas w€>?v than that of the extinct 
s))ecies. Tbc period was pre-eminently the Age of 
Mammals. Tliat it w*as one of long duration can be 
shown by the fact that numerous and important 
geographical, as well as biological, changes took 
place within the period. Our Pritish Pliocene Pocks 
occur chiefly in East Anglia. They include the 
Cromer “ Forest Ped” and tlie various “ Crags,” such 
as the Ucd Crag, Coralline Ch'ag, etc. 

Plot or Plat {Mining). (1) A flat place, especially 
one on which ore is to be laid or piled. (2) A rough 
bridge with a flat roadw*ny. 

Plotting (Chem, Eng,) The process of compres- 
sing or ** squirting” a milled soap into a conqiact bar 
by forcing the ribbons of soap through a nozzle. The 
process is often called pknlding, but the term is 
really derived from the French 

{Eng,^ etc.) Drawing a curve or line through 

a series of points, the {.msition of wliich has hoeti 
dotermiuod by calculation, experiment, or otherwise. 

Plough {IH?id,) The instrument used fur cutting 
ilio edges of a book when it is in the lying press. 
JSev Bookbinding. 


Plough {Carp, and Join,) A tool with a movaUe 
fence, for cutting grooves of various sizes in joinery. 
See also Planes. 

{Elect.) The conductor which makes con- 
tact with the live rail in an electric railway or 
tramway on the slotted conduit system. 

Ploughed and Tongued Joint {Carp, and Jmu) 
A joint for joining boards together. The edges are 
grooved and a tongue inserted. 

Ploughshare Vault {A rehitect.) A vault in which 
the cells {q.v.) are winding surfaces. It is a form 
peculiar to Gothic work. 

Plug (fi'/tff., etc.) (1) A general term for a piece 
of material of suitable shape, used for filling up 
a hole. (2) The movable part of a tap or cock. (3) 
A piece of iron with a male thread to stop the end 
of a gas or water pipe. 

Plug Centre Bit {Carp.) A form of Pin Dbill 
{q.v.) used for making boles in wood. 

Plug Gauge {Eiig.) A cylindrical piece of metal 
accui-atcly turned to a given size and used as a 
standard of measurement. 

Plug Key or Switch {Elect.) A device for making 
and breaking a circuit by means of a metal plug 
fitting a recess between two blocks of metal placed 
close together. 

Plug Tap {Eng.) A tap used for finishing off an 
internal screw thread ; it is made writhout any taper 
{q.v.) 

Plum. See Woods. 

Plumb, i&v Plumb Line, Plumb Bulb. 

Plumbago. A popular synonym for Gbaphite 
{q.v.) 

Plumbago Crucibles (Met.) Crucibles made of a 
mixture of ground plumbago and clay. They will 
stand great heat. 

Plumb Bob. The weight used at the end of a 
plumb line; ii is often pointed at its lower end. 

Plumber Block {Eng.) See I^lummeii Block. 

Plumber’s Cloth {Phimh.) The i>ad used for 
wiping (q.v.) lead pifK* joints. 

Plumber’s Iron {Build.) An iron used for over- 
casting (</.?’.) a wiped joint. 

Plumbing. The execution of lead work in building 
openitions, i.c. the formation of lead roofs, flashings, 
domes, finiaU, breaks, piping, and various work, not 
necessarily in lead, which is connected with the 
foregoing. 

Plumb Line {Eng., Build., etc,) A cord with a 
metal weight at the eiul ; used to test the position 
of lines and surfaces required to be vertical. A 
vertical line. 

Plumb Rule {Build,) A narrow i>iece of board 
w'ith parallel sides and an egg shaped hole at the 
bottom cud for the plumb bob \o swing in. Used 
by masons, bricklayers, and others for determining 
a perpendicular. 

Plumbam, Plumbic, Plumbous ( Chem,) Plumbum 
is the Latin name for lead. The chemical symbol for 
lead, rb, is derived from the word plumbum. The 
words plumbic and plumbous arc sometimes used in 
naming lead salts. 
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Plammer Block iEng,) A casting which carries 
the brasses forming the bearing of a shaft. The 
brasses fit into a suitably shaped opening in the 
block, and are held in place by a Cap bolted to 
the main casting. The latter is furnished with pro- 
jections or flanges, by which it is itself bolted down 
to the baseplate, etc. 

Plumping {Leather Manvfac,) A swelling of the 
leather during the tanning process, generally de- 
pendent on the quantity of acid in the tan liquors. 

Plunger {Eng., etcJ) (1) The piston of a hydraulic 
press (fj.v.) (2) The solid piston of a force pump. 
See Pumps. (3) An implement used to form the 
interior of certain kinds of cheap glassware when 
cast in a mould. 

Plnih {Silh Afanufar.) A form of velvet having 
a long pile, usually xmide in power loom, two widths 
being woven together face to face, the process of 
cutting them apart creating the pile. 

(Textile Manvfae.) A pile fabric in whicli 

the pile is longer than velvet and very frequently con- 
sists of mohair yarn. Used for decorative purposes. 

Plm Thread* A thread cut on a bolt or rod that 
has been thickened where tlie thread occurs, so that 
the diameter of the substance is not reduced by the 
thread. 

Plutonic Rocks ( Geol.) Eruptive rocks which have 
consolidated from a fluid states under very great 
pressure and at a very slow rate. In most cases, if 
not in all, they probably represent the deeper seated 
portions of the great masses whose upjxsr parts have 
been volcanoes. The exposure of J*lu tonic Bocks at 
the surface, therefore, implies upheaval and denu- 
dation to an enormous extent. Granite, Syenite, 
Diorite, and Gabbro are the chief varieties. Plutonic 
Bocks may be classed, in regard to the depth at which 
consolidation took place, as Sub-Idutonic, Plutonic, 
and Ultra-Pl atonic. 

Pluviometer or Pluviameter (Meteorol.') A rain 
gauge. 

Ply. (1) A bend, turn, or plait. (2; A single 
thickness or strand. 

Poeumatic Action (Maine). A form of action 
employed in organ construction to lighten the touch. 
See Organ, p. 439. 

Pneumatic Mechanism. Mechanism actuated by 
compressed air, however supr»lied. 

Pneumatics. The science dealing with tlie 
mechanics of gases. 

Pneumatic Tyres. Se^ Tyres. 

PediettillO (Mwne). A little : slightly. 

Podeet (Build.) A term of wide application, 
signifying an opening or hffle, e.g. the hole left in 
brickwork or masonry to receive the end of a joist 
or girder. 

(Carp, and Join.) TIjc rectangular hole cut 

in the pulley styles of a cased frame to receive the 
weights. 

(Eng.) A general term for a recess or cavity 

in any structure. 

(Mining). A cavity containing a mass of ore 

which does not form a continuous vein. 

Pocket Knife (Carp, and Join.) A broad tool 
similar to a chisel, used for cutting the pockets in 
sash frames. 


Poekat Print (Foundry). A core print (^.e.) 
which is not permanently fixed to the pattern, but 
is detached when the latter is lifted, and withdrawn 
separately. 

Pooo (M%uie). Little : rather : as pace a poco^ 
little by little, gradually; poeo piit rather 

faster. 

Podium (Arehitect.) A continuous pedestal, either 
supporting a ran^ of columns or acting as a parapet. 
Like a pedestal, it consists of a base, die, and comice. 
The term podium is also used to denote the wall 
surrounding the arena of an amphitheatre. See 
Pedestal and Amphitheatre. 

Podophyllum (Botany). A genus of the Berheri^ 
dacte, P. peltatvm (May Apple), yields a medicinal 
resin extracted from the rhizome and rootlets. The 
plant grows extensively in the eastern part of North 
America and in the valleys of the Himalayas. 

Poikllitie ( Geol.) Variegated or mottled. A term 
applied to the pale green decoloration patches which 
often occur in red marls or sandstones. Being of 
common occurrence in the New Bed Bocks, the 
presence of this mottling has led to the whole of 
the New Bed (Le. “Permian” and “Trias” together) 
being classed as the Poikilitic Scries. 

Point (Civil Eng.) A movable rail used in making 
a connection between one set of railway lines and 
another. See llAlLWAYS. 


('Cypog.) The unit of a lineal inch from 

which tlie various sizes of types are regulated. It is 
based on the fact that 72 pica ems are eqmil to a 
lineal foot, 12 points to 1 pica em, and 5 pica ems 
to 1 lineal inch, (See Types.) 


or Dot (Made). This sign • placed after a 

note or rest increases its value by one half. If there 
are more dots than one, each succeeding dot is one 
half the value of that immediately before it, e.g. 

^ ^ equals J J A point or dot placed 

above or below a note indicates that the note 
is to be divided Into half note, half rest, e.g. 


J J equals J** - J* 

• • 




This is called staccato 


(q.r.) 

Point Bap (Lace Manvfae.) A suitably shaped 
bar of iron, extending the whole width of the lace 
maeriine, to which the “ point leads ” arc screwred. 
Each point or needle is adjusted in correct line with 
each carriage in the machine, and a peculiar dipping 
movement is communicated to the bar which enables 
the points to enter between the warp and bobbin 
threads and forward each twist, from its formation 
.at the end of the carriage, through the few inter- 
vening inches to the centre or point where the 
fabric commences to be formed. See also POINTS 
a?ifl Lace Manufacture. 


Point d*Eippit (Laee Maniifac.) A fine net, with 
small but well defined spots. 

Pointed Work (Build.) H) Masonry dressed 
with a pointed tcKil. (2) Brickwork or masonry in 
which the joints have been finished off by Pointing 

(q.v.) 

Pointers (Aidron.) Two stars in the constellation 
Ursa Major (the Great Bear) which point to the Pole 
btar and enable it to be found easily. 
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Point Holei (Print.^ Pricks made in the special 
positions in the margins of a sheet of paper at the 
moment of printing. When the dieet is reversed the 
points are placed in the holes and register the work. 

Pointii^ {Build.') Forming and finishing the 
external joints of brickwork and masonry so as to 
^ve a neat appearance to the work. The operation 
IS performed by raking out a portion of the mortar 
between the joints oE brick or stone walls in order 
to replace it by new mortar, which is finished off 
or smoothed on the surface with a tool. 

(Scul/f.) Marking off points on a clay model 

to facilitate and ensure accurate reproduction in 
marble, bronze, etc. 

Point Net (Zaoe Mernu/a^,) A net made by the 
aid of a needle. 

Point Net Machine (Zace Manufao.) A **warp 
machine ” (g.r.) 

Point Pass {Textile*). See Ektebino. 

Points {Zare Mamfac.) A series of needlelikc 
instruments arranged with geometrical precision upon 
a bar called the point bar {q.v.) They serve to take 
up the twlht and crosses or intersections in the net. 

{Print.) Pins or spurs fastened to the 

tympan o^ a hand press, or fixed in tlic margins of a 
forme when printed on a cylinder machine, for the 
purpose of securing register whan perfecting the sheet. 

Point Screws (Print.) A small screw and nut for 
clamping points to the tympan frame of a hand press. 

Points of the Compais* The dial of a compass 
is divided into four principal quadrants by lines 
running <liametrically across from N. to S. and from 
E. to W. Each quadrant is bisected by a diameter 
running N.B. to S.W. and N.W. to H.E. Each of 
these eight divisions is again divided into four, 
constituting the tliirty-two r)oint» of the compass. 
Tiieso points are named as follows : 


N., 

N. bv E., 

N.N.E.. 

N.E. by N. 

N.E.. 

N.K. by E., 

fi.N.E., 

E. by N. 

E., 

E. by S., 

E,K.E., 

S.E. by E. 

8.E., 

8.E. by S., 

S.1S.E.. 

S. by E. 

s.. 

H. by W., 

K.S.W., 

S.W. by S. 

8.W., 

8.W. by W., 

W,S.W., 

, W. by S. 

w., 

W. by N.. 

W.X.W. 

, N.W. by W. 

N.W., 

N.W. by N., 

N.N.W., 

, N. by W. 

Points 

of the Shield {Her.) 

The paris denoting 


the position of any figure. The 
shield is divided into nine points. 

Polar. Belonging or relating to 
a Pole {q.v.) 

Polar Azie {Aetron.) The axis 
of an equatorial telescope, adjusted 
to the latitude of the place in 
ffuestion. 

Polar Cape {Astrm.) Some of 
the planets, c.y. Mars and Venus, 
have white caps at their poles 
which vary in size according to the 
planets’ seasons. 

Polar Climate (Meteorol.) The 
principal characteristics of the 
climate of the polar or frigid zone, such as the 
ahaence of solar rays during a longer or shorter 
portion of the year. 


Polar Diftaiioe {Aetron.) The angular diatanpe 
of a star from one of the celestial poles. The Korth 
and South Polar Distances are abbreviated to K.F.D. 
and S.P.D. 

Polaris {Agtron.) The North Pole Star, about 
which ail the other stars appear to revolve. 

Polarisation in a Dielectrie {Fleet.) Let a unit 
area be dmwn in a dielectric at right angles to any 
line AB ; then the polarisation in the direction AB 
is the difference between the number of Faraday 
tubes {q.v.) which pass from one side of the area to 
the other in the direction AB, and the number which 
pass in the opposite direction, BA. 

Polarisation of a Cell {Fleet.) A temporary 
decrease in the electromotive force of a cell, owing 
to certain changes in the substances in contact. 

Polarisation of an Electrolyte. The separation 
of free ions at the electrodes, resulting in the pro- 
duction of an elecLroL" 3iive force in the opposite 
direction to that producing the separation of the 
ions. 

Polarisation of Light {Phye.) Light is said to be 
P0I4ABISBD when the type of the vibration is maintained 
invariable {Preston). In this case every element or 
particle of the ether describes the same kind of curve 
in the course of its vibrations ; or, more generally, 
the nature of the disturbance remains permanently 
unaltered. If the elements are executing vibrations 
in parallel straight lines, the light is said to be 
Plane Polabised; if the paths are circular, the 
light is CiBCULABLT PoLABisED ; if they are ellipses, 
which are similar and similarly situated, the light is 
Elliptic aLLT Polabised. A beam of plane polacr 
ised light has its vibrations confined to a single 
plane ; they arc transverse and analogous to the 
vibrations of a plucked string, all particles of which 
are executing vibrations In parallel rectilinear paths. 
Thus the polarised beam is ttvo sided, and it is by 
this property that the existence of the polarisation 
is detected. Light may be plane polarised in a 
variety of ways, of w'hich the following are the 
chief: — (1) By Keflection : Light reflected from any 
surface is in general ])art]y polarised, i.e. the reflected 
beam is a mixture of polarised and unpolarised, or 
ordinary, light. The amount of polarisation is a 
maximum for one particular angle, which is termed 
the PoLABisiNG Angle for the substance. In the 
case of a transparent substance, when some of the 
light is reflected from the surface and some is trans- 
mitted, the polarising angle is that angle of incidence 
for which the reflected and the transmitted rays are 
right angles ; if 0 be the polarising angle and jn the 
Refractive Index for the medium, then tan ^ n ; 
this is Bbbwsteb’s Law. For glass the angle is 
about 57^ If, then, ordinary light be incident on 
a glass plate, or, still better, a pile of plates, at this 
angle, the reflected ray is plane polarised, (2) By 
Tbansmission : In the above case it is found that 
not only the reflected ray, but also the refracted ray, 
is plane polarised ; both portions contain the same 
amount of polarised light, and their planes of polai- 
isation arc at right angles to each other. But whereas 
the reflected beam is practically completely polarised, 
the transmitted contains an equal amount of 
polarised, mixed with a largo excess of ordinary 
light. Each plate acts similarly, hence a sufficient 
number will completely polarise transmitted rays, 
when the incident light strikes the surface at the 
polarising angle. (3) By DOGBLB HbfbactI0K(^.v.) : 
Both the Ordinaiy and Extraordinary Bay are plane 

36 


1 



1. Dexter Chief. 

2. Middle Chief. 

S. biDistor Chief. 

4. Dexter Baee. 

5. Middle Bum. 

6. Sinieter Doee. 

7* Hunonr Point. 

8. Feeae Point. 

9. Nombril Point, 
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polarised in directions at right angles to each other. 
A pinhole in a card, viewed through a crystal of 
Oalcite, gives two images, the beams of light from 
each being polarised. A plate of Tourmaline, if cut 
parallel to the axis of the crystal, will, under the 
^ame circumstances, show one image only ; two beams 
arc really produced, but the Ordinary beam is ab- 
sorbed, unless the plate be extremely thin. We thus 
obtain a single beam of polarised light. For experi- 
ments on ]K>lari8ed light wc require a device to 
polarise the light, which is termed a Polariseb, 
and an Axalyseii, wliereby the polarisation may be 
detected. The two form a PoLABiscoPE. Consider 
a beam which lias been plane polarised by an}' of the 
means referred to above. Interpose in the path of 
the beam a second arrangement exactly similar to that 
by which the light was originally polarised. This 
forms the Analyser. If the two polarising devices be 
similarly situated (ix. if the second one be so placed 
that it will polarise a beam of ordinary light in the 
same plane as the first does), then the beam passes 
through both Polariscr and Analyser. Now rotate 
the Analyser; the transmitted* beam diminishes 
in intensity, and becomes completely extinguished 
when the Analysis Las been turned through a 
right angle. If we suppose the l*olariser to be so 
placed that the vibrations which it transmits are 
confined to a hnrizantal plane, then the Analyser 
will be so turned that it only transmits vibrations 
in a vertical plane ; therefore, if the vibrations are 
of a transverse nature, none can pass through the 
two in succession, and extinction of the beam occurs. 
The most usual method of polarising light is by means 
of a Kicol’S PBis.\f, or, as it is often termed, a Nicol. 
A crystal of Iceland Spar, abcd, is 
cut across along AC, and the two lialves 
cemented together by a film of Canada 
Balsam. The Index of licfraction of 
this substance is less than that of the 
ciystal for tlie Orrlinary Hay, but 
greater than its value for the Extra- 
ordinary Hay. "When a ray EF enter- 
ing the prism is split up into two rays 
FH and FQ by double refraction (y.r.), 
it is therefore possible to get rid of 
the Ordinary Ray by total internal 
reflection (q.v.) at H, while the Ex- 
traordinary Ray passes througii, and 
emerges at G as a plane polarised ray. 

A Nicol Prism can be used cither as a Polariscr or 
Analyser. Various other polarising prisms have been 
invented, varying chiefly in the methods employed in 
order to effect a separation of the two raj s of polari'^wl 
light produced in a doubly refract ing medium. When 
the I^olariser and Analyser of a polari scope are so 
placed as to cut off the f>assage of light, they are said 
to be “crossed.” Any doubly refracting transparent 
substance placed between the crossed I’olariser and 
Analyser will'(except in certain positions) cause light 
to pass. This is because the velocity of light in the 
substance varies w-ith direction of path, and the form 
of the incident vibration liciice passes through cycles 
of change of the Lissajou figure type, but limited to 
straight line, ellipse, and circle, so thatthti btiam may 
emerge elliptically or circularly polarised, and then 
its vibrations cannot be completely stopped by the 
Analyser. This effect, common to all doubly refracting 
substances, must Ins distinguished from the Rotation 
OF THE Plane of Polarisation produced by a few 
crystals, of which quartz is the most imix)rtant, and 
by many' organic liquirls and solutions. In this case 
toe emergent beam is still plane* polarised, but its 



direction of vibration has been rotated through a 
certain angle. If this rotation is clockwise, looking 
along direction the light traveU, it is said to be Right 
Handed, and vice vend. It may be distinguished 
from ordinary double refraction as follows : A plate of 
any doubly refracting substance cut pcri)endicular to 
the axis does not restore light when placed between 
crossed Polariscr and Analyser, behaving like ordinary 
bodies. Rut a j)late of quartz so cut does give light, 
which with white light goes through a sequence of 
colouns, but cannot be extinguished by rotating 
Analyser. With monochromatic light the field can 
be darkened by rotating analyser, and thus the angle of 
rotation measured. Tlie rotation is said to be Right 
Handed if it appears to the observer to be in the 
direction of the liands of a clock, Left Handed if 
in the reverse direction. The amount of rotation is 
projxirtional to the thickness of the layer of the sub- 
stance through wdiich the light passes, and (in the 
case of solutions of optically af’tivc substances) to 
the strength of the solution. The latter property 
affords a convenient means of comparing the 
strengths of solutions of a given c»j>tically active 
substance {e,g. sugars). The solution is placed in a 
tube having its ends closed by flat plates of glass; 
the tube is inserted between the Polariscr and 
Analyser, and the rotation of the latter measured by 
means of a circle divided into degrees and provided 
with a vernier. To enable tlic exaet position of 
extinction to bo observed, some additional device 
is commonly used in conjunction with the Anahwr 
proper. That due to Laurent, termed a Half Shade 
analy'^er, consists of a scmicirc.nlar plate ol quartz 
cut i>arallcl to the axis, and joined to a similar semi- 
circle of glass of suitable thickness. When the two 
halves of this composite disc appear equally illumi- 
iiated, the Anal>her has been turned into the exact 
position. The Bi-Quautz Analyser lias two semi- 
circles of quartz, one being right handed, the other 
left handed in their action on plane polarised light. 
The two halve.s show in gene ml different colours, 
blit assume the same tint when the Analy.ser is 
correctly adjusted. An instrument for comparing 
the rotation produced by liquids is chiefly used in 
estimating the strength of sugar solutions, and is 
consequently termed a Sac’chabimeter. The 
Polarising Microscope is muidi used in the study 
of minerals. It consists of a microscope provided 
with a poiarisei* and an analyser, generally formed 
by Nicol prisms. Minerals ex.atnined by polarised 
light show distinctive characUTi.stic.s, and therefore 
the polarising microscope is much used by petrologists 
and mineralogists in the identification of those 
minerals which are naturally transparent or which 
can be cut into sufficiently thin slices to enable them 
to transmit liglit. A great number of phenomena 
are produced by polarised light under different cir- 
cumstances. If the light form a convcig'ent or 
divergent beam, plates of doubly refracting material 
(e.g, crystals) give a variety of geometrical patterns, 
depending on the direction of tlie axis of the crystal, 
whether it be uni-axal or bi-axul, etc. These patterns 
form rings, crosses, and complex serie.s of curves. 
If the original light be white, these are brilliantly 
coloured ; if monochromatic, they arc simply light 
or dark bauds. To show these figures, an arrange- 
ment of lenses is used to cau.se the light to form a 
convergent beam before passing through the sub- 
stance to be examined. Bach an arrangement may 
be fitted to an ordinary table polarisoope, a lantern 
fKdariscopc for projection on the soreen, or to a 
polarising microscope. * 
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PolavUeope. ^ee Polaaibation of Light. 
Polartied Li^t. See Polaaibation of Light. 

PolariBed Relay {Meet. Eng.) A Relay (^.vObaving 
a permanent magnet instead of a core of soft iron. 

Polarisep (Light). See Polaaibation of Light. 

Polarity. The possession of magnetic poles ; the 
property acquired by a magnetisable body when 
brought into a magnetic field. 

Polar Radius of the Earth. See Radius of 

THE EAATH. 

Polar Relay Eng.) Sec Polakised 

Relay. 

Pole Armature (Blect. Eng.) See ARiiATVW. 

Pole Lathe. A primitive lathe with Dead Centres 
(g.v.) in which a cord is wrapped round the work. 
One end of this cord is attached to a treadle^ the 
other end to a flexible pole. Rotation is produced 
by pressing the treadle, and then releasing it, the 
pole drawing the cord up again. The pole lathe 
is still met with occasionally, c.g. it is used in Uic 
production of chair legs in the High Wycombe 
district. In Eastern countries it is fairly common. 

Pole Plate (^Carp. and Join.) The horizontal 
timber that supports the feet of the rafters of a roof 
over a void. See Roofs. 

. Poles (El{'Ct.) The terminals of a cell, condenser, 
etc. 

, Celestial (Aetrm.) Two points situated 

fK)® from the celestial equator, or two points in the 
sky where a star would have no diurnal motion. 

, Magnetic. In general language, the end.: 

of a magnet or magnetised bar; the parts of the 
magnet at which the magnetic properties appear to 
be chiefly concentrated. If the [jolcs of a magnet 
were true mutliematical points, then the lines of 
f(*rcc would start off radially from these ixiints. 
This condition is never fulfilled, but is most nearly 
approached in the spherical ended magnets invented 
by Robeson and i:>earle. See Robeson Magnets. 

9 Temitrial (Astron.) The extremities of 

the Earth's axis. 

Poles of a Great Circle (Geom.) The two ]^ints 
situate IK)® from the circumference of a great circle ; 
the extremities of the axis of the great circle, i.e. 
the extremities of that diameter of a sphere which is 
at right angles to the great circle. See aho Sphere. 

Polianite (Min.) Manganese dioxide, MnO, : tetra- 
gonal and Isomorphous with tinstone. Compare wdth 
the allotropic l^BOLuaiTE. 

Poling (Met.) The reduction of the copper oxide 
in Rlistor Copper by the insertion of a pole of green 
wood, Tlie gases evolvt'd from the wood serve as 
reducing agents, and also cause the fluid metal to 
splash up and come into intimate cuntact with a 
layer of pure anthracite or cliarcoal, which is spread 
on the surface. When tlie process has been carri€>d 
sufHciently far, the metal is said to be at Tough 
riTCH, and is ready for use. If the process is in- 
complete, the metal is said to be Day or Undbb- 
POLED, and is brittle ; while if carried too far, the 
metal is OvEBPOLED, and must be slightly oxidised 
by the exposure of the surface of the fluid metal to 
the action of the air. 

Poling Boards (Build. ^ etc.) The retaining boards 
that prevent the earth from falling, in a trench. 

Palif hai» nr R^l fgh in g Iron (Bind.) A steel finish- 
ing tool which is heated and passed over the back 


and sides of leather bindings to smooth down bum^ 
and impart a gloss to the leather. 

Polishing Lathe or Head (Ethg., etc.) A small 
facadstock fitted with a mandrel carrying a rapidly 
rotating polishing wheel or brush. 

Polishing Stick (Eng., etc.) A strip of wood 
covered with emery or buff leather, used for polishing 
metal work in the lathe. 

Polishing Wheel (Biig., etc.) A small wheel coated 
with buff leather, or covered with fine emery, carbor* 
undum, or other polishing powder. 

Polissoir (Glass Mannfac.) A block of wood 
attached to a rod of iron with which the flattener 
transforms the cylinders into flat sheets. See Sheet 
Glass and Glass Manufactuab. 

Pollard Oak Graining (Dec.) Is a favourite 
method of imitating wood by British grainers. The 
wood imitated is supposed to be old stumps of trees 
having a variety of grain almost equal to French 
walnut. It is sometimes called “ root of oak.'’ The 
ground colour is made by^ mixing yellow ochre and 
white lead with a little Venetian red and dark umber 
until the requisite depth is obtained. It should, 
liowever, be lighter than walnut. The graining is 
done with* raw and burnt sienna, Vandyke brown 
and burnt umber, and a little ivory black and ultra- 
marine may also be employed. 

Pollen (Botany). Minute grains containing the 
male element necessary for fertilisation in a 
flowering plant. 

Poloniam (Chem.) The first radioactive clement 
isolated by the Curies from pitchblende. It seems 
doubtful if it is really an element. See Radium. 

PolybaBite (Min.) A silver sulpbantimonite, 
OAgjH . Kb.^Rj. Rhombic ; colour, iron black. It 
contains about 70 per cent, of silver, and hence is 
very valuable when in sufficient quantity. From 
Mexico, Chili, etc. 

Polygon. A plane figure, bounded by straight 
lines, more than four in number. 

Polygonaceas (Botany). A dicotyledon order, 
including the Dock, Rhubarb, and Buckwheat. 

Polygonal Rabble (Build.) Masonry built of 
stones worked to polygonal sbax^e. 

Polygon of Forces. See Graphic Statics. 

Polyhedral Angle. Tlic figure produced by four 
(or more) planes which meet at a point. 

Polyhedron. A solid bounded on all sides by 
X>lane surfaces. 

Polymer (Chem.) See Polymebism. 

Polymerisation (Chem.) See Polymebism. 

Polymerism (Chem.) The union of two or more 
molecules of the same substance to form a more com- 
plex molecule whit‘h can be resolved on heating into 
its components. Tt»c actual change is called poly- 
meri.siition : tlie original simple molecule and the final 
complex iiudcculc are called polymers. Rubstances 
are also called jiolymeric when the molecular formula 
of one of them is an exact sub-multiple of that of the 
others, even when the substances arc not mutually 
convertible into each other. Polymerisation is 
distinguished from condensation (<J-v.) by the 
reversibility of the former process. In many cases 
the molecular weight of the polymer is unknown ; in 
such cases the formula of the polymer of unknown 
molecular weight is exprcsse<l by writing down that 
of the substance which has undergone polymerisation 
and adding the suffix n. Examples: Common 
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phosphorus, pol:fmeri8e8 on heating to red phos- 
phorus, (P 4 )n. Aldehyde, C,H^O, polymerises on 
standing to paraldehyde, (CjH.O),, and, on adding a 
little strong sulphuric acid ana keeping the tempera- 
ture below (ft to metaldehyde, (0,11^)11. Many other 
aldehydes also polymerise . Unsaturat^ hydrocarbons 
and their halogen substitution products very com- 
monly polymerise ; e.g, acetylene, on heating, forms 
benzene, ; and monochloracetylene 

easilypolymerises to trichlorbenzene, SOjHCl * 0^6,01,; 
cyanogen, C^N,, polymerises to (C-N,)n, and cyanic 
acid, CHNO, to cyanuric acid, C^H^NjCV 

Polymorphism (Min.) Crystallisation of a mineral 
in more than three different systems. 

Polyosos or Polysaccharides (Otom.) See Caubo- 
HYDBATES. 


Polyphase Currents (Elect, Eng.) Two or more 
alternating currents differing from each other in 
phase by a constant amount. 

Polyphase Dynamo or Generator (Elect. Eng.) 
A dynamo for producing polyphase currents. Sec 
Dynamo. 


Polyphase Motor (Elect. Eng.) A motor worked 
by a polyphase current. 

Polysaccharides or Polysaccharoses (Chem.) 
Substances belonging to the ciirbohydrate class, 
such as starch, cellulose, dextrines, glycogen, 
inulin, etc., all of unknown and probably high 
molecular weight, and having the empirical formula 

PompoBO (Mueie), Pompously. 

Ponty (Glaus Manvfac.) A tapering solid rod 
of iron sometimes called the Woekino Ibon. See 
Glabs Manupactuee. 


Poor Lime (Build. ) A Ume containing from 15 to 
30 per cent, of impurities insoluble in acid. 

Poplar. See Woods. 

Poplin (Textile Manvfac.) A plain cloth, woven 
as tabby, with a fine ribbed lustrous appearance. 
Made from silk warp and a fine worsted shoot. In- 
ferior grades are made without any silk. 

Poppet (Eng.) The loose head of a lathe which 
supports the end of a long piece of work. 

Poppyhead (Architect.) An ornament used occa- 
sionsQly in Decorated and frequently in Perpendicular 
Gothic architecture, as a termination to Ix.neh ends 
in churches. These poppyheads were frequently 
richly can'cd either with leaves or grotesque figures. 

Poppy Oil (Dec.) This oil is obtained either by 
pressure or by means of solvents from the seeds of 
the opium poppy [Papaver sornniferum). The best 
varieties are almost white. The drying qualities of 
poppy oil are almost equal to those of linseed oil. 
It is used principally by artists, but abroad it is fre- 
quently employed for grinding white paints, such as 
zinc oxide and white lead, where a brilliant white 
surface is desired. Specific gravity, *924 to *026. 

Poreelain* A specific kind of potteiy maniifao< 
tured from highly refined earths and mineral salts. 
In the process of manufacture it loses its earthy 
character and becomes a new and valuable material. 
It is characterised mainly by purity of colour and 
a fine tran.slncency, even when made comparatively 
thick. It is non-absorbent and highly resonant 
when struck. See Potteey ^nd Pobcjslain. 

Poronpine Roller (Lace Manufac.) An inter- 


mediate roller either with inserted pins or covered 
with wire caid-cloth. It is contiguous to the work 
roller, and serves to give a more constant ** take up ** 
of the fabric. It also ensures greater regularity in 
the quality of the manufactured 'web. 

Porgie. The raw material (partly offal) from 
which fish oil is extracted. The term is obiefiy 
peculiar to the Atlantic Coast of Korth America. 
Also termed Menhaden. 

Porous Pot or Cell* A vessel of unglazed earthen- 
ware u.sed in primary colls, through the material of 
which the fluids of the cell can percolate, thus estab- 
lishing electrical connection (through the walls of 
the pot) between the inner and outer parts. 

Porphyrite ( (^ol.) A name originally employed 
ill a very loose sense to denote a decomposed lava 
somewhat near andesite In composition, so that even 
trachyte lava and basalt lava sometimes went by this 
name. The modern use of the word is limited to the 
irappean representatives of the diorites at the one 
end of the series and the andesite at the other. The 
rock consists essentially of plagioclaso fe].spar and 
ferromagnesian silicates, generally exclusive of 
olivine, in about equal proportions to each other, and 
in which the structure consists essentially of an 
older generation of larger idiomorphic crystals of 
these minerals set in a finer grain^ matrix of the 
same minerals of later consolidation. 

Porphyritie Structure (Geol.) Many eruptive 
rocks have consolidated in {>art under an earlier set 
of conditions, and jiartly and finally under another. 
Under the earlier contiitions <,*ertain of the consti- 
tuents separate out and complete their growth, while 
the remainder of the rock is still fluid. Under the 
later conditions, which are usually those of lesser 
pressure and lower temperature, the crystallisation 
of the remainder takes place. Hence the earlier 
generation of crystals may present some .special 
characteristic, u.sually in regard to size, as comf)ared 
with tliose of the later generation. The present term 
usefully expresses that fact. 

Porphyry (Gcal.) A lithological term now seldom 
employed in scientific descriptions on account of the 
loose and ill-defined manner in which it was used. 
It originally meant (as its name implies) a certain 
eruptive rock of a purx)1e colour. I‘hen it came to 
be used for any kind of eniptive rock in which there 
was a conspicuous dovclopmcut of large idiomorphic 
crystals in a finer grained base. 

Porpoise (Zaol.) The genus Phoeatna of the 
Cetacean family JDelphinidce. The )x»rpoises are 
found in slioals in the seas around our coasts. The 
oil and skin arc uso<l in manufactures. 

Porpoise Oil. Sometimes sold as ** brown fish 
oil**; is obtained by boiling the flesh and fat of the 
por^joise. The specific gravity at 15** C, is 0*922. 

Porry (Silk Manvfac.) The stretch of warp from 
cane roll to harness, in which the lease or cross rods 
are placed. 

Port (Eng.) See POBTS. 

Portable Engine. Small engines mounted on 
wheels for removal by horses, etc., but distinguished 
from Tbactfon Enginb.s (q.v.) or road locomotives, 
w’hich can travel by their own motive power. The 
ordinary pattern resembles the traction engine in 
form, and has a similar boiler to a locomotive. 

Portamento, Portaado {Mueie). Gliding from 
one note to another. 



FOB 


549 


POT 


IPdrteiillil (ArckUefit,') A gate of iron or of wood 
strengthened with iron. It slid vertically in coulisses 
ox ohaimels formed in the jambs of a gateway, and 
was used in Homan and Oolhic architectnre for the 
purpose of defence. An ornament resembling a 
portcullis was frequently used in the Perpendicular 
style of Gothic arcliiteoture. 

— (Bbr.) Bepresentations are used in heraldry, 
and the portcullis was a device of the Beauforts, 
thcnoe by descent that of the Tudors, and was used 
by the Tudor Henry s. Also used by Westminster 
City and Abbey. One of the pursuivants of the 
College of Arms is entitled Portcullis. 

Portae (Silk Man%fac,') Twice the usual number 
of threads passing from warp bobbins on to the mill 
in the process of band warping. Warping from 
forty-one bobbins (a number often used when organ- 
sine is line), the ends from these bobbins passing 
once on to the mill, to the required length of the 
warp, is a HAX 4 F Pobtes. 

Porter (Linen Mannfae.) This term is used in 
Scotland as an equivalent to beer in Ireland, and 
means forty threads of warp. See Bebb. 

(Afef., ete.'S A bar attached to a forging or 

fagot (^. 0 .), by which it is held during hammering. 

Port Holes (Ikuf.) See Ports. 

Portico (ArckitectJ) A colonnade in front of 
a classic or Kenaissance building. See Colonnade 
Pebistyltum and Stoa. 

Portico in-antls” (Architect) See Anta. 

Portland Bods (Geol.) Bocks of marine origin 
pertaining to the Upper Jurassic Series overlying 
the Kimeridge Clay, and followed by the estuarine 
and fluviatile Purbeck and Wealden Strata, which 
form the uppermost part of the Jurassic Books in 
Britain. The Portland rocks are best exposed on the 
south coast of England, where they yield building 
stones of great value. 

Portland Cement (^Build,) An artificial hydraulic 
cement comfiosed of the diluvial clay of the valleys 
of our chief rivers, mixed in definite proportions with 
the chalk of the same geological districts. These 
materials are finely comminuted in mills, mixed with 
water, allowed to deposit, then desiccated and burnt 
to a point which produces vitrification. See CEMENTS. 

Portland Stone. See Buildinq Stones. 

Portland Vase. See Vases. 

Portrait Oallery, National. See National 
P oBTEAXT Gallery. 

Porta (^Sng») The openings by which steam enters 
and leaves tlie cylinder of an engine. 

Porty (Fitw^ry), A moulder's name for a large 
core print. 

Poaanne (M^uie), (1) Trombone. (2) An organ 
reed stop of rich and powerful tone — of 8 ft., 10 ft,, 
or 32 ft. tone. See Organ, p. 441 

Poae (Art). The attitude or posture assumed by 
an individual for artistic purposes. The attitude of 
a painted or sculptured figure. 

Poaitif (F.), Poaltiv (0.) (Mueie). Choir organ. 
See p. 440. 

Poaitlon CIrolo (Astron.) A divided circle fitted 
to telescopes for the measurement of angles of 
position. 

Poaitfott laameriam (Chem.) See Isombbism. 


PSidtlTe (Mueio). The German name for Choir 
Organ. See Obgan, p. 440. 

(Weaving). As applied to a shedding 

motion, a positive tappet or dobby is one which 
controls the movement of a heald in either an upward 
or a downward direction. See NEGATIVE. 

PoaitiYa Charge (Meet.) A charge of electricity of 
the same kind as that produced when a glass rod is 
rubbed with silk. 

Poaittve Crystal (Pkge,, etc.) A Uniaxal 
Crystal (g.v.) in which the velocity of the Extra- 
ordinary Bay is (except along the Optic Axis) less 
than that of the Ordinary Bay. Quartz and Ice are 
examples of positive crystals. See alto Double 
Befraction. 

Positive Direction of Lines of Force {Meet.) 
The direction along which a positive charge or posi- 
tive pole would travel if free to move through the 
medium in which the lines of force are situated. 

Positive Lead, Wire, etc. (Elect. Eng.) The wire, 
etc., connected to the positive terminal of a source of 
electric current. 

Positive Pole (Elect.) The terminal connected to 
the copper plate or its equivalent in a primary cell ; 
the corresponding terminal, i.e. the one from which 
the current flows, in the case of a dynamo, etc. 

Positive Btreas (Eng.) A compressional, as dis- 
tiogpiished from a tensional stress. 

Post (Paper). Printing paper 19} iu. by 15} in. 
in size. 

(Paper Manufac.) A pile of hand-made 

sheets of paper in the wet state, separated by “ felts.” 

Poitem {Archaol.) A narrow door or gate 
affording entrance for foot passengers to a fortified 
town or castle. 

Poster Stick ( Typog.) A long wooden composing 
stick, used for broadside and poster work. 

Post Horn (Mueic). An instrument of various 
lengths giving the sounds of the 2nd, .Srd, 4th, 5th, 
and 6 th harmonics of the fundamental note, originally 
used by mail drivers. 

Postienm (Architect.) See Cell. 

Post Offieo Box (Elect.) A form of Wheatstone's 
Brhlgc, convenient for transit and used in the Postal 
Service. See Wheatstone’s Bridge. 

Post-Tertiary (Oeol.) A term somewhat ambigu- 
ous in its application; but it is most commonly 
understood to refer to the geological period which 
succeeded the l^te Pliocene. It thus embraces the 
whole of the Age of Snow (or Glacial Period) and all 
the time since. Its chronological value in terms of 
centuries may be gathered from the fact that nearly 
the whole of Etna, 11,000 ft. high, has grown up in 
that time, and that, too, at a rate 'which has been 
estimated at 1 ft. in three hundred years. 

Pot {Met.) A general term for a crucible. 

Pot Arch {Olase Manufae.) A small kiln or 
furnace in which the pots are burnt previous to 
being transferred to the melting furnace. 

Potash {Chem.) A name rather inexactly used to 
indicate either potassium hydroxide or potassioxn 
carbonate ; the context generally enables one to tell 
which compound is meant. It is rarely, ifjdver. 
used in scientific chemistry. "" 

Potash Alum {ChemJ) See Alum. 
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Potash Mioa iAlinJ) A sjnoajm for Husoovito 

PotaBsimn (^Chevi,) K. Atomic weight, 39*2. 
Bbiiiing bluish white metal ; crystallises in octabcilra ; 
melts at ; boils at giving a green vapour 
with characteristic absorption spectrum ; specific 
gravity, 0'875 at 13*. The molecular weight deter- 
mined by the lowering of the vapour pressure in 
mercury solution indicates a monatomic molecule; 
value obtained 30 instead of 39. It dissolves in 
liquid ammonia, forming a blue solution containiug 
the compound potass-ammonium, K^N^lTg. It is not 
oxidised in perfectly dry air or oxygen ; but in 
presence of moisture it is almost instantly oxidised. 
Bums with a violet flame on heating in air or oxygen. 
Decomposes water at the ordinary temperature, 
evolving so much heat that the hydrogen liberated is 
Ignited and bums with a flame coloured violet by 
vapour of the metal, 2K + 2 H 2 O = 2KOH + H,. It 
forms an amalgam with sodium, which is liquid at the 
ordinary temperature and has the appearance of 
mercury. This amalgam is used in making thermo- 
meters which will indicate a higher temperature than 
the boiling point of mercury. Potassium occurs in 
many silicates; e.ff. orthoclase ((f.v.), often called 
potash felspar : as sylvine, K(i; as camallito, 
KCl . MgCi,.0II,O; as kainitc, K.,SO,MgSO,MgC1^5II,0, 
all in the Stassfurt deposits ; in many mineral springs, 
and as an essential constituent of the bodies of plants 
and animals. Potassium was formerly obtained by 
. distilling an intimate mixture of potassium carbonate 
and charcoal at a very high temperature ; but the 
yield was bad. The method now employed is the 
electrolysis of fused caustic potash ; but, owing to 
the ease with which potassium catches fire, the 
kathode must be enclosed. Perfectly dehydrated 
caustic potash is used ; the anode consists of sheet 
iron, and the kathode of an iron wire (3 mm. thick), 
which jiasscs through the bottom of a magnesite 
crucible which is suspended mouth downwards in the 
melted caustic potash. The crucible is withdrawn 
by allowing the charge to nearly solidify ; then its 
contents are broken up under naphtha. 

PoiaBiiara CompoiiiidB. Potassium IIydbidu, 
KH. Slender white needles ; decomposed by water, 
forming caustic potash and hydrogen ; takes fire in 
oxygen and in chlorine ; heated in ammonia gas at 
400®, it forms ^tassamidc, it unites with 

carbon dioxide directly, with quantitative production 
of potassium formate, much heat being developed, so 
that cooling may be necessary — KH + CO^ — HCOOK. 
The hydride is formed by heating potassium in dry 
hydrogen at 360*. Pot Assam ide, KNIIg; a white 
crystalline solid ; melts at 273*^ ; sublimes over 400® ; 
decomposed by water into caustic potash and 
ammonia ; with nitrous oxide it yields the potassium 
salt of azolmide. It is obtained by heating potassium 
in a silver boat in a current of dry ammonia gas. 
Oxides : Potassium Monoxide, K.]0, has not been 
obtained pure. When potassium is melted and the 
theoretical amount of dry air is brought in contact 
with it, the product contains unchanged potassium. 
Potassium Peroxide Tetroxidk, K^O^, is a yellow 
solid; gives up oxygen on being strongly heated; 
behaves as a strong oxidising agent ; e.ff. w ith sulphur 
and phosphorus it forms sulphate and phosphate ; de- 
composed by water, forming caustic potash, hydrogen 
I>eroxifle, and oxygen ; witli dilute sulphuric acid at 
alow tempemturc it is said to form hydrogen tetroxido, 
(Ozoriic acid). It is obtained by melting 
potassium in an atmosphere of , nitrogen, and then 


gradually displacing tho gas by oxygen, which 
combines to form the tetroxide. Potabsium 
I lYDBOXiDB, EOH (often called potassium hydrate 
and oaustic potash). A white brittle solid usually 
met with in the form of sticks which have been cast ; 
deliquescent, and very soluble in water (2 parts 
EOH in 1 part H^O). It is a powerful alkali, uniting 
with all acids to form salts. On this account it 
readily absorbs carbon dioxide &om the air. It 
dissolves readily in alcohol, and the alcoholic solution 
is an important reagent in organic chemistry when it 
is desired to remove the elements of an acid from an 
organic compound which would be hydrolysed if 
aqueous caustic potash were used ; e.ff, 

anj + KOH = KI + H,0 + C,H, 

Ethyliodide. Ethylene. 

It is used in making soap. A methcxl of obtaining 
caustic potash has been described under Alkali (q.v.) 
Another method, which is worked on a very large 
scale, is the electrolysis of a solution of potassium 
chloride in water. The electrolysis is effected by 
one or other of two methods, each having for its 
object the prevention of any action of the chlorine 
which is liberated in the electrolysis on tho caustic 
potash or potassium, as the case may be. The first 
of these methods is known as the diaphragmi process. 
Several varieties of this process are in use; one of 
them is as follows : A large iron vessel contains a 
scries of cells made of cement and provided with 
earthenware covers ; between every two cells is 
suspended an iron plate, and the iron vessel and 
iron plates are all connected together and form the 
kathode. The cement cells all stand on insulating 
porcelain feet, and tlirough the cover of each tliero 
passes a carbon rod, a tube reaching nearly to the 
bottom of the cell, and a delivery tube. All the 
carbon rods are joined together and form the anode ; 
the long tube serves for charging the cell with 
potassium chloride ; the delivery tube serves for 
the escape of the chlorine which is used in making 
bleaching powder. The electrolysis is carried out at 
80 to IKP, and it is stopped when the strength of the 
caustic potash at the anode attains a certain value, 
beyond which the manufacturer finds it inadvisable 
to go. Then the kathode liquid is drawn off and 
concentrated, unchanged chloride separates out, and 
a very pure product is obtained. Tho second method 
is known as the mercury process. Several varieties 
of this process are in use ; one of them, the (lastncr- 
Kcllncr, is as follows ; The cell is made of slate, and 
is divided into three partitions by two slates, all 
three compartments communicating at the bottom 
by means of small holes in the partition slates. 



PlU. 1.— CAaTNBA-KKLLSTEK CELL. 

Mercury to a depth of 3 mm. is put into the cell, a 
solution of the chloride in partitions A|, A, (fig. 1), 
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and water in partition A,. The solution is kept abo\it 
60^, The anodes are carbon rods placed in tbe end 
partitions, and the kathode is an iron plate in the 
middle partition. Nearly pure chlorine (96 to 97 per 
cent.) escapes from the end partitions, and the metal 
alloys with the mercury ; the amalgam is brought 
into the middle partition by rocking the cell, when 
the metal decomposes the water, forming caustic 
po^h, and the mercury returns to the end par- 
titions. The rocking is effected by resting one end 
of the cell on an eccentric F, and the other cud on a 
pivot or knife edge B, the eccentric alternately 
raising and lowering its end of the cell by a dis- 
tance above and b(‘lo\v the horizontal equal to the 
depth of the mercury in the cell, while the rate of 
its revolution is such that the mercury has time to 
acquire its level in each position. When the solution 
in the middle partition attains a strength of about 
25 per cent, caustic potash, it is withdrawn and 
evaporated. Pure caustic potash may be made on 
a laborator}* scale by heating potassium nitrate with 
copper foil for several hours to redness in a copper 
crucible, extracting with water, and evaporating 
the clear solution in a silver basin. Potassium 
C iiLORiDK, KCl, closely resembles common salt, 
only it is more soluble in hot water and less soluble 
in cold water; at 30® the maximum solubility is 
the same for both, 37 parts in 100 parts water. It 
melts at 730®. Its occurrcn<*e has l^cn mentioned 
under Potassium {g.v , ) It is obtained from carnallite 
by heating it to its melting point (176°), when 
potassium chloride scimratca out, and on cooling 
a farther quantity separates, the magnesium chloride 
remaining dissolved in its water of crystallisaiion. 
This salt is used in the preparation of most of the 
other potassium compounds and also as a manure. 
Potassium IUiomide, Kllr, is a white solid, crjstal- 
Using in cubes ; melts at 722°; very soluble iu water. 
Largely used in the preparation of silver bromide fur 
photographic purposes, and in rae<licine in nervous 
diseases, and as a hypnotic. It is prepared by the 
action of bromine on iron filings in presence (>f 
water, forming a mixture of ferrous and ferric 
bromides, and decomposing this mixture with 
potassium carbonate, filtering and crystallising the 
solution ; also by flissolving bromine iu a solution of 
caustic potash, evaporating to diyness, and heating 
the mixture of bromide and bromute with charcoal. 
The residue is redissolved, filtered, and crystallised. 
I'OTABSiUM Iodide, KI, closely resembles the 
bromide in appearance, melts at and is ex- 

ceedingly soluble in water. Its solution in water 
readily (lissolves io<rme, and from the red solution 
lustrous black crystals of the tri-iodide, KI 3 , separate 
on evaporation over sulphuric acid. It is largely 
used in the preparation of other iodides and in 
medicine. Its prejiaration is just like that of the 
bromide. Potassium Chlorate, KCIO., is a white 
solid crystallising in shining plates ; melts at 369® ; 
at 16®, 100 parts of water dissolve 6 paris of the 
salt; at 100^, GO parts. At 372® it begins to give 
off oxygen, and on continued heating it losf\s all its 
oxygen. Traces of chlorine are always evolved in 
this reaction. If the temperature is kept below that 
at which potassium perchlorate decomposes, the 
latter salt is formed as an intermediate product in 
large amount. On account of the case with which 
the chlorate gives up oxygen it is largely used for 
this purT)ose, Mixtures of carbon, sulphur, and red 
phosphorus resiiectively with the chlorate arc easily 
Ignited, iiud the two latter mixtures explode on per- 
cussion ; a mixture of antimony sulphide and the 


chlorate also ignites easily, and this mixture is used 
in tipping safety matches. With hydrochloric acid, 
on gentle wax^ning, a mixture of chlorine and oldorine 
peroxide is evolved, the proportions of the two gases 
varying with the proportions of chlorate and acidr 
and with the temperature. With sulphuric acid it 
explodes violently, unless the temperature is kept 
low; then it forms chloric acid and potassium 
hydrogen sulphate ; on warming, the former decom- 
poses, giving chlorine peroxide and i>erchloric acid. 
It is used as an oxidising agent, e.g, in the destruc- 
tion of organic matter in testing for poisons, in the 
preparation of the dye aniline black, in fireworks, 
and in making matches ; it is also used in medicine. 
On a small scale it can be made by passing chlorine 
into a hot and strong solution of potassium hydroxide, 
3CL + CKOH * 5KC1 + KCIO 3 + On the large 

scale it is prepared by electrolysis of a solution of 
potassium chloride ; to the solution of chloride a 
little potassium chromate is added (it appears to form 
a precipitate of chromium chromate at the kathode, 
which acts as a diaphragm) ; the temperature is kept 
at 60® to 80® ; the electrodes are of platinum, or the 
kathode may be of nickel, and the liquid must be 
kept stirred all the time. The mixture of chloride and 
chlorate obtained, in both cases, can be separated by 
taking advantage of the fact that the chlorate is 'more 
soluble in water than the chloride above 95®, while 
the reverse is the case below 95®. Also, potassium 
chlorate is less soluble the more chloride there is in 
solution; e.g. at 20 ® with 50 grs. chloride per litre 
the solubility of the chlorate is 36*5 grs. per litre, 
while with 180 grs. per litre of chloride the solubility 
of the chlorate is 20 grs. per litre ; more than 180 gts.^ 
per litre of cliloride at 20 ® does not affect the 
solubility of the chlorate. Potassium Cabbonatb, 
KjCO,, is a white, indistinctly crystalline solid; 
melts at 879®, with some decomposition ; very soluble 
in water (100 parts water dissolve 112 parts carbonate 
at 20 °); deliquescent. Its solution is strongly alka- 
line, owing to hydrolysis. On tbe small scale it can 
be obtained by passing carbon dioxide into one half 
of a given solution of caustic potash till it is 
saturated, and then adding the other half : KOH + 
CO, = KIICO3 : KHCO, + KOn - K,CO, + H,0. 
Its' manufacture has been described under alkali 
(^.r.) It is largely used in the manufacture of 
other potassium compounds. Potassium Hydbo- 
GEN Carbonate, KHCO,, also called bicarbonate of 
potasli, is a white crystalline solid ; decomposes at 
190® into carbon dioxide and potassium carbonate; 
less soluble in water than the carbonate (100 parts 
of water dissolve 33*2 parts at 20®); its solution 
decomposes on boiling iu the same vvay as the dry 
salt on heating. It is obtained by saturating either 
a solution of the carbonate or of the hydroxide by 
carbon dioxide. It is used in medicine, e,g. in 
dyspepsia and in gout. Potassium Pbroabbonatb, 
KjC./)g, a bluish white amorphous powder; easily 
decomposed on heating, KjjC,Og == KjOO, + COg + O ; 
soluble in water at C>®, but decomposed by water at the 
ordinary temi>erature, K,C^Ob + 11,0 2 KHCO, + O ; 
with acids and alkalis it gives hydrogen peroxide. 
It oxidises in much tlic same way as hydrogen per- 
oxide; thus it oxidises lead sulphide to sulphate, 
and liberates iodine from potassium iodide at 0®; 
with iieroxides oxygen is evolved ; MnO, + =■ 

MiiCOj + KjCO, O,. It is prepared by electro- 
lysing a saturated solution of potassium carbonate 
at —10® to — 15®, when it separates as a bluish solid ; 
it must be quickly filtei*ed off and dried on a porous 
plate in a stream of diy air : it is never free from 
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carbonate and bicarbonate. Potabsivm Cyanide,., 
KCN, a white crystalline solid, but usually met 
with cast in sticks ; very soluble in water; sparingly 
soluble in cold alcohol ; more soluble in hot alcohol, 
from which it can be crystallised; very poisonous. 
It is a powerful reducing agent, so that when heated 
with metallic oxides it reduces many of them, 
the oxides of lead, tin, etc., Pb^O^ + 4K0N « 3Pb -f 
4KCNO; on this account it is used in blowpipe 
analysis. When heated with sulphur it unites 
directly, forming potassium sulfiiocyanate. In 
aqueous solution it is hydrolysed, KCN + H^O « 
KOII + HCN, so that the solution is alkaline, smells 
of prussic acid, and is as poisonous as this acid, 
and is slowly hydrolysed to formic acid (potassium 
formate), HCN + 2H,0 = HCOOH + NH,. With 
strong sulphuric acid it gives carbon monoxide — no 
doubt from formic acid produced in hydrolysis of 
the first liberated hydrt)cyanic acid. All dilute 
acids decompose it, liberating prussic acid. Its 
aqueous solution dissolves platinum, and its dilute 
aqueous solution with access of air dissolves gold. 
Sie Qold. Its solution dissolves many cyanides 
which are insoluble in water: hence its use in 
preparing the solutions used in the electrolytic 
deposition of silver and gold. It is obtained by 
beating potassium carbonate and carbon at a very 
high temperature in a stream of nitrogen or of 
ammonia : in the former gas the heating i.s done in 
an electric furnace with carbon electrodes; in the 
latter the temperature is only 000^ but the ammonia 
is compressed to one and a third atmospheres. A 
mixture of sodium and potassium cyanides, which 
serves the same purposes as potassium cyanide, is 
made by beating potassium ferroevanide (anhy- 
drous) with sodium, K,Fe(CN), + 2Xa « 4KCN + 
2NaCN Fe. To obtain pure potas.sinm cyanide 
the vapour of prussic acid is passed into an alcoholic 
solution of caustic potash — the pure salt separates 
out. Potassium Febbocyanide, K 4 Fc(CN)g, is a 
white solid. Ordinarily the salt is met with in 
yellow cry’stals, which contain BH^O; in this form 
it is commonly called Yellow Prussiate of Potash. 
It is soluble in water. On heating it alone it gives 
potassium cyanide, K^Fe(CN), » 4KCN + Fe + 

+ N,; on beating with potassium carbonate it 
gives a mixture of cyanide and cyanate. Heated with 
concentrated sulphuric acid it yields pure carbon 
monoxide ; with dilute sulphuric acid it yields hydro- 
cyanic acid. Its solution is oxidisefl by chlorine or 
bromine to potassium ferricyanidc. For the action of 
nitric acid see Sodium Nitbopbusside un^er Sodium 
Compounds. It is used in the manufacture of 
lYossian Blue and in calico printing. It is formed 
by the solution of iron in potassium cyanide solution 
in absence of air, or of a ferrous salt in the same 
solution, the latter being in excess. The chief com- 
mercial source of this compound is crude coal gas, 
from which it is prepared in two distinct ways: 
(I) From the gas before it enters the purifier (see 
Gab Manufactubb, p. 250); (2) from the spent 
hydrated oxide of iron nsed in some gasworks as the 
purifying agent. In this case the spent oxide, after 
a preliminary treatment for the removal of ammonia 
and sulphur, is mixed with quicklime and heated 
at 60^ to 100® in closed vessels, where it loses 
ammonia. The product is extracted with water, and 
the solution of calcium ferrocyanide Is treated with 
sufficient potassium chloride to give the sparingly 
soluble double salt K,CaFe(CN)^ which is filtered 
off, washed, and boiled with potassium carbonate. 
The solution of potassium ferrocyanide is then 


crystallised. POTASSIUM Febbicyakide, K,Fe(ON)j, 
(also called Bed Prussiate of Potash), is a dark red 
solid, crystallising in prismB; heated in air, it gives'* 
potassium tyanide and ferric oxide, with loss of 
cyanogen ; soluble in water. Its solution is decom* 
posed by light, forming the ferrocyanide and a blue 
precipitate ; its solution is used as an oxidising agent, 
being reduced to ferrocyanide, and as a test for iron. 
It is prepared by passing chlorine into a solution of 
potassium ferrocyanide, and crystallising till free 
from potassium chloride. Potassium Sultho- 
CYANATE, KCN6 (also called Potassium Thiocyanate), 
is a colourless, crystalline, deliquescent solid, very 
soluble in water, soluble in alcohol. It yields a blood 
red coloration with solutions of ferric stilts. Heated 
with alkyl iodides, it gives alkyl sulphocyanates. 
With oxidising agents such as nitric acid, chlorine, 
etc., it yields a >cllow solid of doubtful composition 
called pseudo-cyanogen sulphide, C.NjSjIT, which has 
been used as a dye under the name Canarine. It 
is prepared by warming a solution of potassium 
cyanide with sulphur ; also by fusing together potas- 
sium fciTocyanidc, potossium carbonaie, and sulphur. 
The cold and powdered product is extracted by boil- 
ing with alcohol ; from the alcoholic solution the salt 
crystallises out. Potassium NiTitixE, KKO.^ is a 
faintly yellow crystalline (prisms) solid ; deli- 
quescent : exceedingly soluble in water (dissolves in 
onc-tbird its weight of water) ; solution is yellow and 
slightly alkaline ; readily decomposed by acids, 
giving nitrous acid O/.r.) It is obtaino<l by fusing 
potassium nitrate at a dull red heat, and gradually 
adding lead, extracting the fused mass with water, 
and purifying by recrystallisation. A purer product 
is obtained by passing the red fumes from nitric acid 
and arsenious oxide into a solution of pure caustic 
potash till nearly neutral ; the nitrite ran be crystal- 
lised by concentration to the requisite strength. 
Potassium Nitrate, KNO, (also called Salijetre 
and Nitre), is a white solid crystallihing in rhombic 
prisms; melts at 352®; very soluble in water (at 
20°. 100 parts water dissolve 3i'2 parts KNO,). On 
ho.ating above its melting point it loses oxygen, form- 
ing the nitrite, and .at higher tcmi)eratures it loses 
nitrogen and forms a mixture of the oxides. It is 
reduced to ammonia by the action of the zinc-copper 
couple on its solucion. Heated with oxidisable sub- 
stances, it gives up oxygen to them ; e.ff. sulphur 
thrown into the fused salt bums brilliantlv, so too 
carbon : 2K NO, + 28 - + SO., + N, . 4 KNO, + 5C « 

2K„C0, + 3C02 + 2N.^. See also P'oTAssiUM Nitrite 
and Gunpowder. It occurs naturally iu rich soils, 
in most spring and river waters, as an efflorescence 
on the 60)1 in many hot countries. Formerly the 
chief source of nitre was the natural product formed 
by nitrification (q.v,) in the soil al)out t he drains of 
Indian villages. On the large scale it is made by 
double decomiositiou between potassium chloride 
and sodium nitrate. The diagram (fig. 2) shows the 
solubility of ]:x>tas8ium nitrate and sodium chloride 
expressed in parts dissolved by 100 parts of water. 
Almve 24® sodium chloride is the least soluble in 
water of any of the four salts mentioned. Below 
this temperature potassium nitrate is the least 
soluble. Hence, if hot and strong solutions of 
sodium nitrate and potassium chloride are mixed, 
sodium chloride will separate. Below about 24® 
potassium nitrate will separate ; it does not separate 
pure, but is easily pnrifit^ by reorystallisjng. Nitre 
is used in making gunpowder, in medicine (e.y. in 
asthma, when porous paper is soaked in the solution, 
dried, and ignited, and the fumes are inhaled), and 
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as a food preservative. See aUo Nxtbio Acid md 
PoTAflBnrx SULPHIDIBB. The normal sulphide, E^B, 
has not been 
obtained pure: 
crystals ox 
K,S6^0 are 
obtained by 
evaporating the 
solution ob- 
tained by 
passing sul- 
phuretM hy- 
drogen to 
saturation into 
one half of a 
solution of 
caustic potash, t 
and then adding | 
the other half, g 
Its solution ^ 
does not keep, 
but forms > 
polysulp hides 
and potassium 
thio8ulpha;te. 

LiVEtt OF 8 ul- 
phitr is thi! 
name given to 
the mixture of sulphides, sulphate, and thiosulphate 
obtained by lieating sulphur and potassium carbonate 
together. It is used in niecUciho as an ointment in 
f>ome skin diseases. The Uyukobulpuide, EHH, is 
obtained by healing potassium in sulphuretted hydro- 
gen, or by saturating a solution of caustic potash with 
sulphuretted hydrogen. See Mebcaptaks. Potas- 
sium Sulphate, K^SO^, crystallises in white rhombie 
pyramids; melts at 1,078"; soluble in water; at 15" 
KX) parts water dissolve 10’$ parts; insoluble in 
alcohol. It is used in me<licine. It may be obtained 
by the action of sulphuric acid on the hydroxide, 
carbonate, or chloride ; it is obtained in quantity 
from Kainite, . MgSO^ . MgCl/iHgO, by allowing 
it to deliquesce when the magnesium chloride 
goes into solution and the potassium sulphate is 
obtained by crystallising the residue. Potassium 
J'EBSULPHATE, is a white solid which 

crystallises in tables or prisms; soluble in water (100 
I^arts water dissolve 1*77 parts of the salt at 0") ; the 
solution slowly decomposes on standing in the cold, 
but quickly on warming, with evolution of oxygen. 
On heating it begins to decompose at lOCP : 

= K«SO^ + SO, + 0. It is a slow but powerful 
oxidising agent; it liberates halogen from haloid 
salts ; dissolves many metals, forming sulpliates, and 
then changes the sulphate to peroxide in the case of 
those metals that form peroxides, e.ff. silver gives 
Ag^Oy, nickel gives Ni,0,. It oxidises ferrous sulphate 
to ferric sulphate ; manganous sulphate to manganese 
dioxide; alcohol to aldehyde; salicylic acid to 
bydroquinone carboxylic acid, 
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It is obtained by the electrolvsis of a saturated 
solution of potassium sulphate in sulphuric acid of 
1*2 to 1*8 specific gravity. The electrodes are of 


platinum wire : the anode A is sunk deep in the 
liquid and sealed into a glass tube B for ih^ 
greater part of its length (high 
current density at anode) : the 
kathode K is a ring of wire near 
the surface of the liquid. A 
wide glass tube c surrounding 
the anode carries the liberated 
oxygen to the surface of the 
liquid without its coming near 
the kathode. The electrolytic 
cell D must be cooled by stand- 
ing in a vessel of cold water, E. 

The persulphate separates at the 
anode, and may be purified by 
adding it to hot water and allow- 
ing to cool when the salt crystal- 
lises out. Its formation may be 
represented tlms : The negative 
ions of the acid sulphate travel 
to the anode, and these (a) de- 
compose water, liberating oxygen 
and reproducing acid sulphate; (5) unite with one 
another to form the persulphate 

7qk 'OK 'OKKO 

SO.,x +SOy< >S0^ 

XO- XQ- ‘Xq - 

Potassium Chbomate, K^CrO^, is a bright yellow 
crystalline solid, isomorphous with the sulphate ; on 
heating it melts without decomposition ; very soluble 
in water (100 parts water at 20" dissolve 62*94 parts of 
the salt) ; its solution is alkaline to litmus, and has 
very strong colouring power, one part of the salt 
colouring 400,000 parts of water ; insoluble in alcohol. 
All acids convert the normal chromate to the 
diehromate, e.g, 2K2 CtO^ + IlgSO, = Kj,O,0* + K,SO, 
+ H2O. It is used as an indicator (^.r.; in the 
estimation of silver. It is obtained by adding the 
requisite quantity of caustic potash to a solution of 
the diehromate, K^CrgOy + 2KOH == 2K20r0^ H„0. 

Potassium Dichromate, K/'r^Oy, is a red crystalline 
solid, and the crystals are anhydrous ; soluble in 
water (I(X> parts water at 20" dissolve 13*8 parts of 
the salt) ; insoluble in alcohol; poisonous ; on heating, 
it melts, and only decomposes at a very high tempera- 
ture into the normal chromate, chromic oxide, and 
oxygen, 2K^Cr,Oy — 2K,Cr04 -f Cr,0, -1- 30. Its 
solution has an acid reaction. Heated with sulphuric 
acid, the diehromate reacts thus ; K^Cr^Oy + 4HgS04 
= KjSO^ + Cr/SO^), -s 4H.p -s 30. This reaction 
often occurs in the cold, when the solution of dichro- 
mate is mixed with sulphuric acid in presence of a 
substance capable of uniting with the oxygen ; hence 
the use of potassium diehromate in the '* Bichromate 
battery and in the volumetric estimation of iron, in 
the oxidation of alcohol to aldehyde, of anthracene 
to anthraquinone, etc. Heated with concentrated 
hydrochloric acid, tlie diehromate gives chlorine : 
KjCr^Oy -I- 14HC1 » 2KC1 + 2CrCl, -h TH^O + 301.,. 
Gentle warming with a less concentrated acid gives 
potassium chlorochiomate : 

OK 


CrO.A /OK 

\ O + 2HC1 = 2CrO., / -h 11.0. 
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Heated with nitric acid, it gives the tri- or tetra- 
chromate^ according to the strength of the acid. 



When gelatine is dissolved in a solution of the 
dichromate and allowed to solidify again, it is acted 
on by light, and the dichromate is reduced to chromic 
oxide ; on this fact is based the autotype process of 
reproducing photographs, etc. Potassium dichromate 
is made by roasting chrome iron ore, grinding the 
roasted product, mixing it with potassium carbonate 
and quicklime, and heating the mixture strongly with 
free access of air in a reverberatory furnace. Cr«0, 
+ 2 K;C 03 + :U) = 2K,CrO, + 2CO^.CT^i\+ 2CaO +30 
s 2CaCrO^. The mixture of potassium and calcium 
chromates is extracted with water, and sufficient 
potassium sulphate added to precipitate the calcium 
as sulphate. The clear liquid is now treated with 
the requisite amount of diluted sulphuric acid, to 
convert all the chromate to dichromate, when the 
latter, being less soluble than the former, largely 
cr>'8tallises out. It is nearly pure. Potassium 
COBALTIXITRITB, K^CoCNOj^, is a yellow, finely 
divided crystalline solid, sparingly soluble in water. 
It may be formed by adding ix)tassium nitrite to a 
solution of cobalt nitrate acidified with acetic acid. 
As the corre.sponding sodium salt is >ery soluble, it 
may bo prepared first as ju.st mentioned, using sodium 
nitrite in place of potassium nitrite, and then the 
potassium salt may be made from it by precipitation. 
The formation of pf^tassium cobaltinitritc in this way 
serves as a test for potassium, which is far more 
delicate than platinic chloride. Nickel does not’form 
a corresponding salt; its formation serves to dis- 
tinguish between cobalt and nickel. For the following 
compounds, Chloroplatixatb, vie., Pebmanoa- 
KATBjtffc,, SlLlCOFLUORIl>E,^e'« U?ider PLATINUM, 
Manganese, and Silicon Compounds resj}eetirely. 

Potato {^Botany). Tlie underground stem tubers 
of the plant Solanum ttiberos'um (order, Solanaceee') 
constitute the well known potatoes. 

Potato Stone ( Geol.) (1 eodes with a rough exterior 
which bears some resemblance in texture, and even 
in colour and size, to the vegetable from which the 
name is taken. They occur chiefly in the “ Dolomitic 
Conglomerate ” (which is a breccia of Upixjr New Ked 
age) near Pristol. 

Potboard {Carp, and Join.') The shelf under the 
drawers of a dres.ser. 

Potboiler {Ari^^ A work of art of little merit 
produced to fill a popular demand. 

Potcher {Paper yfanufae.) A machine similar in 
construction to the breaker,” used for breaking and 
bleaching pulp. 

Potent {Her.) An obsolete word signifying a 
crutch. A field covered with small figures resembling 
a cross without the upper arm is called potent, like 
vair, the tinctures are argent and azure alternately. 
See Heraldry. 


Potential Differenoe {Elect,') The difEerence of 
potential between two points is equal to the amount 
of work which must be done on a positive unit of 
electricity in order to bring it from one point to the 
other. In praotloe it is usually measured in Volts 
{q.v.) In the case of a battery, dynamo, etc., the 
potential difference at the terminals is that portion 
of the total electromotive force which is available for 
sending a current round any circuit external to the 
source itself. 

Potential, Electrical. The work which most be 
done (again.st electrical forces) on a unit positive 
charge, in order to bring it up to a given point from 
an infinite distance (or from a place at which the 
potential i.s zero) is termed the Electrical Potential 
at that point. The potential V, due to a charge Q, 

at a distance r from the charge, is V — ^ 

T. 

Potential Energy. The energy which a body 
pos.ses8es in virtue of its position, chemical consti- 
tution, or circumstancfis other than its state of 
motion. Cf. Kinetic Energy. 

Potential Gradient (Elect.) The ratio between 
the difference of potential at two points in a con- 
ductor to tlic distance between the points measured 
along the conductor. 

Potential! Magnetic. The work which must be 
<lone (against magnetic forces) in order to bring a 
unit positive pole np to a given point from an infinite 
distance, or from a place where the potential is zero, 
is termed the Magnetic Potential at that point. 

Potentiometer {Elect.) An instrument for the 
comparison of electromotive forces by balancing 
them against the 2 >otential difference l^tween two 
points in a conductor of considerable resistance, 
through which a steady current is flowing. 

Pot Metal {Met.) An alloy of cop{>er and lead, 
with sometimes tin, zinc, etc., added. It is occa- 
sionally used instead of brass in inferior work. 

Pot-Pourri {Mime). A collection or medley of 
musical tunes. 

Pot Bleeper {Civil Eng.) A Chair {q.v.) cast on 
a broad l>use instead of being fixed to a wooden 
sleeper ; used whore wood is liable to ra]>id decay or 
destruction by white ants, etc. 

Pott {Paper). Writing paper, 16 by 12J in. 
Printing jjajHtr, 15J by 12J in. 

Potter*! Wheel {Pottery Manufac.) A vertical 
shaft with a Hat circular head about 8 in. in 
diameter, upon which, while rotating at greater or 
less s{)ecd, such circular articles as cups, bowls, 
flower pots, etc., are made by the “Thrower,” 

Pottery and Porcelain. (1) Modem Methods o/ 
Manvjacture, (2) History. 

(1) Modern Methods of Manufacture : Al- 
though generally spoken of in the same connection, 
jwttery and porcelain are not synonymous terms. The 
generic term “ Pottery ” includes jwroelain, terracotbi, 
earthenware, and, in fact, any manufactured article 
composed of more or less vitrified claj'. “ Pottery,” 
properly so called, is inferior to 2 >orcelain. It is 
composed of clays and earths, either sinqde or ad- 
mixed, which, after being submitted to the greater 
or less heat of the kiln, remain of a clay nature — 
porous, opaque, and only slightly resonant. ** Por- 
celain ” is more highly refined, and is composed of 
higher quality clays and earths, silicates, alkalies, 
phosphates, and alumina. After submission to a 
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sufficient beat in the kiln, its nature becomes changed, 
and it is no longer clay ; it is highly vitrified, non- 
porous, semi-transluccnt, and highly resonant when 
struck. I^urcclain is subdivided into two classes: 
hard paste and soft paste. “Hahd Paste” is, 
generally speaking, an admixture of natural materials, 
such as “kaolin” (a silicate of alumina) and 
“ petuntse,” a similar material, but less decomposed, 
and containing more alkali and more lime. After 
thorough amalgamation, the article manufactured 
from the resulting paste is burnt at such a temperature 
as leaves it only hardened and porous. It is then 
dipped in the glaze mixture, which is composed 
largely of felspar, and submitted to a sufficiently 
high temperature to melt the glaze, which becomes 
partially absorbed by the “ body,” rendering it 
translucent and nan-porous, and giving a perfect 
gloss to its surface. 8oft Paste is more artidcial in 
its composition than hard paste, and is manufactured 
on a different principle. Kaolin and petuntse are the 
chief ingredients, as in hard paste, but to them is 
added calcined bone and sometimes felspar. The 
articles manufactured from soft paste are first sub- 
mitted to the greatest heat, rendering them at the 
first burning non-porous, translucent, and resonant. 
They are then (lipj)ed in the glaze mixture, which is 
composed generally of a glass flux, kaolin, and 
carbonate of lime, ground finely together, and 
afterwards submitted to a temperature much lower 
than the first or bisque heat, but sufficient to melt 
the glaze upon the surface of the ware, the glaze 
in soft paste remaining upon the surface of the 
ware, and not being absorbed into it as in bard 
paste. Apart from the difference in the constituents, 
the manufacture of pottery and porcelain is almost 
identical. After the raw materials are reduced to 
fine creamy consistency either by grinding or by 
blunging (cutting up (»f claj's in water by rotating 
knives), they are mixed in their proper proportions, 
and the resulting paste is then cither used in “slip” 
or creamy state, or in clay, to obtain which a suffi- 
cient amount of water is squeezed from the “ slip ” 
in presses, or evaporated from it by heat, so rendering 
it stiff and ]dastio. The clay is now pa8.sed to the 
“ tlirower,” who makes articles upon the potter’s 
wheel, or to the “ prcs.ser,” who forms them by press- 
ing it upon proper moulds. The “slip,” on the other 
hand, goes to the caster, who forms the required 
articles by casting ; that is, by pouring t he “ slip ” 
into the moulds. In each case the mtmlds arc made 
of plaster of i:)aris or gypsum, and are very porous, 
rapidly ab.sorbing water from the clay or slip placed 
in oonta(3t with them. In the case of casting, the 
absorption of the ])la.Nter mould causes a coating of 
clay to adluire all over the inside of the mould and 
take its exact shape, and when this is sufficiently 
thick the potter pours away the remaining slip from 
the mould, and in due conise the coating becomes 
sufficiently hard for the mould to be opened, and the 
clay which has formed inside to be taken out and 
finished. Articles “ thrown ” upon the wheel are 
generally, and while the clay is still moist, pressed 
into moulds, to ensure uniformity of size and 
weight. After they have become sufficiently hard to 
handle, they are removed from the monld.s, and are 
finished by the “turner’* upon the lathe. In the 
case of “handled” pieces, the handle, after being 
“ pressed *’ in a mould of the required shape, is 
affixed by dipping the [)art which is to come in con- 
tact with the body in “ slip,” and pressing it into the 
tlie correct position. Tlic manufacture of elaborate 
figures oi Vaues is done by casting, each part being 


formed in a separate mould, and the pieces joined 
together by the skilled potter. Some figures and 
vases require as many as from ten to for^ moulds 
for the manufacture of the one perfect piece* An 
important consideration in the manufacture of pot- 
tery and porcelain is the contraction that takes place 
until the article has reached the maximum heat in 
the bisque oven. The contraction is threefold, and is 
due (1) to the evaporation or expulsion of the added 
water ; (2) to the driving off of the chemical water ; 
(3) to the vitrification or drawing closer together of 
the particles of which the paste is composed. Clay 
articles when completed and thoroughly dried are 
placed in Segoabb or fireclay boxes, plates, saucers, 
and fiat ware being bedded in ground fiint, tho bed 
being made by a mould the exact shape of the article 
to be fixed in it. The seggars containing the clay 
ware are stacked in the bisque oven, which is bricked 
up. The fires arc lit, and the heat is slowly raised 
to the required temixsrature. After cooling, the kiln 
is opened and the ware taken out, the superfiuous 
ground flint removed by scouring, and the ware sent 
to the dipping house, where it is dipped in the 
required glaze. This is of about the consistency of 
thin cream. The articles are again placed in seggars 
(glazed)^ and stacked in the glost or glazing oven, 
which is generally of similar construction to the 
bLsquc oven. Except in the case of hard paste, the 
heat now necessary is much less than that required 
for bisque. Upon removal of the glazed ware from 
the glo&t oven, it is sorted and is then ready to be 
decorated. In the case of under glaze decorations, 
they are applied to the bisque ware, the glaze being 
super-imposed, the melting of the glaze allowing the 
colours to show through. Reds made from oxides of 
iron and pinks and pur})les made from gold will not 
stand the great heat of the glost oven, and therefore 
cannot l)e used as under glaze colours. The glazed 
ware is now sent to the decorators for the requisite 
ornamentation. If it is to be painted, it goes first 
to the painter ; if it is to have a coloured ground, to 
the ground layer (q.v.) ; or if a printed pattern, to the 
printer. To pro<luce the l>est results, the painting is 
u.sually executed in two and sometimes even three 
or more stages, the w'ore being burnt in the enamel 
kiln (7.P.) after each painting. The first coat is called 
the “ washing in,” and the subsequent paintings the 
“ finishing.” The colours used are made from mineral 
salts, the following being the main colouring agents *. 
Blues are made h*om cobalt ; blacks from cobalt, 
manganese and iron in combination ; turquoise from 
oxide of copper ; greens from oxide of chrome and 
from oxide of cupper; browns and reds from the 
chromates and oxides of iron ; yellow from lead, tin, 
and antimony in combination; enamel picks, rose 
colours, purples, rubies, and crimsons from gold ; 
under glaze pink from oxides of tin and chrome in 
combination. Metallic gold, which is laid on as ic- 
quired by tlie gilder, is fired at the same heat as the 
painting in the enamel kiln. (Jold is j^repared as 
follows : I’ure grain gold is obtained, and to it i.s 
added a certain proportion of metallic mercury. Tho 
mercury forms an amalgam with the gold, dcstioying 
its ductiliry; a little flux is added to ensure its 
mihesion to the ware, and the mixture is finely ground 
upon a mill. It is then mixed vritK a suitable 
medium, and laid upon the ware with a paint brush ; 
upon being subjected to the heat of the kiln, the 
mercury becomes volatilised, leaving the pure gold 
adhering to the ware. The gold is afterwards bur- 
nished by being rubbed with an agate or hematite, 
commonly called bloodstone. 
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(2) Histoey : Ancient Petterff’^Hg^tian, Greek, 
Jloman, The history of pottery Is practically the 
history of man. There is no nation in the world 
in which nse has not been made of clay for the 
fonuation of vessels for domestic or other pur- 
poses. Pottery, with more or less pronounceil 
attempts at decorative ornamentation, has steadily 
followed the path of civilisation, and amongst his- 
toric nations the earliest pottery known is that of 
Egypt, dating some three thousand years before the 
Christian era. These relics of the earliest known 
civilisation have definite characteristics in harmony 
with the ruins among which they have been found ; 
improvement and development were gradual and 
persistent, and the later progress of one nation is 
coeval with the germ of art in another. In the course 
of a few centuries Egyptians discovered the art of 
glazing their wares. Subsequent progress is evident 
as regards style and refinement of form some cen- 
turies later, until there is a new birth in another and 
a neighbouring country, influenced by the develox>- 
inents of a couple of thousand years in the older 
nation. T.uis we sec in the first Greek archaic 
pottery (dating about 700 B.c.) traces of Egyptmn 
civilisation and motives of Egyptian cliaracter. 
From the date of the earliest Greek wares progress 
becomes much more rapid as civilisation advances, 
and in a period of about three hundred years wo 
arrive at the most sublime period of Greek Keromic 
Art. Egyptian character has gradually died away, 
and has given place to the vigorous indigenous 
growth which has been grafted upon it. The Greek 
pottery of this period (about 400 B.c.) is marvellous 
in its perfection of form and in the care exhibited in 
the execution of the ornamental delineations. Figures 
of the most refined and beautiful character were also 
produced. As from the Egyptian to the Greek, so 
from the Greek to the Koman ; but it cannot be said 
that the wonderful progress was continued or even 
the high level maintained. I'ottery is essentially 
one of the arts of peace, and the Romans were not a 
peaceful people. Roman pottery never attained the 
}^rfection of the Greek ; the materials were coarser, 
t!:c forms less refined, and the ideas of decoration 
were more inclined to revert to the Arcliaic than to 
improve upon the Etruscan. Kot only were the 
Romans unable to hand down a pure classic style 
of their own to future generations, but by their lust 
of conquest they brought about the extinction of, 
and dealt the death blow to, the long line of the most 
sublime creations in Kcramic history. Robcelaik 
emanates from the CclestiHl Empire, and was first 
made about one hundred years b.o. The finest Chinese 
pobcelain was made during the fourteenth, fifteenth, 
and sixteenth centuries. Torcelain was probably not 
made in Europe before the end of the seventeenth or 
the beginning of the eighteenth century. The first 
porcelain manufactured in England was produced 
just before the middle of the eighteenth century 
(about 1740). The chief European manufactories of 
porcelain, ^ting from the earUest days, are : Dresden 
(Meissen), the national manufactory of 8axony, 
establish^ about 1706, and still flourishing; Capo 
di Monte (Naples), established 1736, abandoned 1821 ; 
Buen Retiro (Madrid), established same time, aban- 
doned 1312 ; lille, established 1711, abandoned about 
1300 ; Xoumay, established 1750,81111 carried on ; Chan- 
IttBy, established 1725, abandoned about 13(K); Ht. 
Cloud, established about 1606, destroyed by fire 1773 ; 
86vres (originated at St. Cloud), the national manu- 
factory of France, and still carried on (the finest 
S5vrcs porcelain was manufactured about the middle 


of the eighteenth century) ; 
Berlin, established 1751, the 
national manufactoiy of 
Germany, and still flonrish- 
ing ; Vienna, established 
1713, practically ceased 
worl^g about 1860. There 
have b^sn, of course, many 
other less important fac- 
tories, and there are to-day 
great numbers in France, 
Germany, and Austria. 
Pottery" has been, and 
probably is stiU, made in 
every country on the globe, 
and it is difficult to specify 
places ; but mention may 
be made of Delft in Holland, 
Rouen (France), Urbino 
and Faenza (Italy), as pro- 
ducing as early as the end 
of the fifteenth century ex- 
ceedingly fine decorated 
pottery. In England pot- 
tery and good earthenwares 
were made at a very early 
date, but porcelain is only 
traceable to the first half of 
the eighteenth century. The 
first manufactory of any 
note was probably that 
established at 8tratford-le- 
Bow, near London, the 
productions being always 
known as “ Bow ” china. 
This manufactory only 
lasted about thirty years, 
the whole concern l>cing 
purchased about the year 
1770 by William Duesbury, 
of Derby. A porcelain 
manufactory was estab- 
lished at Chelsea a little 
later, and became very 
famous for its fine pro- 
ductions, large quantities 
of figures and fine vases 
being made there. This 
manufactory was also pur- 
chased by Duesbury about 
the same time or a little 
earlier (1769) than the pur- 
chase of Bow. The next 
e.stabli8hment for the manu- 
facture of porcelain was 
that at Worcester in 1751. 
It is probable that the pro- 
ductions of no English }X>r- 
celain manufactory equalled 
those of Worcester for re- 
fined taste and general ex- 
cellence. The manufactory 
has been continued to the 
present day, and it is the 
only porcelain manufactory 
in existence in England 
which can show an un- 
broken descent from so early 
a date as 1751. The manu- 
factory at Derby, established 
in 1756, was continued until 
the year 1849, and about the 
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same period were founded factories at Oaughle^ 
(l^lopian), Goali)ort, and Lowestoft; also the fao- 
tories at Plymouth and Bristol, and both pottery and 
porcelain were made in Liverpool The celebrated 
Wedgwood ware was also first produced about the 
same period (1762). At later dates the manufacture 
of pottery and porcelain extended very considerably, 
es^cially in the ** Pottery " district of North Stafford- 
shire, there being many factories at Stoke-on-Trent, 
Hanley^ BursJem, Longton, Shelton, etc. Factoiies 
which, however, existed for only a comparatively 
short space of time were carried on at Nantgarw and 
Swansea, in Wales. The Rockingham manufiactory 
at Swinton also produced some fine porcelain. It is 
probable that at the present time pottery in one form 
or another is made in nearly every county in England. 
The manufacture otporeelaifi is much more restricted, 
being practically confined to Worcester, Derby, 
Coalport, and the Staffordshire “ Potteries.” W. M. B. 

Pot Yalve ( A valve whose cover consists of 

a short tube closed at the top ; occasionally used as a 
safety valve. 

Pouncing (Dec.) The method of ti^sferring a 
design done on paper to a panel, ceiling, wall, or 
other surface on which it is to be finally executed. 
It consists in x>erf orating the outline of the design 
with a needle set in a handle, or, better still, by 
means of a small implement used by dressmakers, 
and called a tracer.” The paper pattern is then 
fixed in position on the wall, etc., by means of needle 
points, and a pouncer formed of a linen bag, and 
containing charcoal or fine coloured chalk, is dabbed 
over the lines, a portion passing through the 
small holes and leaving the pattern on the surface 
beneath. When the design is of a complicated 
character, it is often foniid convenient to use two or 
more different cedoured chalks, so as to distinguish 
the different part«. 

Pound. See Weights and Mkasubes. 

Poundal The unit of force in the English 

system ; it is the force which, if it act on a mass 
of 1 lb., produces in it an acceleration of 1 ft. per 
second per second. 

Pound Degree (A'ny.) The unit of heat commonly 
used by English engineers ; it is the amount of heat 
necessary to rai.''e 1 lb. of water 1° F. 

Pouring (Foundry'). The process of filling a 
mould with melted metal. 

Pouring Gate (Fowidry). The Ikgate by which 
melted metal enters a mould. See Gate. 

Pouue (Music). The upstroke of the bow. 

Powder of Algaroth (Chem.') An old name for 
antimony oxychloride, so called from a physician, 
Algarotus, who employed it in medicine. It is not 
used now. 

Power (Phys., Fny., etc.) The amount of work 
done (or energy sin^plied) in unit time. See Hobse 
P owEB, Joule, au 4 Watt. 

, Alternating Current (Elect. Eng.) The power 

developed by an alternating current is eq^ual to the 
product of the virtual current, virtual voltage, and the 
cosine of their phase difference. & e Poweb Factob. 

, Electrical. See Watt. 

Power Factor (Elect. Eng.) The ratio of the true 
power in an alternating current circuit to the api^rent 
power obtained by multiplying together the virtual 
current C and virtual voltage V, In simple cases 
the power is equal to CV Cos 0, where 0 is the angle 
of lag or phase difference between the E.M.F. and 
the current in the circuit. 


Power Home (Elect. En^., etc.) The building 
or central station containing the engines, boileia, 
dynamos, etc., for supplying current. 

Practical Unite (Elect.) See AmpAbb, Volt, 
Ohm, and Units, Electbicau 

Pralltriller (Music). See Mobdbntb. 

Praee (Min.) A translucent leek-green variety of 
quartz or chalcedony. It is used as an ornamental 
stone. 

Praeodidyminm iSIse Didtwium. 

P.R.B. (Art). See Pbe Rafhablitb Bbothbb- 

HOOD. 

Pre-AdmlBsion (Eng.) The admission of fresh 
steam to a cylinder shortly before the end of a stroke. 

Pre-Cambrian Rocka ( Oeol.) The series of f ossili- 
ferous rocks, which are next older than the Ordo- 
vician Rocks, forms the lowest member of the Pro- 
tozoic System. As the Cambrian Rocks contain 
representatives of almost all the known groups cf 
invertebrata, they were probably formed long after 
the Dawn of Life upon the Earth. Three subdivisions 
of the Cambrian Rocks are recognised. The lowest, 
sometimes called the Taconio System, contains the 
trilobites belonging to the Olenellvs group; the next 
above yields trilobites of tho Paradoacides tyjw ; and 
the highest is characterised by forms of trilobites 
allied to Olenv-s. In the north-west of Scotland the 
liighost member of the Cambrian Rocks is the 
Durness Limestone. Below the base of the Cambrian 
Rocks, and therefore of older date than any fossils 
yet known with certainty, there occur various other 
rocks, which are those referred to. In the Iiong- 
mynd, on the border of Wales, the base of tie 
Cambrian Rocks at Caer Caradoc lies upon some 
ancient volcanic rocks known as the Ubiconian 
Rocks, and in another place upon some very ancient 
sediments. In Anglesea, again, a Pre-Cambrian set 
of volcanic rocks, the Bangor Beds, underlies tie 
base of the Cambrian Rocks. At Barmouth a thick 
series of greywackos, the Harlech Bods, usually 
classed with the Cambrians, occurs beneath them. 
In the north-west of Scotland an ancient sot of 
rocks, the Tobuidonians, which were formed under 
desert conditions, occurs between tho TiCwisian 
Gneiss and the lowest member of the Cambrian 
Rocks ; and if they arc not faulted into that position, 
they must also be truly of l*re-Cambrian age. Else- 
where in Scotland the rocks which are known with 
certainty to bo Pre-Cambrian are either part of the 
Lewisian Gneiss or else some very ancient sediments, 
out of which, it is believed, the gneisses themselves 
have been formed. 

Precentor (^Mvsic ). A cathedral official who directs 
the choir and the musical portions of the service. 

PreceBsion of the Equinoxes. A gradual move- 
ment of the First Points of Aries and of Libra along 
the ecliptic, at the rate of about 50 seconds j>er year. 
This is due to the fact that the earth’s axis is not 
fixed in space, but is slowly describing a conical 
figure, like a spinning top does when it “ reels ” without 
falling over. 

Pr^oienx (Art). The term applied to works of 
art. which exhibit careful execution^ with a fine and 
iD.asterly touch. 

PreciouB Coral. See Coral. 

Precious Stones and OemB. To the ancients a 
gem was any stone which was beautifully colou^d, 
rare, or of sufficient hardness to use for seal engrav- 
ing. The term is now used for a stone wliich in one 
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small piece exhibits tine colour, fire, or lustre, and 
wliich is hard enough to take a good polish. Precious 
stones are those which possess similar properties in 
an inferior degree. The nomenclature is very 
complex, aud those minerals to which the ancients 
applied a certain name are in but few cases the 
same as those for which we now use the name. 
In popular language many totally different minerals 
are known by the sfime name ; and lapidaries name a 
. gem stone rather by its colour than by its composi- 
tion, distinguishing between different si)ocies by 
calling the more valuable Oriental and the less 


valuable Occidental. Often, too, they use some adjec- 
tive derived from the locality in which the stone 
occurs to indicate the less or more valuable gems, 
yellow Quartz they call Brazilian Topaz to dis- 
tinguish it from true Topaz ; and the yellow variety of 
Corundum, which is more valuable on account of 
rarity, hardness, and brilliancy than the true Topaz 
they call Oriental Tojmz. Another confusion arises 
from the popular impression that many gerus wl)ich 
are of the same mincralogical species are different, 
e.g. iluby and Sapphire, which arc both varieties of 
Corundum. 


List I. — Commercial and Popular Names. — In this list, against the popular name of the gem, is 
given a note of the various minerals which may occur commercially iin<ler that name. 

/Diamond. 

\ Corundum in part. 

{ of the Ancients . . = a slalagmitic variety of Calcite. 

massive Gypsum. 

f one of the Precious Garnets. 

1 an old name for violet Hpincl. 

/true . . — violet Quartz. 

I Oriental . - violet (%>rundum. 

■ 'j false . . vitdot Fluorspar, 

lin 


Adamant 


Alabaster 


Almandinb 


Amethyst 


Aventurine . 


Beryl 


Cat’s Eye 


Ohrysobehyl 


Chrysolite 

or 

Peridot 


Chrysopbase 


in part the Ilyacintli of the ancients. 

/a variety of Quartz with spangles of Mica. 

I „ Orthoclaso,, 

i . Albite „ 

t .. Oligoclaso „ .. „ 

List IT. 

/ Quartz with parallel fibres of Asbestos. 

-J Chrysobcryl cut rn eahochon, 

(a variety of Microclinc. 
itrue 

i ot the green Beryl in pau. 

^(^<)irygoprase in part. 

{ true, a variety of Olivine. 

Oriental .... yellow green Corundum, 

of the Ancients Toj»ay.. 

Brazilian 1 

Peridot of Ceylon / 


ftruc, a 
I of the . 


= yellow grecu Tourmaline, 
green varietv of Chalcedony. 

Anciente ’ = 


Diamond 


Emerald 


Garnet . 

IIYACINTH 

or 

Jacinth 


{ true. 

Oc'^idental 
/true, green lieryl. 
I false 
'| Oriental . 
^.Brazilian 

Sie List II. 


l^Chry.soberyl. 

- Rock Crystal, a variety of Quartz. 

- green Fluor. 

olive green Corundum. 

^ green Tourmaline. 


true, a red variety of Zirct.n. 

Oriental . ^ reddish brown Corundum, 

of Compostclla == Quartz Ktainc<l red by clay. 

Vesuvian . - Idocrasc. 


Moonstone 

I'EKIDOT 


fa variety of Microclinc, vMbito, or 01igocla.se. 

(of the Ancients ^ Selinite, a variety of Gyp.sum. 

Chbysotjte. 


Ruby 


ftruc or Oriental 
false 

Bohemian 


Balas Ruby . 

S,)“^ ■ 


Biazilian 


- Corundum of the ruby colour. 

^ red Fluor. 

— ro.se Quartz. 

= red Spinel. 

= Pyrope Garnet. 

f yellow Topaz turned red by heat, 
** ^ red Tourmaline* 
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Sapphire 


Rpinel 


Topaz 


Tobquoise 


/'true or Oriental 
false 

Saphir d’Eau 1 
Water Sapphire / * 
of the Ancients in part 

Brazilian 

Ifiapphire of de Sanssure 
See List II. 
true 

false . . . . 

yellow 1 
Bohemian j * 
smoky . . . . 

Oriental . . . . 

Vof Ancients . 

/ tnie. 

\of Ancients . 


blue Oorandnm (s Telesia). 
_ /bine Fluor. 

" \ blue Quartz. 

‘ bine lollte. 


- Lapis Lazuli. 


-{ 


blue Topaz. 

Indicolite (blue Tourmaline). 


= Cyanite. 


_ / yellow Fluor. 

“ (Citrine (yellow Quartz). 

= Citrine (yellow Quartz). 

= Smoky Quartz. 

*= reddish yellow Corundum. 
= Olivine in part. 

= Lapis Lazuli in part. 


List II. — Names of Minbealooical Species.— I n the following list of gems and precious stones the 
name.s as commonly used are given under the minerdlogical specin to which the stones belong; those 
marked with an asterisk may more properly bo considered gems. 

•IhAMOMD = Adamant of the Ancients. 

Fluorspar ; the violet variety = False Amethyst. 

„ green „ = „ Emerald. 

„ red M •» Ruby. 

„ blue ,, . = M Sapphire, 

yellow „ . = .». 'J’opaz. 

Quartz. — V arieties : Rock Crystal Occidental Diamond = Whitestono. 

Stiiined red by clay — Hyacinth Compostella. 

' Star Quartz. 

•Amethyst : this was in part the Hyacinth of the Ancients. 

Rose Quartz . =- Bohemian Ruby. 

♦Citrine . . . Yellow Topaz = FaLo Topaz == Bohemian Topaz. 

•Smoky Quartz . - Cairngorm = Smoky Topaz, Morion is a very dark variety. 

Blue . . . . Sapphire. 

Aventuriue. 

Sagenitic : (a) containing Rutile — Venus’ or Thetis’ Hair Stone or Filches d’Amour. 
Cat’s Eye. Tiger’s Eye. (’halcedony. 

Carnelian . . . — Sard ; liner varieties = Oriental Carneliaii ; softer and 

yellowish red varieties = Occidental Carnelian. 
Chrysoprase . — - Ghrysoberyl of the Ancients. 

Trase . . . A leek green variety. 

Idasiiia, from irAdtr/io, is used for intaglios. 

Bloodstone . = Heliotrope. 

Agate ; («) Banded . = Scotch I'ebble ; Qf) Fortification ; (<?) Moss Agate ™ Mocha 

Stone, 

Onyx, naturally bands of different degrees of porosity. Only black and white artificially. 
Sardonyx « bands of Sard ((^ainclian) and white Chalcedony. 

Jasper. 

OPAL.'^Varieties are : Precious Opal, Fire Opal, Australian Opal, Cacholong (a milky white variety), and 
Girasol, white with red rellections in the sun. 

Corundum : anciently Corivendum, sometimes called Adamant. 

Varieties In colour : pigeon’s blood . = *Ruby (also called Oriental or True Ruby), 

magenta . = Barklyite. 

reddish brown . - Oriental Hyacinth, 

light brown . ““ Adamantine Spar, 

violet . . " Oriental Ameiliyst. 

with pearly reflections = 
white 


I'eddish yellow -= Oriental Topaz, 
colourless 


yellow green --- Oriental Peridot or Oriental Chrysolite, 
olive green = Oriental Emerald. 

blue . “ •Sapphire (also fjallcd Oriental Sapphire and Telesia). Sub- 

variety: Asteriated or Star Sapphire or Star Stone. 
Sapphire was in i)art the Hyacinth of the Ancients, 
different colours Montana Sapphire. 

colourless, with reddish or bluish rellections — Girasol Sapphire. 
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Spinel : red * '"Balas Ruby (Rubioelle or Ruby Spinel). 

pale blue Akcrite. 

violet * Almandine of old writers. 

^Ohbysobebyl.-— V arieties : Alexandrite, dark emerald green, red by transmitted light, strongly phosplior- 

esoent. 

Gat's Eye . « Cut en eahoohon, 

Cymopbane, an opalescent variety, 

Ghrysoberyl represented in part the Chrysoprase of the Ancients. 

Oalcite. — V arieties : Mexican Onyx, stalactitic, from Mexico. 

Alabaster of the Ancients was a stalactitic or stalagmitic calcite. , 

Lumacbelle or Fire Mai'blc. 

Malachite. 

Obthoolase : Adularia, a transparent and pearly variety. 

Sunstono or Avent urine Felspar containing spangles of Mica. 

Micbocline : Moonstone, with a pale (learly lustre. 

Amazonstoiie, bright green. 

Cat’s Eye, with a banded flash of light. " 

Albite : Aventurine (Sunstone). 

Moonstone. 

Oligoclase: Sunstone. 

Moonstone. 

Labradokite. 

Pyroxene : Diopside, a green transparent variety from Ala in Piedmont. 

Cbocidolite. 

♦Bebyl : pale green = * Beryl of jewellers, 

blue green ~ Aquamarine. 

yellow green = Golden Beryl, the Chrysoberyl of the Ancients, 

rich green =* Emerald, formerly Smaragd ; the Chrysoprase of the Ancients. 

*I0L1TB . — •Cordierite Dichroite. 

Saphir d’Eau or Water Sapphire is a blue variety. 

Lapis Lazuli .... . == Sapphire of Ancients in part. Turquoise of Ancients in part. 

Gabnet : 1. Aluminium Garnet = Grossularite (*Essonitii). 

♦Pyrope (Precious Garnet, Ruby, Bohemian Garnet, or Rock 
Ruby). 

♦Almandine = Precious Garnet in part {en eahechm^ « Car- 
buncle). 

II. Iron Garnet . . = Topazolite, a yellow variety. 

Dermantoid, an emerald green variety. 

III. Chromium Ganiet , = XJvarovite, green. 

Olivine : ♦Chrysolite (Peridot, the Topaz of the Ancients) is a yellow green transparent variety. ^ 
Chrysopal is an opalescent variety. 

Dioptase. 

Idocbase .... . = Vesiuianite ~ Vesuvian Hyacinth. Cyprine is a pale blue 

variety. 

Zircon : red ... . "Hyaciuih or Jacinth (the Legieio of Aaron's Breastplate 

probably). 

colourless or smoky . - Jargoon. 

olive green . . . Beocarite. 

•Topaz .... . - Chrysolite of the Ancients ; formerly also called Physalite or 

Pyrophysalith. 

colours : pale yellow . . = Saxon To}>az (when turned red by heat it is called Brai^iliau 

Ruby). 

more varied yellows =« Mexican Topaz, 

colourless . . . . = Gouttes d'Eau. 

blue = Brazilian Sapphire. 


II. Iron Garnet 
III. Chromium Ganiet 


Idocbase . 
Zircon : rod 


colourless or smoky 
olive green . 


colours : pale yellow . 


more varied yellows 
colourless . . . . 

blue 

Andalusite, 

♦Qyanite 

ZOISITE : a pink variety is called Thulite 


. Pbehkite : cut en cahoehon. 

"•TnirwHf AT.iVin • nnlrmrs* 


Toubm ALINE ; colours: dark blue . 

yellow green 
pink 

red . .. . 


Sapphire of de Saussuro ; also called Sapparc. 


« Inclicolite or Brazilian Sapphire. 

=« Peridot of Ceylon or Brazilian Chrysolite. 
» *Rubellite or Red Schorl. 

= Brazilian Ruby. 

= Brazilian Emerald. 
a= Achroitc. 


green . = i^razuian ifimerajd. 

colourless . . = Achroite. 

Serpentine. — Varieties : Precious Serpentine and Picrolite (fibrous). 

Sphene : Liguritc, a gi*een variety from Liguria. 

Turquoise . . . ‘ . . « Callais of Pliny. 

Gypsum : the variety Selenite probably was the Moonstone of the Ancients; massive *■ Alabaster. 
Amber : Copalite is a fossil Amber. 

Jet. 
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liiBT m.— The followinp: table gives the crystallographic system, chemical composition, and prinis^pal 
physical characteristics of the species enumerated above : 


. 

CiyatoUographic 

Kyateni. 

Hpeoiiflo 

Gravity. 

Hardneaa. 

Refractive 

Index. 

Diamond . 

Cubic 

3*5— 3-6 

100 

2-439 

Fluorspar . 

Cubic 

3017— 3-183 

40 

1-434 

Quartz 

Rhombohcdral 

2 * 6 - 2-8 

70 

1*548 

Opal 

(Amorphous) 

1-9— 2-3 

5-6— 6-5 


Corfindum 

Hhombobedral 

.S-93— 408 

90 

1-794 

Bpinel 

Cnrysoberyl 

Cubic 

3-52— 3-95 

7-5—80 


Orthorhombic 

3.08—3-75 

8-5 

1-76 

Calcite . . 

Rhombobedral 

2-69— 2-76 

3*0 

1-654 

Malachite 

Monosymmetric 

3 . 71—401 

3-5— 4-0 


Orthoclase 

Monosymmetric 

2-53—2-59 

60 

1*53-1-76 

Microcline 

Triclinic 

2*44 

6-0 


Albite 

Triclinic 

2‘54— 204 

60-6-5 


Oligoclasc 

Triclinic 

2*fi3— 2-74 

60 


Ijabradorite 

Triclinic 

2-67—2*70 

6-0 


Pyroxene . 

Monosymmetric 

3-2— 3-4 

5—6 

1-680 

Crocidolitc 

(Fibrous) 

3*2- 3*3 

4*0— 4-5 


Beryl . . . 

Hexagonal 

2-67—2-75 

7-5— 8-0 

1*585 

lolite 

Orthorhombic 

2*60— 2-72 

7-0-7-6 

1*544. 

T.ifipis Lazuli 

Garnet— 

I. Aluminium : 

Cubic 

2-38—2-45 

5-0— 6-5 


(a) Grossularite 

Cubic 

3-44—3-62 

6-5—70 


(5) Pyropo 

Cubic 

3‘70— 3'i8 I 

6-5— 7-5 

1*792 

(c) Almandine. 
11. Iron; 

Cubic 

3-95—4-29 

70—7*5 


(a) Topazolite . 

‘ (5) Dermantoid 
111. Chromium: 

1 Cubic 

3.65—385 

7*0 


(a) Uvarovite . 

Cubic 

3-42 

7*5—80 


Olivine 

Orthorhombic 

3.3_3.44 

6*6—70 

1*660 

Dioptasc . 

Khombohedrul 

3-27-3-36 

50 

1-667 

Idocrase . 

Tetragonal 

3-35-3-45 

1 6-5 


Zircon 

Tetragonal 

4-0- 4-7 

1 7-5 

1*%1 

Topaz 

Orthorhombic 

34-3-6 

I 80 

1627 

Andalusile 

Orthorhombic 

3-1-3-2 

1 7*6 

1*624 

Oyanite 

Triclinic 

1 3-58—3*68 

1 5-6 


Zoisite 

Orthorhombic 

3*28-3*3.5 

6—7 


Prehnito . 

Orthorhombic 

2-92- -3-01 

60—70 


Tourmaline 

Rhombohcdral 

3*0— 3-3 

7*0—75 

1*637 

1 

Serpentine 

(? Amorphous) 

2-47-2-60 

30 


Sphene 

Monossymraetric 

33-3*7 

5-0— 5-5 

1*631 

Turquoise . 

(Amorphous) 

2*62-30 

60 

1*53 

Gypsum . 

Mdnosymmeiric 

2*28- 2*33 

1 - 6-20 

Amber 

(Amorphous) 

1*08 

2-0-2-5 

3*5 

Jet .... 

(Amorphous) 

1-02 

2*0— 2*3 



Chemical Formula. 


C 

CaF, 

BiO, 

SiO„.NH,0 

aiA 

MgO.ALO, 

BeO.Algb, 

CaCO. 

2Cu0.C0,.n,0 

K..0.A],0,«Si0„ 

K; 0 .Al 20 ,. 6 Si 0 , 

Na.0.AJ20,.CSi0, 

.Xl^a.O.ALO,.6SiC 

Na»O.ALO,.6SiO„. 

CaO(Fe.Mg)0 . 2Bi( 

NaFe(SiO,)..FeSiOg' 

3BeO.Ajl,Oi.<;SiOj 

H.0 . 4(MgFeO) . 4A1,0, . lOSiO, 

Na,(NaB,.Al)AJ,Si,0,2 


GCaO . 3SiO, + 2AI.O, . SSiO^ 
CMgO . 3SiO., + 2AL0- . 3SiO. 
CFe0.3Si0.. + 2AU),.3SiO, 


CCaO . 3Si(\ + 2Fe,0, . 3SiO, 


CCaO.aSiO.. + 2CrjO,.3SiO, 

2(MgFe)0 .'SiO. 

H^O.CuO.KiO- 

?Il(OH).Ca,.:.(AlFeX(SiO,).o 

ZrO.SiO, 

[Al(0,F,)]A18i0, 

ALO,.8iO, 

AUO,-SiO., 

4CfaO . 3ALO, . GSiO^ . 11^0 

7llp . 2Na.,i V OFeO . 6B,0, . 14 A1,0, . 24SiOj 
(very variable) 

3Mg0.2Si0„.2H.,0 

CaO.TiOj.BiO. 

2Al./),.P*0..r)H,0 
CaSO^ + 2H,0 
(Hydrocarbon compound) 

(Hydrocarbon compound) 


The cutting of gems is an industry in itscll. 
Theoretically the angles of the facets should 1^ 
calculated for each mineral from its refractive index, 
so as to give the greatest possible brilliance. 
Practically the form is determined largely by what 
portion of the gem is free from flaws. There are 
three principal ways of cutting precious stones; 
they may be; (1) Rose Cut, (2) Bbilliant Cut, (3) cut 
Bn Caboghon. (1 ) A rose cut stone is roughly in the 
form of a low pyramid, formed of a number of 
triangular facets. Ttie stone is set with its flat base 
towards the mount (2) A brilliant out stone has the 
general form of two pyramids, base to base, the one 
towards the setting being slightly truncated by a 
plu-tyt called the collet. The pyramid which is 
towards the light is markedly tronoatod by a plane 
called the table. (3) A stone cut sn cabookon has a 


flat base towards the mount and a convex surface 
towards the light. Sometimes the surface towards 
the mount is concave, so that the stone forms a 
meniscus. A diamond which is to be cut is mounted, 
in pewter, and then pressed on a wheel revolving 2,000 
or 3,000 times per minute, with a pressure of 2 to 
30 lb. produced by weights. The wheel is of iron, 
about 9 or 10 in. in diameter, and is dressed ^th 
a mixture of diamond dust and oil. The polish- 
ing of diamonds was unknown till ^e middle 
of the fifteenth century. At lUrkenfeld, ^ms are 
polished on grindstones of about 4 ft in diameter, 
driven by water wheels, and having their under 
parts dipping into the stream to keep the stones 
constantly wet. The operator lies at full length 
on a block hollowed out to fit the chest and 
holds the gem on about the level of his eyes. 
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I’osition and dast combined usually pave the way for 
nn early death of the workers, from consumption. 
Many imaginaiy virtues were attached to the 
different gems ; in f^t, the fear of the opaVs ill-luck 
is not unknown now. Beferenoe must be made to 
some of tbe works on gems for further details. — W.G. 

Precipitate iC7iem.') A solid formed by the 
addition to a solution of a gas, a liquid, a 
solid, or a solution. Thus, if the gas hydrogen 
chloride is passed into a strong solution of 
sodium chloride, the latter is precipitated from 
its solution ; if the liquid alcohol be added to 
a solution of potassium chlorate in water, or 
ferrous sulphate in water, these salts are pre- 
cipitated ; if the solid zinc be added to a solution 
of copper sulphate, metallic copper is precipitated ; 
if a solution of potassium iodide be added to a 
solution of lead acetate, both in water, lead iodide 
is precipitated. It will be seen, therefore, that to 
cause a precipitate two courses may be followed : 
(1) a change in the solvent may bo effected so that 
the dissolved substance becomes less soluble ; (2) a 
change in tbe dissolved substance may be effected so 
that a new substance is formed which is insoluble in 
the solvent used. 'J’he former course is a common 
expedient for purifying substances ; the latter course 
is one commonly adopted in quantitative and qualita- 
tive analysis. The completeness of a precipitation 
depends on the insolubility of a precipitate in the 
solvent, so that for quantitative analysis the pre. 
cipitate should l)c as insoluble as possible ; while in 
qualitative analysis the precipitate need not be so 
insoluble, although tbe delicacy of a test depends on 
the insolubility of a prccipibite in many cases For 
example, when excess of a solution of tartaric acid 
is added to a solution of potassium nitrate, a white 
precipitate of cream of tartar is formed, and this is a 
respectable test for potassium when properly per- 
formed; but potassium is never estimated in this 
way bemuse the precipitate is too soluble in water. 
JSee Qualitative artd Quantitative Analysis, 

PnMipitated Chalk. Calcium Compounds. 

Fraeipitatlon (Mfiteorol.) Precipitation occurs 
w'hen moist air is cooled below the dewpoint, 
the moisture taking tbe form of rain, snow, hail, 
dew or frost depending on the conditions under 
which condensation takes places and is niaintaincd. 

Preelpitato, Preeipitoto TIurriedly. 

Preeiio, Preotoione, con ( AVith precision. 

PrehisioFie Architectare. Mcgalithic structures 
are the most important examples of prehistoric 
architecture which have lasted till the present time. 
They consist of circles and avenues of large stones, 
either in the form of Menhibs (single upright stonc^s) 
or Dolmens (pairs of vertical stones supx)orting 
lintels). The circles are known as Obomlechs. 

Prehnite {Min,) An acid calcium aluminium 
orthosilicate, H^Ca^l^SLOjj. J^seudo-Rhombic. Usu- 
ally in green or yellowish mammillated masses, with 
a radiating crystalline structure, rarely showing dis- 
tinct terminations to tbe crystals. It is found in 
some eruptive and metamorphic rocks. Boyleston, 
Old Kilpatrick, etc., near Glasgow; Edinburgh ; 
Dauphin^; China, etc. 

Praliminary {Typog,') This term is used to denote 
matter that precedes the main text of a work, e.g, 
title, preface, contents, list of illustrations, etc. 

Preller’a Leather, fke Crown Leatheb. 

Preparing, Prepared {Laoe Manvfao,) Relates 
to yam that is rolled or calendfTcd. 

Pre-Raphaelite Brotherhood {P.R.B,) An asso- 
ciation of artists formed about 184*8, and consisting 


at first of W. Holman Hunt, D. G. Rossetti, and 
J. E. Millais. Subsequently there were associated 
with them T. Woolner, F. G. Stephens, and J. Collinson. 
The objects of the association were a closer study of 
nature, and to protest against certain academic 
dogmsu. The Oen'm^ the organ of the association, 
of which only four numbers were published, was 
issued in 1850. Its principle was “ to enforce and 
encourage an entire adherence to the simplicity of 
nature." This principle was to apply to poetry as 
well as painting. Ruskin described the methods of 
the association as an attempt ** to paint things as 
they probably did look and happen, not as, by rules 
of art developed under Raphael, they might be 
supposed to gracefully, deliciously, or sublimely 
have happened." The association continued until 
1854. 

Press. The literature of newspapers ; collectively 
I the representatives of newspapers who attend 
j meetings for the puq)oso of taking reports. 

j {Bind.) The name given to several 

I appliances u.sed in bookbinding, e,g. arming, blocking, 
j lying, sewing, standing press, etc. {q-v.) 

! {Eng.^ ete.) A general name for a machine, 

vrorked eitlier by hand or i)ower, adapted for many 
' purposes, e.g. crushing various substances ; forcing 
a body to assume a more coinpiict form ; expressing 
oil, wine, etc. ; impressing a design on metal or other 
I substance ; printing. See Typoobaphy. 

I Pressed Bricks (Build,) Rricks that have beem 
; pressed in a mould before baking. This renders 
I them verj' dense. 

Pressed Glass. See Glass Manufacture. 

Presse {Paper Manufao,) An apparatus for 
converting wet pulp into sheets in pnpermakiug. 

I Presser, Flatware (Pot.) A potter who makes 
! such Hat ware as plates, saucers, dishes, etc. 

Presslnd (Lace Manufae.) A process that it is 
i necessary brass bobbins should undergo after being 
tilled with material, to restore them to a workable 
thickness. 

Pressing Block (Bind.) One of the wooden 
j blocks used to fill up a Standing I^iess (q.v,) when 
J there are not sufficient books for the purpose. 

PreiBlng Boards (/Vi/tf.) Glazed boards used for 
I pressing p)rinted sheets in order to give them a slight 
{ glaze and remove the indentations caused by the 

I tJPf*- 

, PreBsman {Print.) A term used in England to 
i distinguish the operator of a hand press from tl e 
minder of a printing machine. 

PreBB Pin (Hind.) A bar of iron used as a lever 
for oi)crating standing and lying presses. 

PresB Proof {Print.) The final proof marked by 
j the author or publisher “ for press." 

I ProBB RevlBe {Typog.) The first sheet printed at 
j press or machine. The reader compares it with the 
I author's press proof as a final cheek against errors 
and imperfections. 

ProBB RoUb {Paper Manvfae.) Heavy iron rolls 
used for pressing the wet paper after leaving the 
coufih rolls. 

PreBBure. A force exerted on an object (or quan- 
tity of material) and acting towards the object. The 
term pressure is often confined to forces which 
produce a Stress (q,v.\ but do not produce motion. 
Tressure is usually measured in units of force per 
unit area. 

{Fleet . Eng.) A term often used to 

denote POTENTIAL DIFFERENCE or Electromotive 
Force. 
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PreMttVfiy Baromatpic iMetearoL) Atmospheric | 
air exerts a pressure in all direotions, and its amount 
varies according to its density. The air at sea level, 
weighed down by the air above it, exerts a pressute 
of nearly 15 lb. per square inch cf surface, against j 
which It presses, and this pressure is measured by the | 
barometer. 

Preiaore Areas iMeteoroL) Areas over which 
relatively “ high iiressure ” or “ low pressure ” prevails 
for either short or long intervals of time. 

Preuure Forging (i^.) The shaping of wrought 
iron objects by means of dies actuated by a IlY- 
DBAULic Press (^.v.) 

Pretture Gauge (,^ng.) An instrument for mea- 
suring the pressure of a gas or liquid. The pressure 
of the fluid actuates the mechanism of the gauge in 
a great variety of ways ; in one of the commonest 
types of steam gauge the pressure tends to straighten 
out a bent tube, and the movement produced is com- 
municated to a pointer turning on an axis in the 
centre of a dial. 

Preisare Gradients (Meteorol.) See Gradient. 

Pressure of the Atmosphere. This is approxi- 
mately Jo lb. pvr square inch. Tlie Normal Pressure 
iKscd in ])hysics and chemistry as a standard of refer- 
ence is equal to that exerted by a column of mci'cury 
70 cm. high, and is equal to about l,Cd:V100 dynes 
per square centimetre. It has been proposed to take 
a pressure of 1,000,000 dynes per square cm. (10^ 
dynes) as a standard. 

Press View, dt is customary before an exhi- 
bition, etc., is opened to the public to fix a day on 
which representatives of the I’ress arc admitted 
to view the exhibits for the purpose of criticism. 

PresBWork (Print.) A term expressing the 
oiH'ralions of printing at hand press. It includes 
laying on the forme, dressing the tympan, making 
and cutting out the frisket, making ready, inking the 
forme, laying the sheet on the tyinpaii, running the 
forme beneath the platen, taking the impression, 
running out the forme, lifting the tympan, removing 
the printed sheet, etc. 

Prestissimo {^f^tsic). Very quick. 

Presto Quick. 

Preticelli Ware. See Glass Manufacture. 

Pricker (loutuiry), A wire used for forming 
vents in the upper i)art of a mould to allow the 
escape of the gases produced when the molten metal 
is poured in. 

(Mining). A rod used for forming the “ touch 

hole ” in blasting with powder. 

Pricking Up (Build.) The first coat of plaster 
on a lathed partition or ceiling. 

Prima {Muaic). First, chief, as prima volta, prime 
(abbreviated 1''), first time, used l>efore a repeat, 
when on the repetition other music is to be substi- 
tuted for that portion marked 1®; prima donna^ chief 
operatic female singer. 

(Priid.) The piece of copy containing the 

first words of the next “ take ’* or sheet. 

Primary (Qeol.) A term employed by the older 
geologists as synonymous with what would now be 
subdivided as the Deuterozoic (Carboniferous and 
Devonian), Protozoio (Silurian, Ordovician, and 
Cambrian), and Eozoic (or Pro-Oambrian) systems. 


Primary Alcohol (Chem.) See Alcohol. For 
examples of primary alcohols eee aleo METHYL 
Alcohol and Propyl Alcohol. 

Primary Amine (Chem.) See Amines. For the 
reactions of a typical primary amine eee under Etbyl- 
AMiNES and Methylamine. 

Primary Bow (Meteorol.) See Rainbows. 

Primary Cells (Bleet.) See Cells, Primary. 

Primary Coil (Meet.) That coil of an induction 
coil, transformer, etc., through which flows the 
primary current, i.e. the original current, whoso 
fluctuations are to be utilised in order to induce 
another or secondary current in the secondary coil 
of the apparatus. 

Primary Colours (Idght). See Colours, 
Primary. 

Primary Hydrocarbon {Chem,) One which con- 
tains no carbon atom linked to more than two others. 
See under Paraffins. 

Prime. A number which contains no factors 
except itself and unity, e.g. 3, 5. 

(Mnsie). The generator. See HARMONICS. 

, Priming (Paint.) Covering a canvas or 

other painting surface with a layer of colour to form 
a ground. The fii-st coat of imiut on woodwork, 
generally composed of red lead, turpentine, and a 
little linseed oil. See IIOUSEPAINTINO. 

Prime Conductor (Meet.) The positive conductor 
of a frictional or an electro.static machine. 

Prime Vertical (jUtrmi.) The vertical circle at 
right angles to the meridian, which passes 
through tlie east and west points of the horizon. 

Priming (Dee.) The first coat of paint given to 
a wood, cement, or other surface to form a foundation 
for the subsequent coats. It is important that it to 
mixed thin ; that is, with sufficient oil to penetrate 
well Into the 'wood, etc,, but not wholly so. The 
most common priming used is a mixture of white 
lead and red lead in the proportion of about 1 oz. 
of the latter to 1 lb. of the foriTjor. Yellow ochre 
mixed with wTiite lead is often employed, but it is 
important tliat the t»chre be very finely ground, in 
order that it may penetrate the pores of the wood 
and form a key for the subsequent coats of paint. 
An imperfect priming is often the cause of subse- 
quent blistering of the paint. Puttying is executed 
alter the prindng coat, to fill up all the cracks and 
bring all inequalities to a level surface. If the putty 
is applied to the raw wood or cement, it 'would 
extract the oil from the putty and cause it to drop 
out when dry. It is important when giving the 
priming coat to see that the brush reaches every 
part of the surface, into all the cracks, etc. It is 
also important that the work should be free from 
moisture when, the priming coat is applied. See 
Prime. 

(Bug.) The technical name for frothing 

or foaming iu a steam boiler. In violent ebullition 
the bubbles of steam rise so rapidly that {larticles 
of water are sprayed up into the steam space and 
suspended mechanically. The risk of this priming 
being <iarrieil off iu the steam pipe is serious, as it 
disarranges the engine valves aiKl is liable to knock 
out the cylinder heads. Hence the importance of 
dry steam, which commercially is held to be such 
when containing less than per cent, of moisture. 
The principal causes of priming, among others, are 
greasy and dirty water ; the injudidious use of caustic 
and other “softeners*’ in the boiler; insufficient 
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steam space ; too large a steam pipe ; deficient water 
surface area ; forced firing ; and faulty design. The 
last named is a more common cause than contracted 
steam space. As remedial measures the following 
may be noted : (1) Clean water and passing the 
condenser feed through an oil separator* (2) Keeping 
as great a water surSioe as possible, a vital feature 
being to ensure the water surface covering at least 
half the area of each space left for down curronts. 
(3) Tho use of an anti-priming or dry pipe for 

collecting steam. (4) The area of the steam pipe 
to be in proportion to the capacity of the boiler. 
(5) llegulating the water surface so that the steam 
shall not rise at the rate of more that 2 '5 ft. per 
second ; that is to say, the minimum water disengaging 
surface, in square feet, may be ascertained by 
dividing the number of cubic feet of steam generated 
per second by 2*5. (6) Attention to the de.sigu of 

boilers in relation to the foregoing. To remcMly 
existing faulty design, baffle plates may be fixed 
inside the boiler or the steam pipe area reduced. 
Though the lowering of the initial pressure may 
reduce the efficiency of the engine, it is often a 
lesvser evil than that of priming or installing a new 
boiler.— C. H, N. 

Priming of the Tides (Astrofi.) At the time of 
spring tides the interval between the corresponding 
tides of successive days is less than the averse, and 
then the tides are said to be “prime.’* 

Priming Talve (■&'’«/?.) A valve fitted to cylinders 
in steam engines to afford a vent for water carried in 
by Tbimino (q,v.) 

Prime (MuHc'), The treble part of a duet, the 
other part being the geoondo. See also Tbima. 

Primroie Chrome iDee.) The lightest grade of 
chrome yellow, sometimes called lemon chrome, 
although this is strictly a slightly deeper colour. 

Prlmuline. See Dyes and Dyeing. 

Principal (Build,) A I^incipal Kafteb (^.r.) 

(Munc), (1) An open metal stop on organs 

(see Obgan, p. 441). This stop is of 4 ft. pitch 
on the manuals and of 8 ft. on the pedals, and it is 
in the Great Organ Principal that the tuner lays the 
original bearings from middle 0 to the oc:tave above. 
(2) Hubject, the chief theme of a movement. 

Prindpal Foom (Light). Parallel rays of light, 
after falling upon a mirror or lens, converge to, or 
appear to diverge from, a point on the axis; this 
point is termed the 1 *binctpal Focus. 

Prineipftl Plane of a Crystal (Phys.) A plane 
drawn so as to contain the Optic Axis of a crystal. 
If the plane be drawn at right angles to a face of the 
crystal, it is termed the Principal Plane of that face. 

Principal Planes of a Lens (Light). A pair of 
planes drawn through the Pbincipal Points (g*v.) 
at right angles to the axis of the lens. 

Principal Points of a Lens (Light). These are 
two points so situated with rega^ to a lens that a 
ray travelling towards one of them will emerge, 
after passing tbroogh the lens, as if it came from 
the other, but parallel to its orifrinal direction. These 
points are also termed Optical Centbeb and 
Equivalent Points. 

Principal Rafters (Build.) The rafters of a truss, 
the timbers on which the purlins rest. See also 
Roofs. 


Print. A general term for an impression taken from 
engraved plates, types, etc. See also Photogbaphy. 

(Pattern JSaking, etc.) A projection on a 

pattern. This forms a recess in the mould into which 
the end of a CoBE (q.v.) is fitted to hold it in place. 

Printer’s Devil. A term applied to the junior 
apprentice in a printing works. 

Printer’s Ream. Twenty-one and a half quires of 
25 sheets, or 51G slieets in all, to allow, after making 
ready and spoilage, of a product of at least 508 good 
copies. 

Printing Frame (Photo.) A wooden frame which 
holds a negative closely in contact with the printing 
paper during tho process of PiaNTlNG (q.v.) When 
paper or film negatives are used the printing frame 
is fitted with a glass front. 

Printing Ink. See Inks. 

Printing Telegraph (Elect. Evg.) An instrument 
wliioh prints the message on a strip of paper either 
in the Morse alphabet (q.v.) or, in certain cases, in 
ordinary' type. 

Priory. A religious house, c.g. a monastery or 
convent, presided over by a prior or prioress ; they 
rank respectively next to an abbot and abbess. 

Prising (Eng.^ etc.) Moving an object by means 
of a lever or crt>wbar. Forcing open by leverage, 
e.g, a door or box. 

Prism. A solid whose sides are parallelograms, 
and whose ends are equal ]X)lygons. lying in parallel 
planes. I'risras arc described by the form of the 
base (or cross section), e.g. as triangular, square 
basc<l, etc. 

(Phys.) The term is applied, especially in 

physics, to a portion of refracting material in tho 
form of a prism, usually of triangular cross section. 
JtOTTLE PRISUB are glass vessels of triangular cross 
section with accurately plane sides, for containing 
a refracting liquid. also Ebecting I’bism, 

JSrEUTBOSCOPB, etc. 

Ppiunatic Camera (Astron.) A camera used for 
spectroscopic purposes when the prism or grating is 
pla(;ed in front of the object glass. 

Prismatic Compass. A form of compass used in 
surveying. It is provided with a sight and rcfiecting 
prism so arranged that wldle an object is viewed 
through the sight, the bearing of tbe line to it may 
be simultaiieously read by means of tbe refiection of 
the graduated scale in the prism. 

Private Yiew. The privilege of viewing pictures, 
etc., granted to exhibitors, their friends, and others, 
prior to tho admission of the public. 

Process. See under Thoto Engbavino. 

(Biol.) A portion of some cell, organ, or 

other structure which forms a projection ; e.g. many 
bones have processes, which serve as points of 
attachment for muscles, ligaments, etc. 

(Mining). A Cornish term for the per- 
centage of metal in a given ore. 

ProehoHS (Arehasol.) A small pitcher-shaped 
vase somewhat resembling the GBnocbce. Used by 
the Greeks for pouring water over tho hands before 
meals. 

Prodneer ( Eng.) A form of cupola furnace used 
for making Pboducbr Gas (q.r.) 

Prodooop Gas (Eng.) A mixture consisting 
essentially of hydrogen, oxides of carbon (GO and 00,), 



FBO 


5C5 


PBO 


nitrogen, etc., formed by blowing air through red- 
hot coke, coarse coal, or other carbonaceous fuel. 
There are many modifications of the process. The 
general result is a gaseous fuel of little or no 
illuminating power but considerable calorific value, 
suitable for use in* furnaces of nearly all kinds, and 
also for driving gas engines. 

Prodaeti of Combustion. The results of the com- 
bustion of ordinary fuel are carbon dioxide, CO„; 
water vapour, H^O; carbon monoxide, CO, etc. If 
the gases from a furnace are rich in CO, they can be 
utilised further as fuel. 

Profile. The outline or contour of anything, 
especially the human face as seem sideways ; also 
the outline of a building, projection of a moulding, 
piece of country, etc., shown by section. 

A mould xnade of fired pottery and 

used by the plate or saucer maker to form the foot of 
the piece. 

Progression. A series or succession of quantities 
each one bearing a definite relation to those which 
precede and follow it, e.g, a common difference in 
Arithmetical rnooRESSiOK, or a common ratio in 
Geometrical Progression. Thus 1, 5, 9, 13 arc 
numbers in arithmetical progression, and 1, 5, 25, 
125 ai-e in geometrical progression. 

Projection. A method of depicting an object on 
a plane surface by the use of straight lines called 
projectors. It can be orthographic projection or 
per8])ectivc projection. In the latter case the 
visual rays arc the projectors. If a straight line be i 
drawn from a point at right angles to a plane, its 
intersection with the plane is the Orthographic 
Projection of the point ; also, if a straight line be 
drawn from a point to the eye of the spectator, it 
cuts the plane of the picture at a point which is the 
Perspective Projection of the original point. 

Projection Lem* A lens or combination of lenses 
used for the formation of an image upon a screen. 
Set* Lantern Objective. 

Promlnencei (^Aiiron,) Incandescent clouds, 
varying in size and form, i-ound the limb of the sun. 
They are projections from the chromosphere, and 
attain enormous dimensions. They can be seen or 
photographed any time when the sun shines. 

PronaoB {Architect.') See Cell. 

Prong Chuck. A forked chuck used to give 
rotation to a piece of wood mounted between the 
centres of ii lat ho. 

Prony Brake {Sing.) See Dynamometers, 

Mechanical. 

Proof (AVi^mr., etc.) An impression taken from 
an engraved plate, lithographic stone, etc., to prove 
the condition and progress of the engraving, etc., 
daring its execution; one of a limited number of 
impresrions taken before the title, etc., is added to 
the plate or stone, and known as a Proof Impression, 
First Proof, or I^roof before Letters. See 
First Proof. 

— {Tgfwg.) Preliminary impression of typo 
matter either in slip, page, or sheet form. 

, Artist’s {Slngrar,^ etc.) A proof of an 

engraving, etc., signed by the artist. The signature 
of the artist is a guarantee of the satisfactory con- 
dition of the plate. 

Iiettered {JSngrav., etc.) A proof of an 
engraving, etc., that bears in the margin the title, 
etc. Slee under Proof 


Proof, Remarque etc.) A proof of an 

engraving, etc., signed by the artist, and bearing in 
addition a small design, sketch, or other distinguishing 
mark placed on the margin of the engraving. 

Proof Bar(Jlfcf.) A bar of steel which can be 
withdrawn from a cementation furnace to show the 
progress of the operation of Cementation {q.v.) 

Proof OorreetlonB {Tgpog.) The method of mark- 
ing errors or emendations in proofs is practically 
uniform in all printing offices, and the same method 
is usually adopted by writers. On the next page will 
be found an example of a corrected proof containing 
a number of the more common mistakes, and the 
marks by which the printer is able to rectify them. 

Proof Load {Sing.) A load greater than that which 
a structure has to bear when in use, applied to test 
the strength, defiection, or deformation, etc., of the 
structure. 

Proof Plane {Elect.) A small metal disc fixed to 
an insulated handle, used for transferring small 
charges of electricity from charged conductors. 

Proof Reader ( Typog.) See Header. 

Proof Spirit {Chem.) A mixture of alcohol (ethyl 
alcohol) and water defined by Act 58, George III., as 
** being such as shall at a temperature of 51** F. weigh 
exactly part of an equal measure of distill^ 
water ” (51® F. « 10*5® C.) It contains 49*24 per cent, 
by weight of alcohol, or 57*09 per cent, by volume of 
alcohol. The duty on all alcoholic liquors is charged 
according to the amount of proof spirit they contain, 
11 j. per gallon of proof spirit. Liquors containing 
more alcohol than proof spirit are called overproof, 
and those containing less are called underproof. If 
an alcoholic liquor is described as 10® overproof, it 
means that 100 parts by volume would give by dilu- 
tion with water 1 10 parts by volume of proof spirit. 
If the liquor is described as 10® underproof, it means 
tlmt 100 parts by volume of the liquor contain 
(100-10) = 90 parts by volume of proof spirit. 

Proof Btreu {Eng.) The greatest stress to which 
a substance can be subjected without exceeding the 
Elastic Limit {q.v.) 

Propane {Chem.) CH, . OH, . CH,. A paraffin 

hydrocarbon. See I’araffinS. 

Propeller {Eng.) See Screw Propeller. 

Proper {Her.) The tincture of a charge is very 
frequently its own natural colouring; it is then 
blazoned “proper.” 

Proper Motion {Aetron.) After allowing for all 
the common motions of stars, it is found that they 
really change their position with reference to each 
other, each having a particular or proper motion of 
its own. 

Propionic Acid ( Chem.) CH, . CH, . COOH. A 
colourless liquid. 8mells like acetic and butyric 
acids; boils at 140®; soluble in water; insoluble in 
a solution of calcium chloride. Boiled with bromine 
it yields a-brompropionio acid, CH, . GHBr . COOH. 
It occurs in small amount in many different fer- 
mentations of sugars, such as glucose and milk 
sugar. It is best prepared by the hydrolysis of its 
nitrile — propionitrilo or ethyl cyanide— by boiling 
with a dilute acid or with a solution of caustic 
potash. The nitrile is obtained by heating ethyl 
iodide and potassium cyanide at 18 (F in a eeal^ 
tube, and distilling the Edition product so formed. 
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a gmt and 

, was Dom at Boclefeohan, in Dnmfriassliire, 
in tha year 1795. 'He was educated at the bnigh 
< school of Annan, and afterwards at the UmTersity 
/ of Edinburgh. Classics and the hiBner mathematics 
’ wiere hie favourite studies ; and Ce was more espy 
fcially fond of astronomy. He was a teacher for 
I some years after leaving the University. For a few 
^lyears after this he was emged in minor liter^ 
t^ork ; and translfibing from the German oooapied 
/a large portion or his time. I n 1826 he ma rried 
Jane Welsh, a woman of abilities Gnferiocfo nl^to his 
own. His first original work wu tithrtor Msartus 
(“ The Tailor Bepatched **), which appeared in 1834, 

/ and excited -a great deal of attention. Perhap^ 
' hiymost remarlmble book is The French Revolntion .C 
lnu865 he completed the hardest piece of work he^ 
ha^ ever undertaken, his Jliitory of Ft'ederick II. 
^J5ne of the crowning external honours of CAULYLifa 
Mife was his appointment as Lord Rector of the Uni- 
versity o f Edinbmg h in 1866 ; but at the vciy time 
/that he was deUveri ng hFs famous and remarkable 
^ Installation Address, his wife lay dying in London.^ 
/OThis stroke brought temble sorrow on the olc^ 

S he never ceased to ^oum for his loss, Imd tqJ 
the virtues and the duties of character in his^ 
(rife I ** fhe light of his life,” he skid, “ was quite 

^ ut ; and he wrote very little after her death. 

Carlyle was an author by profession, a^^|gLcber of 
' and prophet to his co^trymen by hispj^on, and 
a student of history b]^he deep interest he took in' 

I the life of n^. He Wb always more ojf less severe 
in his iudg^ents — he has been calledy^Tbe Censor 
of the Age ’ —because of the high ideal which be sot 
up for own conduct and the conduct of others. 
He shows in his historic writings a splendour of 
imagery and^nower^f idramatictgrouping Lseeond 
ybnly to Shake$ear^ In command of words he is 
^second to no modem English writer. 


^*THE CENBOB OF THE AGE.” 

Teomas Cabltlb, a great thinker, essayist, and 
historian, was born at ]&clefechan« in Dumfriesshire, 
In the year 1795. He was educated at the buigh 
school of Annan, and afterwards at the University 
of Edinburgh. Classics and the higher mathematics 
were his favourite studies; and he was more e4M- 
cially fond of astronomy. He was a teacher for 
some years after leaving the University. For a few 
years 'after this he was engaged irf minor literary 
work; an*^ translating from the German occupied 
a large portion of bis time. In 1826 he married 
Jane Welsh, a woman of abilities only inferior to his 
own. His first original work was ^rtor HesartM 
(“ The Tailor Bepatched ”), which appeared in 1834, 
And excited a gpreat deal of attention. * Perhaps his 
most remarkable book is The FrenehJStvalutiou, In 
1865 he completed the hardest piece of work he had 
ever undertaken, his JJistory of Frederick II. 

One of the crowning external honours of Carlyle's 
Hfe was his appointment as Lord Rector of the Uni- 
versity of Edinburgh in 1866 ; but at the very time 
that be was delivering his 'famous and remarkable 
Installation Address, his wife lay dying in London. 
This stroke brought terrible sorrow on. the old man 
he never ceased to mourn for his loss, .'ind to recall 
the virtues and the beauties of character in his dead 
wife. “ The light of his life,” he said, “ was quite 
gone out” ; and he wrote very little after her death. 

Carlyle was an author by profession, a teacher of 
'and prophet to bis countrymen by his mission, Cind 
a student of history by the deep interest he took in 
•the life of man. He was always more or less severe 
in his judgments — he has been called “ The Censor 
of the Age”— because of the high ideal which be set 
up for his own conduct and the conduct of others. 
He shows in his historic writings a splendour of 
imagery and a power of dramatic grouping second 
only to Shakespeare's. In comjBftnd of words he is 
second to no modern English vfffier 


Expi.akatiok of the Coeebctions. 


1. The line should not be “indented" («r J 13) in this 

case, the reason bring that tlie first words of 
the paragraph are altered to capitals and 
small capital.*!. 

2. ’V/lien it is required to alter words from lower- 

case letters to capitals, three lines are ]ilaced 
beneath them ; to unall capitals, two lines : 
and ttj italics, one line. 

3. Substitute a comma for a full-point. 

4. The letter “ g” is upside down. 

6. The letter “ h” is to be taken out, or “ deleted." 

6, A “ hyphen ” is omitted. In all cases of omi.ssion 

a caret (a) is marked in the place, and the 
character written in the margin, except in the 
case of long sentences being left out, when 
the words “ Out — see coi>y ” are written instead. 

7. Substitute capital U for lower-ease letter. See 2. 
«. The letter “ g” is to be inserted. See 6. 

U. wf, (wrong fount) indicates that the letter 
marked iielongs to another fount of type. 

30. sigriifie.s the transposition of letters or worrls. 

11. Underlined for italics. See 2. 

12. or nefopar., commence a new paragraph by 
indenting the line one cm. 

13. As in the case of roman being marked to italic, 

the words required to be in roman arc under- 
lined once, and rom. (roman) is written in the 
margin. 


14. iSty' 13. 

1.5. The malUr has some foreign substance between 
the lines, causing them to appf'ur crooked. 
Lines are wilt ten above and below the words 
not in alignment. 

1(5. The paragraph should not have been broken 
here, but should “run f.n," these words being 
placed in the maigin. 

17. The letter is face downwards, 
lb. Substitute a full-point for the semicolon, and 
commence a new sentence. 

10. A space to be put in between the two words, to 
separate them. 

20. Tlic letters in the word arc too far apart, and 

sliould be closed up. 

21. A s[jacc is standing uji. 

22. A battered letter. 

23. When inverted commas or superior letters are 

to be insc*rted, they are usually written above 
the sign shown in the margin. 

24. Tlic rearler has mistakenly crossed out the 

word. To indicate that it must In* retained, 
dots are plaf;ed beneath it, and the Latin 
word gfet /let it stand) is written in the 
margin. 

25. The sjiaces between the words are not equal 

26. Apostrophe to be iii.sertod. See 23. 

27. Delete the word “ other ” 
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PrOMliion. Proportion is the equality of ratios. 
Thus lour quantities, a, are in proportion if 

b d 

Proportional Armg {Elect,) See Wheatstone’s 
Bbidge. 

Proportional OompaiseB. A pair of compasses 
consisting of two bars each pointed at both ends, and 
provided with a common fulcrum which can be 
placed at any requiied position along the bars. 
With the fulcrum fixed in any posititm there is a 
definite ratio between the extent to which the ends 
open out, and this ratio is kept constant while the 
instrument is being used for copying any drawing on 
a different scale from the original. 

Propnlgioa System of Ventilation. By this 
method of ventilation fresh air is driven mechanically, 
by means of bellows, pumps, or fans, into the building. 

Propyl (Chnn.) A name given to the residue re- 
maining when one hydrosren atom is removed from 
propane. As this can be done in two ways, there is : 

(1) The normal propyl group (jbtained by removing 
one atom of hydrogen Irom either of the terminal 
cfirbon atoms of propane. (2) The isopropyl group 
obtained by removing one atom of hydrogen from 
the middle carbon atom of propane. 

CHj . Cn.j . (.'llj,, nocinal propyl. 

CIlj. cm . (‘IlJ isopropyl. 

Exs. : Conine is a-propylpi peri dine, Cym. nc 

{fj.r.) is paramcthylisopropylbenzenc. 

PropylM (Architect.) A monurnentfil gateway in 
front of a building or group of buihiiiigs. The pro- 
pyla3a of the Acroi)olis at Athens is a lino example. 

Propyl Alcohols (Chem.) (1) Normal propyl 
alcohol, CHj(JlI.,( ’11.^011, is .a colourlesh liquid. Hmells 
like ordinary arcobol; boils at 97°; soluble in water ; 
insoluble in sffong calcium chloride solution. 
Chemically its behaviour is like that of ethyl alcohol. 
It is one of the constituents of fusil oil, and can be 
]>rcpared from some kinds of fusil oil by fracthtiial 
distillation. It also occurs in small quantities in 
various fermentations of cane and grape sugar. 
Artificially it can be made by the reduction of the 
anhydride of ]>ropionic acid by sodium amalgam. 

(2) isopropyl alcohol, CH,. CHOH. CH,, i.s a colourless 
liquid. Alcoholic smell; boils at 83°; soluble in 
water, and forms various hydrates with it. The 
hydrate 20,11.0 . H,0 has a constant boiling jioint at 
80^. On oxidation it yields acetone. It may bo 
obtained by redaction of acetone with sodium 
amalgam. See Ketones. It is also prepared by 
iKiiling isopropyl iodide with water and a weak 
alkali, such as lead hydroxide. The isofiropyl iodide 
may be obtained from glycerine by di.stilling it with 
amorphous phosphorus and an excess of fuming 
hydriodic acid. Normal propyl alcohol can bo con- 
verted into isopropyl alcohol by beating it with 
concentrated sulphuric acid to form propylene, 
uniting the latter to concentrated sulphuric acid and 
distilling the product with water * 

CH, CH, CH, CH, 

I I : I 

CH- - (TI (ai.lIKO CnOH 

I U I I 

CH,0H CH, i’H, CH. 

ProMenium. The part of a modern tiicatrc stage 
that lies between the curtain or drop scene and the 


orchestra ; the curtain and the frame from which it 
hangs. In an ancient theatre the proscenium oom- 
prised the whole of what is now known as the stage, 
but it was merely a narrow raised platform, with a 
scene at the back. The actors stood at the front. 

Prostylav or Prostyle (ArohUeot,) A temple 
having a columnar porch at one end only. See AntA 
and Amphipbostyle. 

Protamines ( Chem.) The simplest proteids. They 
arc found united with nuclein in the heads of 
the s{)ermatozoa of a number of fish, e.g, salmon, 
sturgeon, herring, mackerel, and others, and they are 
named after the fish from w'hich they are obtained. 
The protamines from the fishes mentioned are 
called respectively salminc, sturine, clupcine, scom- 
brino (T.iatin names). The free protamines are 
difficult to prepare in pure condition, and arc 
usually obtained as sulphates. The formulae of the 
four protamines mentioned arc approximately : 

Sturine .... C^IIyjNjyOg 
Scorn brine .... Cj-IlyyNjgOg 
Clupcine .... Ca^Hg^Nj^Oj, 
SjJmine .... CjoIlayN^yO,. 

They arc white solids; not coagulated by heat; 
their solutions arc precipitated by ammonium 
s\ilphatc and by common salt ; they are fairly strong 
bases ; their sulphates are soluble in water,* in- 
soluble in alcohol, and are precipitated by picric 
acid. They give the biuret reaction, and are pre- 
cipitat<*d by the alkaloid reagents (</.^^) They are 
hydrolysed by trypsin, but not by j^psin. Dilute 
acids ahs-; hydrolyse them. The first products of 
hydrolysis are called Tbotones, and are the peptones 
of the protamines. Further hycirolysis resolves 
them into the Hexonc bases, arginine, histidine, 
lysine, of which arginine is much the more frequent 
and abundant (84 per cent, in the case of salmine) : 

Arginine — gaanidine-a-amiuo-\alerianic acid, 

NH, 

HN = C . Nil . CH, . CH, . CH„ , CHNH., . COOH 

Histidine ~ of unknown constitution. 

Lysine a, e-diaminocaproic acid = CHNH^OH, . 
CH,.CH,.CHNH,.C00n. 

Proteids (Chem.) A general term u.sed to include 
a large number of substances which form the most 
iiiiportant constituents of the bodies of plants and 
animals. These substances are composed of carbon, 
hydrogen, nitrogen, oxygen, sulphur, and phosphorus, 
the first four being always present, the last two not 
always. The constitution is unknown in every case, 
and only in the case of the simplest members is even 
the formula approximately known. They are called 
by one general name because of the mode of their 
occurrence, their optical activity (all licvo-rotatory), 
the general similarity of their decomposition pro- 
ducts, their colloidal character (although many of 
tiiem can be crystallised, they arc nevertheless 
colloids), their colour reactions. The proteids may 
be divided into the following chisses : (1) Simple 
proteids, such as the albumins (q,'\\ globulins (ff .v.)j 
casein (^.r^-) (^) Compound proteids, sucli as hasmo- 
globin {q.v.) ; the nuclco-proteids, which are com- 
pounds of simple proteids with a substance (or 
substances) called nuclein, which forms the chief 
constituent of cell nuclei and yields nucleic acids 
(q.v,) on decomposition. (3) Albuminoids, such as 
gelatine (q»v,) and elastin. (4) Protamines (q.r.) 
Among the products of hydrolysis cf proteids, 
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whether the hydrolysis is effected by acids, alkalis, 
or enzymes, may bo mentioned glycocoll ($'.9^.)* 
alanine leucine (q.v.), aspartic acid (q,r.)t 

g lataminic acid (q.v.), tyrosine (q.p,), arginine, histi- 
ine, lysine (jtee vnder Pbotamines for these three), 
and other i>rodacts. See Hjehoolobin. 


Proterozoic System ( ffeel.) 
PlFOtoeateehiiio Acid 

COOH 

C 



CH 

C.OH 


C.OH 


Pale yellow needles, containing one molecule water 
of crystallisation ; the anhydrous acid melts at 199°, 
and loses carbon dioxide, forming jiyrocatechol 
(q.v.) Soluble in w'ater, alcohol, ether. Ferric 
chloride gives a green colour to its solution, turn- 
ing blue, then red on addition of alkali; reduces 
ammoniacal silver. On treating it with halogen 
alkyls and alkylcns and caustic potash, it yields 
ethers ; e.q. methyl iodide yields vanillic and veratric 
acids, 

C,H,(OCH^ . Oil . COOH and C,H,(OCHOoCOOH. 

8 4 1 

Methylene iodide yields piperonylic acid, 

/ COOH 


P. eerasue, the cherry ; P. amygdaiue^ the almond ; 
P. persiea^ the peach ; P. domeetiea, the plum ; 
P. armeniaca^ the apricot. 

PruBzian Blue {Chem») When ferric chloride is 
added to an excess of a solution of potassium 
ferrocyanide, a blue precipitate is formed which is 
completely soluble in much water, giving a blue 
solution, but insoluble in salt solutions. Iliis sab- 
stance is called soluble Prussian blue ; it is potassium 

ferric ferrocyanide, K . Pe. | Fe(CN), j- . When potas- 
sium ferrocyanidc.is'added to ferric chloride solution, 
a mixture of soluble and itisolublo Prassian blue is 
formed, and if the precipitate is heated with ferric 
chloride all the former compound is converted into 
the latter, and ferric ferrocyanide or insoluble 

Prussian blue, Fe^| Fe(CN)g is obtained. Jt con- 
tains water, which cannot be expelled without 
decomposition. It is a blue solid with coppery 
lustre ; soluble in ammonium tartrate, giving a violet 
solution, and in oxalic acid, giving a blue solution. 

It is decomposed by caustic potash : Fe^-J Fe(CN),J-, 

+ 12KOH = 3K,Fe(CN)g + 4Fe(OH),. See aUo 
Mebcuby CoMPOliKDS. Commercial rmssiaii blue 
is a mixture of soluble and insoluble Pnissian blue 
and Turnbnirs blue obtained by adding ferrous 

sulphate to potassium ferrocyanide, and oxidising the 
precipitate with chlorine water or bleaching j^owder, 
then treating it with hydrochloric acid to remove 
ferric hydroxide. It is used as a paint. 


Sue PiPEBONAL. It is formed on fusing certain 
resins with caustic potash, such as asafoetida, catc- 
chin, kino ; and in the same way from pijjeric acid. 
See PiPERiNB. It is also formed by heating pyro- 
catechol (f .v.) with ammonium carbonate at 140°. 

ProtoplaBm {Biol.') The essential living substance 
of animal and plant organism.s. It is of a viscous 
consistency and semitransparent. It is an unstable 
complex compound of carbon, hydrogen, oxygen, 
nitrogen, sulphur, and perhaps phosphorus. 

Protozoie {Geol.) One of the four great divisions 
into which the whole of the Sedimentary Hocks have 
been divided. The oldest daring which life first caroc 
into being upon the Earth is the Eozoic. Next to this, 
when the earliest forms of life yet known prevailed, 
is the one nnder notice ; following that comes 
the Denterozoic or second type ; and finally appear 
the forms of life which are more or less olo.sely 
related to those of the present day, which is called 
the Neozoic. It l)egins with the Dyas or Lower New 
Hed. This classification is based upon the general 
facies of the Lite of the Fast at different periods 
in the Earth’s history. 

Protpactor. A divided scale used for marking 
angles on paper. It may be straight, circular, 
semicircular, etc. 

Proinbepanoet {Aetron.) See Pbohinences. 

PpoUBtlte {Min.) Silver sulpharsenite, 
SAg^K . ASgS,. Silver s: 65*4, sulphur = 1 9 *4, arsenic = 
15*2 per cent. Hbombohedral and hemimorphic, 
occurring in deep red crystals with a submetallic 
lustre. Chiefly from the Harz Mountain mines. It 
is also called Huby Silvbb. See rvEAEGYBiTB. 

Pmums {Botany). An important genus of the 
Bwftceee, The following are the chief species : 


{Dec.) Is one of the most important and 

one of the cheapest blues used by the house painter. 
It is made by adding ferrous sulphate to a solu- 
tion of potassium fentxjyanide. The blue works 
well both in oil and water. In tlie lump it {>osseKse.s, 
if of good quality, a certain unmistakable coppor-Uko 
hue. It cannot be u.sed with lime, is not quite per- 
manent when cx|)Osed to light, but sufficiently so 
for all ordinary purposes. Chinese blue is high 
quality of the same pigment; Brunswick bine, a 
mixturo of rru8sir4n blue and barytes. 

PruBzian Brown {Dee.) A pigment very similar in 
colour to umber, and made by partially carbonising 
Prussian blue. It is now very little used. 

PruBziate Bath. Tlic solution of yellow pnissiatc 
of i>ota<«h or potassium ferrocyanide used in the Blue 
Pbocess for copying. 

Pruizie Acid {Chon.) iSIrs Hydbocyamio Acid. 

Pzaltery {Archteol.) A mediscval musical instru- 
ment consisting of thirteen strings and a sounding 
board. The strings were played by plucking them. 

Pzammite {Oeol.) A word long in use on the 
Continent to denote any kinds of rock which consist 
essentially of sand, whether coarse or fine, and now 
coming into use in Britain in the adjective form 
Psammitic to convey the same idea. 

Pieudo Acidf and Baaee {Chem.) A pseudo acid 
is a substance which does not by itself show acid 
properties, but which on solution in a suitable 
solvent undergoes electrolytic dissociation at a 
measurable rate into acid ions. The original sub- 
stance and its ions have not the same constitution, 
for during the resolution into ions isomerisation has 
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occurred. This phenomenon is called ionisation 
isomerism. An eicample o£ a pseudo acid is nitro* 
form. HC(NO,),. 



Fseodo Acid. Gonatitd'uioii of Salt. 

IfyiKtibetioal Acid 
whicii yields the Ions. 


The pseudo acid is a colourless crystalline solid 
which melts at 15^ ; in non-ionising solvents (ben- 
zene, chloroform, dry ether) it gives colourless 
solutions, but in presence of water the solution turns 
yellow, and its conductivity shows it to be a very 
strong acid. Other examples of pseudo acids are the 
acid amides 

B.CO.NHj Il.C:NH 

OH 

^Acid from which Salts are derived.) 
the nitre- and isouitjo-compounds (see Niteo 
Compounds), the keto-enol compounds {itee Ethyl 
Acetoacetate). Pseudo acids are distinguished in 
several ways ; thus their aqueous solutions neutralise 
a base gradually, that is as the pseudo acid iso- 
merises ; also they have an abnormally great tempera- 
ture coefficient of conductivity and an abnormally 
great variation of dissociation with variation of tem- 
perature. They do not form salts with dry ammonia 
in a non-dissociating solvent, but they do so in 
presence of water. Pseudo bases are substances 
which in themselves are electrically indilTereiit, but 
are isomeric with ammonium hydroxides, and can 
pass into these, forming ammonium salts. Examples 
are the ammonium hydroxides of the acridine and 
quinoline series and a number of colour bases ; e.g. 
when caustic soda is added to the hydrochloride of 
hexamethylpararosaniline, a strongly dissociated 
alkaline hydroxide is formed which gradually 
isomerises to the oarbinol form. 


\c.n4:N(CIl,),OH 


C,H,N(CH,\ 

nO.C ^ 

\CoH,N(CH,),. 


Paendo-Dipteral (Arrftiteet.) A temple having 
only one range of columns at each side, but the 
distance of these columns from the side walls is 
the same as if there had been two ranges. See 
Diptebal. 


Pteadoiiaiin ( ('hem,) See Isatin. 


Piaadomorphiun (AT/n.) The assumption by one 
mineral of the form of another. It may occur by the 
pseudomorpbuus mineral coating the original, or by 
the oneinfiltratiugacast left by the otheronits decom- 
position, or by a gradual replacement of one mineral 
by another, or, lastly, by some chemical change 
occurring in the original mineral without change of 
form. 


Paendo-Peripteral (ArehUeef.) A temple some- 
what resembling a peripteral temple, but attached 
columns are used on one side or more instead of a 
aeries of detached columns. Sec I'ebipteual. 

Ptilomelane {Min.) Hydrous manganese man- 
ganate, H 4 Mn 05 : not crystallised; occurs in mauimil- 
lated masses of black colour. It contains 70 to 80 
per cent, of the oxides of manganese, and nearly 
always some barium. It is often associated with 
other manganese ores, and may occur in any of their 
localities. 

PeyehronieteP {Meteorol.) An instrument for 
determining the restive humidity of the atmosphere 


by the temperature of evaporation. It oonslste of 
two similar thermometers, the bulb of one being 
covered by thin muslin connected to a wick dipping 
into water. 

Pt {Chem,) The symbol for Platinum (g.e.) 

Ptera {Architect.) The ranges of columns sur- 
rounding a Grecian temple. See Pbbistylium. 

Ptepoma {Architect.) Spaces between the side 
walls or pteromata of a temple and the range of 
columns sun'ounding it. 

Pteromata {Architect.) The side walls of a 
Grecian temple. See Pteboma and Pteba. 

Ptomidnes {Chem.) A name given by Selmi to 
substances obtained from corpses which have basic 
properties show the general reactions of the plant 
alkaloids, but arc not identical with any of these, 
and some of which are poisonous. A knowledge of 
their properties and the methods of isolating them 
is very important in some cases of poisoning, as 
cases have arisen in which persons have T>ccn sus- 
pected of administering an alkaloid when death has 
really bean caused by ptomaine poisoning. Ptomaines 
arise in several distinct ways: (1) In flesh, by the 
process of putrefaction ; (2) as products of the action 
of bacteria, the bacteria being contained in the flesh, 
bat not producing ptomaines until the flesh is eaten ; 
(3) in certain shell fish, such as the mussel, when 
it lives in water contaminated by sewage or in 
stagnant water. Chcmitmlly, ptomaines belong to 
very different classes of compounds. Borne are 
derivatives of ammonium hydroxide {see Choline, 
Muscabine, and Neubinb); others are diamines 
{see Cadavebine and Putbkscinb) ; others are 
pyridine derivatives, and many are of unknown con- 
stitation, as, for example, the substance called 
mytilotoxine, CgHi.NOjj, which is believed to be the 
mussel poison ; and the substance called tyrotoxicon, 
which does not give the alkaloid reactions, bat re- 
sembles diazobenzeue in its poisonous action, and 
which is obtained from cheese. The mode of origin 
of some ptomaines is intelligible. Choline, ncurine, 
muscarine, betaine, and trimethylamine all arise 
from Lecithin {q.v.) 

/! Neurine (by dehydration) 
Lecithin Choline Muscarine (by oxidation) \ 
(Hydrolysis) ^ Betaine (by oxidation) / 
Trimethylamine. 

Arginine is a decomposition product of proteids, and 
it yields ornithine on hydrolysis, which in turn can 
yield putrescine. 

HN : C . CH, . CH,, . CIINH, . COOH 

Arginine. 

CHjNHj. cn,. iBj. CHNH, . COOn 

(Withine. 

CHjNH. . CH, . CH., . CH.NII., 

'l*utre8cino. 

Lysine, another decomposition product of proteids, 
might yield cadaverine, just as ornithine yields 
putrescine : 

CHjNH, . CH, . CH, . CH, . CHNH, . COOH 

Collin.. 

CIIsjNHa . dig . CH, . CHg . CHNHy 

Cadaverine. 

The method of extracting ptomaines is as follows 
(Brieger’s) : The substance is slightly acidified with 
hydrochloric acid, and evaporate to a syrup on a 
water bath; the syrup is extracted with idcohol, 
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and a solution of morcuric chloride in alcohol added 
to the extract. This precipitates the ptomaine as a 
double salt with mercuric chloride, and this double 
salt is extracted from the precipitate by hot water. 
The procedure now depends on the ptomaine present ; 
tf.y. the double hydrochloric of choline and mercury, 
if present, will crystallise from the hot solution, while 
all others remain in solution. The mercury is pre- 
cipitated from the solution by sulphuretted hydrogen, 
and the filtrate evaporated to dryness. On extract- 
ing the residue with hot alcohol, bydroclilorides 
of diamines, such as putrescineand cadaverine, remain 
behind, and so on. The symptoms of ptomaine 
poisoning are not always the same, but vomiting, 
purging, prostration, and cramp in the legs arc 
common. A difficulty in the detection of ptomaines 
arises from the fact that they arc only intermediate 
stages in a long series of decompositions of complex 
substances, so that they may be present for a few 
days only, then disappear. 

P-Trap iBuild.) A trap resembling the letter F, 
having a nearly horizontal outlet. 

Ptyalin {CfiemJ) Diastase. 

Pucella {Glasit Manufar.) A spring tool: the 
priociml tool of the glass maker. In form some- 
what like sugar tengs witli the sides flattened at a 
right angle to the spring and tapering to a point. 

Puddled Ball (il//^.) The mass of puddled iron 
withdrawn from the furnace. 

Puddled Bar {Met.) The bars of wrought iron 
when they leave the rolling mills. 

Puddlers* Mine {Met.) A mixture of ground 
hsematite and water, used in lining puddling 
furnaces. 

Puddling (1) Mixing clay witn waten 

either for making a plastic mass or to aid the 
separation of stones and grit from the clay, as in 
brickmaking. (2) Filling or lining a space with clay 
to render it watertight; e.g. a cofferdam is made' 
watertight by ramming clay behind the boards. (,'{) 
The clay used in the latter operation is itself termed 
Puddling. 

(Met.) The conversion of brittle pig iron 

into malleable iron by decarburising the former and 
removing silicon, phosphorus, sulphur, etc., by atmo- 
spheric oxidation. Cf. I'lo Boiling. See also Iron. 

Puddling Furnace {Met.) A rcNcrleratory fur- 
nace in which the operation of puddling is carried 
on. Furnaces. 

Puer {Leather Manvfac.)' A bate of animal dung 
used for softening 1 rides. 

Puering (Leather* Manvfac.) Skins after liming, 
unhairing, and fleshing arc steeped in a fermenting 
solution of excrement. This process is termed 
PUEBlNO (jnier, to stink) when dog excrement is 
used; bating when the excrement of fowls is em- 
ployed. See Bating. 

Pugging {Build.) Bough plaster or slag wool laid 
between the joists of a floor to form a filling and 
render the floor sound proof. 

Png Mill. A mill used for mixing clay for bricks, 
materials for making concrete, etc. See Bricks. 

Pulley. (1) A general term for a small wheel. 
(2) A wheel on a shaft driven by or driving a belt. 

PnUey Block. A wood or metal frame carrying 
one or more grooved pulleys oter which ropes or 
chains run. 


Pulley Style {Carp, and Join.) One of the 
uprights into which the pulleys are fixed to carry 
the sashes and weights in a cased frame. 

Pulling Up {F\mndry), The tearing of the sand 
of a mould whilst the pattern is being withdrawn 
from the mould. 

Pulpit. An elevated enclosed stage in a church 
from which the preacher delivers his sermon. 

Pulp Saver {Paper Manvfae.) An apparatus for 
recovering smell particles of pulp from surplus 
backwater. 

Pulse {Botany). A general term for the seeds of 
the order Leguminosee^ e,g. Beans, Peas, and l^eutils. 

— {Music)^ See Beat. 

Pulvinated {Architect.) A pulvinated frieze is 
one which ha.<; a convex face. 


Pumice {Gfo7.) Strictly*, speaking this term 
should be restricted in its scientific application to 
the volcanic froth which has been formed at the 
surface of a liquid lava of acid com|X).sition, ati<l 
which has been blown into the air from the crater 
from time to time while small explosions of steam 
were rising through the fluid mass. These frothy 
ejections, full of vaj)Our cavities, hut consisting 
essentially of volcanic glass or obsidian, have in 
many erases fallen back outside the crater, and hase 
thus contributed to the growth of the volcanic cone. 
The best pumice i.s obtained from the Lipari Island, 
mostly from the ("ampo Bianco. 


Pumiceatone {Dec.) Pumice has important use 
in }»ainting, by assisting in. the production of level 
surfaces and by reducing inequalities. It is used 
with water, and is first rubbed flat on one side, so as 
to prevent scratching. Carriage painters more fre- 
quently use specially made pumice composition 
blocks. Powdered pumice is emi>lo}ed witii a felt, 
rubber and water to rub down certain varnished 
surfaces, and in order to get a perfectly smooth 
ground for subsequent v;oats of varnisli 

Pumping Engine. An engine specially fitted for 
driving pumf)s for any purpose. Very large engines 
are used in mines for drawing off the water from the 
workings, and it w^as in this connection tliat steam 
engines were first used, lilany large ])umpiiig en- 
gines are beam engines, following the type of the 
early steam engines. 


PumpB. The principle of the common Lift Pump 
is shown in fig. 1. A ]>istou or Bucket A fits 
smoothly in the Barrel b, and is raised and lowered 
by the rod c. A pipe B dips 
into the water to be raised. As 
the piston is raised a partial . 
vacuum is produced in the I 
barrel, and water rises in the 
pipe K, passing through the “* 

Foot Valve d as soon as the "Q 
pressure of the air in the l}arrel 
has been sufficiently diminlslicd. 

When the piston descends, D 
closes, and the valve F, termed 
the Bucket Valve, opens, and I ^ 
allowsthe water to pass through ' - 

the opening into the space above 
the bucket. When the piston 
rises again, F closes, and the 
water is lifted until it flows 
out of the spout G. The actual 
height to which water can be Fio. l. 
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drawn is about 25 ft, measured from the level of 
the water in the reservoir below the pomp to the 
position of the bucket whto 
at the highest point of its 
stroke. Wlien, water has to 
be raised through a greater 
height than this, some form 
of Fobce I"ump (fig. 2) is 
used. The piston or PL0NUEB 
of this pump is solid. The 
action during the ascent of 
the piston is similar to that 
of the lift pump; but as the 
juston descends, the water is 
forced through a valve A and 
lip the pi{>e B. The height 
to which the water can be 
forced now depends only upon 
the force which is applied 
to the pist.on or plunger dur- 
ing the downstroke. The 
discharge from a force pump may be made continuous 
by the use of an air vessel (lig. J*}). Water enters 
the chamber A through B, and escapes through tlie 
pipe c, who.se diameter is so adjusted that during the 
downstroke of the pum]) the water enters through B 
more rapidly than it can escape through c. As a 
consequence, the air in the space d is compressed, 
an<l the w’ater in A is under ccmshlcrablc pressure at 
the end of the downstroke. This ])ressur(i causes the 
water to fiow through 0 after the downstroke ceases, 
and, if the vessel be of suflicient size, this flow will 
l^ecome continuous. Many modern types of pump 
driven by power arc const rmded on tbe principle of 
the force pump. Home of these are double acting. 
An inlet and an outlet are provided at each end of the 
barrel, so that tlic fiow of water through the pump 
is analogous to the movement of tlie steam in the 
<*vlinder of a steam engine. A totally different prin- 
ciple is used in the Ckntbifuoal Pump. The moving 
jK)rtion consists of a number of curved blades 
mounted on an axle, by which they arc set in rapid 
rotation. This part, or Fan, _ - 

is contained in a circular 
casing, provided with inlets at / r-k \ 
the centre and a wide outlet at | D \ 

the circumference, running in L j 

a tangential direction. The '3:j 

water fills the casing, and is VV.’ VV 

set in rotation by the blades; V^-zz\rz\zj 

centrifugal force drives it out- 

ward, and it floivs through 

the discharge pipe in a steady ^ 

stream, while fresh water is ^ _ 

continually drawn into the C 

casing through the inlet pipe. ^ 

A centrifugal pump is not 
suited to very high lifts, and it only works with 
its maximum efficiency at the one lift for which it 
was designed. 

Puna Winds (^Meteoml.') Very dry winds which 
pass over the barren tableland, called the Puna, 
to the oast of Arequipa in Peru. These winds are 
jjarched to a degree that has perhaps no parallel in 
any other country. 

Poneht A steel tool used for forming holes in 
thin metal, etc., by driving the point through with 
blows from a hammer ; also for a great variety of 
purposes apart from this use, e.g, used by carpenters 
and joiners^ for driving the heads of nails below 
the surface of woodwork. 



Punched Holes (Eng.) Commonly used in riveted 
work, such as boilers, girders, etc. The holes are 
usually made by a punching machine, but tbe plate 
is apt to be weakened by punching, and drilled holes 
are preferable. 

Punching {MasonvyX Dressing masonry with a 
tool known as a punch. 

Punching Machine (JCng.") A machine for driving 
a large punch by power ; used in all boiler shops, etc. 

Punta The point, as collapunta delV arco^ 

with the point of the bow. 

Purbeck Beds Hocks of fiuviomarine 

origin, in l^ritain, which occupy a position inter- 
mediate between the Wealden Strata and the Port- 
land Hooks, and, according to many British authors, 
forms, with them, the uppermost Jurassic Hocks* 
At and near I’urbeck these strata have yielded an 
exceedingly interesting suite of mammalian fossils 
which otherwise would have remained almost entirely 
unknown. 

PurchaCse. A term signifying leverage. 

Purification of Sewage (^Ciril Ung.) Sewage is 
purified by processes which may be classified in a 
manner similar to those adopted for tlie purification 
of water. The presence of the grosser part of the 
sewage may be very largely dealt with by settling 
tanks, but bacteriological methods are gaining 
ground. See Sanitation, Septic Tank System, 
and Sbw.\oe; also Filters, Filtration. 

Purification of Water {Ciril Kng,) This is 
effected by three means: (1) Mechanical, e.g. by 
Leaping Weirs (//.r.), Settling Tanks 
or hy simple filtration. (2) Chemical means, c.^r. by 
Clark’s Process for softening water. (3) Bacterio- 
logical means. Bacteria and other organisms liavo 
a groat effect in the purification of water, the con- 
ilitious of which are very complex and not completely 
understood. 

Purifiers { Gas Mu nufaiJ.) See C as M anu factube. 

Purines (^Chrm.) Are derivatives of Purine 
N— -CII 
ilC C.NH 

X- -C.N 

a white solid, crystallising in minute needles from 
toluene ; melts at 216° to 217°, and volatilises on 
further heating, with partial decomposition; very 
soluble in w^ater ; neutral reaction, but forms salts 
wit h acids, behaving as a monacid base. It is stable 
towards oxidising agents, and thus does not yield 
the murexide test (r/.r.) It is obtained from uric 
acid by converting it into the potassium salt, acting 
on this with phosphorus oxychloride at 160° to 170°, 
and treating the dichlorpurine so obtained with the 
game reagent at 160^10 155°, obtaining 2:6:8-t.ri- 
chlorpurine. The trichlorpurine heated with bydriodic 
acid and phosphonium iodide at 0° yields 2 : 6- 
diodopurine, which, on boiling with zinc dust and 
water in a stream of carbon dioxide, gives purine as 
an insoluble zinc compound. Tbe latter is decomposed 
by boiling with water and passing in sulphuretted 
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hydrogen : on filtering and conoentrating in a vaonnm 
the purine cxystallises out. 


HN- 

OC 




-CO 

L 


NH\ 


II )CO 
-C.NH/ 

Uric Acid. 

:n=c . Cl 

cic (!nh . 

II >cc 

C.N/ 

2 :6 :8-Tricbloipani)e. 


N=-^C . Cl 

I I 

CIO O . NH\ 

II II )co 

N C . NH/ 

2 : 6-Dichlorpurine. 
N=xCI 




N= 


> IC 

II II >CH 

N C.N 

^CH 

I 

CNHv 


II II }> CH 
N C . 


In naming the different purines the purine 
is numbered as shown in the diagram : 



C2 

ll- 


:^C . 


a'.N^ 


\c8 




ring 


Examples : unc a(;id is 2 : G ; 8- trioxy purine. The 
2 : 6 : 8-tricblorpurine mentioned abo>o crystallises 
in plates which contain five molecules water of 
crystallisation, and is soluVde in 70 x^rts of hot 
water. It is an imf)ortaut starting x>oint in the 
synthesis of a number of purine derivatives. When 
heated with a normal solution of caustic potash it 
yields C-oxy-2 : 8-dichlorpurinc : 


N CO 


i; 


ClC C . NH 


-C . N 


/ 


'CCl 


from which guanine, hyxx>xanthinc, and xanthine can 
be synthesised. tSee these, Hypoxanthine is obtained 
from 6-oxy-2 : 8-dichlorpurine by reduction with 
hydiiodic acid. The four purine bases adenine, 
guanine, hypoxanthine, and xanthine are decom- 
position products of the nucleic acids. Adenine is 
6-aminopurine, and it can be obtained from 2:6: 8- 
trichlorpurine by the action of aqueous ammonia, 
which yields C-amino-2 : 8-trichlorpurinc, and 
hydriodic acid reduces this to adenine. Tlic xmrine.s 
caffeine guanine, hyx)oxanthinc, theobromine 

(jf.r.), and xanthine occur in food stuffs — hence the 
importance of a careful diet in those .suffering from 
uric acid diseases. Meat, certain vegetables, such 
as peas, beans, lentils, and asxiaragus; tea, coffee, 
cocoa, and beer all contain x>urines ; but milk, butter, 
cheese, eggs, and white bread contain very little 
Ijurines, Wines contain no x>urine8. 

Purlins (Build,) The boiizontal beams that 
snpxiort the common rafters. See B00I>'S. 


Purple Brown (Bee,) The popular name for 
|>urple oxide (q.v.) It may be imitated by adding a 
little ultramarine and lampblack to Indian red. 


Punple of OmsIiu (Chem,) See Tin Compounds. 

Purple Oxide (Bee,) A dark reddish purple 
pigment consisting almost wholly of artificially made 
ferric oxide. It makes a cheap and serviceable paint, 
and is usually sold as Purple Brown. 

Purpose Made (Build,) The term applied to 
bricks, etc., made to a given x>attern. 

Pi^nre (Her,) l^urple, a tincture rarely used in 
Englisii heraldry. Kepresented by diagonal lines 
from left to right. See under Heraldry. 

Pnrpurio Acid (Chem,) Not known in the free 
state. When an acid is added to any of its salts, tho 
purpuric acid decomx^oscs into alloxan and amido- 
barbituric acid (uramil). Ammonium purxmrate, 
commonly called murexide, is its most imx>ortant 
salt : 


IIN— 

1 

—CO 

1 

00— 

1 

-NH 

1 

1 

OC 

i 

-N:C 

( 

CO 

1 

II 

1 

1 

HN— 

— C . ONH, 

OC— 

— NH 


It crystallises in red prisms, which show a fine green 
lustre by reflected light ; sx»aringly soluble in cold 
vrater, much more soluble in hot water; insoluble 
in alcohol and ether ; decomjMjsed by acids into 

alloxan, TIN (X) and uramil, HK- -CO 

! I I 

OC CO OC Cn.NIL 

II II 

JIN CO HN- -CO. 

Caustic pota.sh turns its solution blue. It is ob- 
tained by evaxKjrating uric acid with nitric acid, 
and adding ammonia to the residue (murexide 
test) I by mixing ammonia solutions of alloxan and 
iiramil ; by boiling uramil with ammonia and mer- 
curic oxide. Formerly it was much used as a dye, 
and it is still .so used to a small extent. 

Purpupln (Chem.) 


CH CO COM 



(1:2: G-trioxyanthraquinone). Crystallises from 
aqueous alcohol in orange coloured prisms which 
contain one molecule water of crystallisation. 
Becomes anhydrous at KXP; sublimes on heating 
and melts at 253** ; soluble in alcohol and other ; 
slightly soluble in hot water. Dissolves in alkalis, 
forming a red solution, which is oxidised on exposure 
to air, turning yellow and yielding phthalic acid. 
Dissolves in a boiling solution of alum, forming 
a pink solution with yellow fluorescence. With an 
alum mordant it dyes a beautiful scarlet red. It is 
oxidised by nitric acid to phthalic acid ; heated with 
zinc dust it is reduced to anthracene. It occurs 
with alizarin (q,r.) in madder root. It is obtained 
from alizarin by oxidation with manganese dioxide 
and sulxihuric acid at 15(P. Isopurpur^ also called 
anthrapurpurin, is Isomeric with puzpurin. Flavo- 
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^urpuriu is also isomeric ^ith purpurin. Both 
somcrs arc also used as dyes. 

OH OH 

•ccn" -cco" 

iK^urirarin. Flavopxirpnrin. 


Path (Elect, Et^.) A contact maker actuated 
by a stud which is pushed in by the finger; when 
released it is forced out again by a spring and 
breaks the circuit. 

Putlog One of the bearers or horizontal 

members that carry the boards of a scaffold. 
Of, Lbdgibbs. 


Putrefaetion iu Meat (Foodi), This is caused by 
the presence of putrefactive bacteria, the ferments 
generated by which give rise to poisonous substances 
unaffected by cooking. See P'oous. 

Putreseine (Oiem,) (Tetramethylenediamine), 
CU,..CH2.NH, 

CH, . CH, . 

A colourless liquid with peculiar smell. Boils at 
158° to 160° ; soluble in water ; difficultly volatile? in 
steam ; strong alkali, absorbing carbon dioxide from 
the air forming the carbonate, and uniting with acids 
to form salts which are all crystalline. It gives 
precipitate's with all the alkaloid reagents and 

forms a characteristic urea by direct union with 
phenylisocyanate in dry ether. With benzoyl chloride 
and caustic soda (Baumann-Schoiten reaction, q.v.) 
it yields a dibenzoyl coinfiound— 


' '^NHCOC.Hj 

wbich melts at 175°, and is insoluble in water or 
ether. I*utrcscine is not very poisonous. It is one 
of the ptomaines and occurs in putrefying 

flesh of men and animals, also in pure cultures of the 
cliolcra bacillus and occasionally in urine. It can 
Ik? obtained synthetically by reduction of ethylene 
f'yanide in alcoholic solution by means of sodium : 




CH, CH,Br 

I I 

CH, Br CH,Br KCN 
Ethyleno. Btbytene bromide. 


CHXN 

I -> 

cn,cN n 


CH,.CH,.Nn, 
Cllj.CH, NH, 


When pyrrole (q,v.) is acted on by hydroxy lamine it 
yields the oxime of succinic aldehyde, which on re- 
duction gives putreseine ; 


HjfC - ClI : Non HjC - CH, , NH, 

n,^-cn:NOH n h,c-ch,.nh, 


For a probable explanation of its origin by putre- 
faction, »ee Ptomaines. 


Putty (2>d<5.) Painters’ putty is used for stopping 
or bringing to a level surface nail holes, abrasions, 
and other defects in wood or iron work prior to paint- 
ing or repainting. It is made by mixing whiting with 
3 raw linseed oil. The whiting must be free from grit, 
quite fine, and dry, and the oil should be pure linseed 
oil only. The admixture is effected in a pug mill or 
in an ingenious mixer, which is largely employed also 
by bakers for mixing dough. Sometimes linseed oil 
foots (y.«.) arc used, and for putty that is exported 
to hot countries it is usual to add a little cotton seed 


oil to retard the drying. Putty is also largely used 
for glazing windows ; but for this purpose an addition 
of one-tenth part of white lead to the whiting in- 
creases the durability of the putty, and is almost 
a necessity when glazing in exposed positions— 
such, for instance, as the roof of a greenhouse or 
conservatory. 

Putty {Build.) Plasterers' putty is thin mortar, i.s, 
mortar with a considerable quantity of water added. 

Putty Joint (Plumb.) A joint made with red 
and white lead covered with a piece of rag and 
bound with string. 

Putty Powder ( Olaec Manvfac,) Stannic Oxide. 
See Tin Compounds. 

Puy (Geol.) A provincial term in use in the 
Auvergne district (and elsewhere) for the isolated 
volcanic cones which form so cons]>icuous a feature 
in the scenery of that part. The use of the term 
has now been extended st» as to apply to the local 
accnrnulationK arising from any small volcano, in 
contradistinction to the more widely extended vol- 
canic products which come from great volcanic 
aggregates like those of Hawaii, Iceland, and others. 

Pycnostyle (Architect.) The name given to the 
spacing of the columns in a Grecian temple when the 
space between the columns is equal to one and a half 
times the lower diameter of the shaft. See Bystyle, 
Busty LE, Abasostylb, Hiastylb, and Inteu- 

COLUMNIATION, 

Pylon (Architect.) A structure of the shape of an 
oblong truncated pyramid placed on each side of the 
entrance to an Egyptian temple. 

Pynkometer (Phys.) A veB.sel which is filled up 
to a definite mark with any given liquid in order to 
compare the specific gravity (q.v.) of one liquid with 
that of another. The commonest form is a small 
flask provided with a stopper pierced by a small hole; 
tlie flask is nearly filled with the liquid, and the 
stopper is inserted, when the superfluous liquid rises 
through the hole and can be removed by wiping the 
flask. The whole is now weighed, and the operation 
repeatetl with a different liquid. Deducting the 
w^eight of the empty flask, -we obtain the weights of 
two equal volumes of the different liquids. This 
form is usually termed a Specific Gbavity Flask, 

Pyramid* A solid whose sides arc triangles having 
a common vertex, and whose bases form the sides of 
a polygon, termed the Babe of the pyramid. 

(Arohceol, etc.) A structure, generally 

of stone, with a square base and triangular sides, 
the latter meeting in an apex. The most notable 
examples are the ijyramids of Egypt, especially those 
at Gizeh. The Great I^yramid over the tomb of 
Cheops stood on a l>aso 756 feet square, and rose to 
a height of 481 feet. 

(Min.) A closed crystalline form, whose 

faces cut three axes; the faces are in two symmetri- 
cal groups, one group on either side of a plane or 
base whose outline is determined by the crystalline 
system to which the pyramid belongs. 

Pypapgypite (Min.) One of the Red Silver Ores or 
Ruby Silvers. See Tboustite, Sulpbantimonite of 
silver, SAg^S.SbjSj. Silver - 69*8, sulphur = 17*7, 
antimony » 22*5 per cent. Bbombohedi-al and hemi- 
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morphic. It i« rich dark red by transmitted light ; 
by reflected light almost black, with a submetallic 
lustre. Chiefly from the Harz Mountain mines. 


Pyrazine {Chem,') 
N 


N 


^HC 

^ ' 1 

" I CH a 

HC 


CH 

j 


1' 

or 

i 


7 iic“ 


UCH/S 

HC 

1 

CH 


and acetone undergo condensation with sodium or 
sodium ethoxide : 


N N 

A solid crystallising in colourless prisms. Melts at 
52*^; boils at 118®; sublimes at the ordinary tem- 
perature ; smells like heliotrope ; its vapour burns 
with a reddish flame. It is a weak base ; it combines 
with many salts to form double compounds, e.g. 
C^H^NjHgClj. It is formed by distilling pijicrazine, 
which is hexahydropyrazinc, with zinc dust ; also by 
heating pyrazinc carboxylic acids which lose carbon 
dioxide and yield jiyrazine ; also bj’ heating amino- 
acctaldehydc wdth a solution of mercuric chloride. 
Methyl pyrazines are probably among the products 
obtained when dextrose is heated with a stdution of 
ammonia under pressure. The a, 7 -dimethylpyrazine 
is formed when glycerine is distilled with ammonium 
salts (mixture of chloride and phosphate), and it 
occurs in some fusil f>ils. The methyl pyrazines are 
oxidised to carboxylic acids by potassium perman- 
ganate. 

Pyrarole and its Dorivatives iChem , ) Ptbazole, 


CH, 

c// 


+ C,H 40 Na= 


CH, 

I /ONa ^ 

KtoS 


CH 

i <roc^lj 

CH, +20,Hj0H 

, .ONa 

C~ -OH . CO . CHi 

Sodium Suit of Acetyl Aoalone. 

The acetyl acetone, on treating with hydrazine sulphate 
and caustic potash, gives ; 


CH,.OOn II,Nr 


CH 

1 

OTU.CO 


IL.N 


Nil 

HC^ 


+ 211,0 


-N 


C1I,.C' 

: a - diiiiethylpyrasolo. 

The H ; C-dimethylpymzole, on oxidation with potas- 
sium permanganate, gives the corresponding dicar- 
boxy lie acid, which goes smoothly into pyrazole on 
heating. I*yrazole derivatives are nam^ by men- 
tioning the substituting group and its position in the 
numbered ring. Also the following names must be 
noticed : Dihydropyrazole is called pyrazoline, and 
tetrahydropyrazole is called pyrazolidino. 

IlN- - X IIN Nil 


IlN N 


CH 

A colourless solid crystallising in long needles ; melts 
at 7Cr; boils at 185®; soluble in water, alcohol, ether. 
In its chemical beliaviour it resembles both pyridine 
and l;>enzene, the former in combining with metallic 
chlorides such as mercuric chloride, and, in the 
property of its hydrochloiide, combining with platinic 
cbloride, and also in the fact that the 1 -alkyl pyra- 
zoles smell like pyridine, and both pyrazole and 
pyridine are weak base-s. It resembles l)enzenc in 
the stability of the ring towards oxidising and re- 
ducing agents ; with strong .sulphuric acid it forms 
a sulphonic acid; with strong nitric acid it forms 
a nitro-compound (NO, at 4°), which can be reduced 
to an amido-comjK>und, and the latter undergoe.s 
the diazo-reaction, etc. Pyrazole licliaves as a 
secondary base. With ammoniacal silver nitrate it 
gives a white precipitate of silver pyrazole, the 
silver displacing the hydrogen at the nitrogen atom ; 
with acid chlorides the same hydrogen is replaced 
by the acid radical. J*yrazole can be obtained : ( 1 ) 
By direct union of acetylene and fliazomethane ; 

HN N 


H.crv ' cn H..c\xcH, 

‘ (’ll., ‘ CH. ‘ 

Pynizulitio 11. P. 144^ PyrazoUdinrt (nut obtained). 
When two hydrogens attached to the same carbon 
atom are replaced by an oxygen atom, thus giving a 
ketone grouj), the termination *‘-ine" i.s changed to 
“•one.” Examples below. PYRAZOLE 11 OMOJLOOUES 
arc obtained in various ways: ( 1 ) Jly action of ar. 
alkyl ioiUtle 011 the silver compound of pyrazole. 
( 2 ) By the second reaction for the preparation of 
pyrazole given above, which is a general reaction ; 
c.g. instead of using hydrazine, substituted hydra- 
zines can be employed. (:{) By trans^iosition of the 
niethyi iodide compound of other pyrazoles. The 
following homologuos are imiiortant : 1 -phenyl- 
pyrazolc ; a lirjuid boiling at 216® is formed from 
epichlorhydrin and phcnylhydrazine, or from acro- 
lein and ]}hcnylbydrazine, when a phcnylpyrazoline 
is first formed, which easily loses hydrogen and 
gives l-phcnylpyrazole. 

H N 

CH., : CH . CHO + H,N , NHCeH^* | 

n,C\/CH 

OH, 

l-phenylpyrazolins. 


CH N=N 

' i + \/ 

<H CH, HC"^^CH 
CH 

{2) By The following, which is a particular case of a 
general reaction which i.s jiatepted by Knorr from ) 
the acetyl acetone stage onwards. Ethyl acetate < 


1 -phenylpyrazole combines with methyl iodide, and 
the compound so formed when heated yields 1 -pbenyl- 
4-raethylpyrazole, the methyl group leaving the nitro- 
gen and wandering to position 4. Two isomeric 
phenylmethylpyrazoles, viz, 1 -phenyl -d-methyl and 
l-phenyl-5-methyl, arc obtained by the condensation 
of oxy methylene acetone (CH,COCH : CHOH, by con- 
densation of ethyl formate and acetone by sodium 
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etihoxide) and phen^ liydrazine. On oxidation, both 
i(H)mer 8 yield the same compound, namely 3 -methyI- 
pyrazole. The same methylpyrazole is obtained 
by condensation of oxymethylcne acetone and hydra- 
zine. Hence it apjfean i?iat the j/ositions 3 a7id 5 in 
the ^yrazole ring are equivalent. It is concluded that 
the imide hydrogen is labile, and belongs equally to 
the two nitrogen atoms ; to express this the formula 
^or i^azole is often written 

H 

N- -N 


HC' CU 


CII 

1-Phbnyl-3-Methyl-6.Pyrazolone. This is the 
compound formed by the action of phenylhydrazine 
on ethylacetoa'cctate {q.v.) and treatment of the pro- 
duct with caustic x>otash ; it melts at 127°, and is 
prepared on a lerga scale for the manufacture of 
antipyrinc. Altliough it is known in one form only, 
it reacts as if it could assume three different, formulae 
(double taiitomcrism) ; 

N N N NH 


Pyridine (€fh m.) 



.HC 


/OV 


HC 


CH 


iCH 


ICH 


NJ 


A colourless liquid ; characteristic unpleasant smell ; 
poisonous; boils at 115°; soluble in water, alcohol, 
etc. ; it is a base forming salts with acids, e.q. 
O 5 H 5 N . HCl ; this hydrochloride unites directly with 
platinic cliloride, forming (CjHjNHOO^tCl^, which 
on prolonged boiling with water forms the yellow 

insoluble compound |rt(C 5 HjN) 2 Cl 2 ; it also 

unites with mercuric chloride to form double salts, 
such as t 5 ri 5 NHC 12 HgOl 2 . It is a tertiary base, 
uniting directly with alkyl iodides. See below. 
With metallic sodium at 80° it forms 7 , 7 -dipyridyl 


CH, 
1 . ' 


OCX^C.CHj 

CH 

II. 


N 


CH CII (’H CH 

Qc.oQ. 

<11 CH Cll CH 


N''. 


H 

HO.CXXC.CHv- 

CH 

III. 

Examples : According to i. (methylene form), when 
it is oxidised i>y ferric chloride to pyrazole blue, the 
pyrazole analogue of indigo : 


N- 

O.GH 3 

CII,.C 


N_ „ 

C * c. 

N 

C.H, 

CO 

00 



According to 11 . (imiuc form), in antipyrinc 
which is l-phenyl-2: 3-dimethyl-5-pyrazolone. Accord- 
ing to 11 1 , (phenol form), in picrolonic acid, which is 
l-paranitrophenyl-3-methyl-4-nitro-6-pyrazolone : 

C.H^NOa 
N N 


HOC\ /C.CH, 

C.NO, 

This acid is the picric acid of the pyrazole series, and 
is obtained by nitration of l-phenyl-H-raethylpyrazo- 
line ; like picric acid, it forms numerous sparingly 
soluble salts with bases, and lately has been used as 
a reagent in the isolation and characterisation of 


and other products. With sodium and alcohol it 
yields pijjeridinc {q^v.) Heated with hydriodic acid 
at 300°, it yields normal pentane and ammonia : 


CH CH 

CH CH 


/Cn.-CH, 

lOHr^ILC^ ‘ +NII3. 

^,CH,-CH3 


The pyridine ring is very stable, and pyridine is not 
attacked by boiling concentrated nitric acid nor by 
chromic acid; ordinary concentrated sulphuric acid 
does not attack it, but fuming sulphuric acid forms 
/3-pyridinc sulpbonic acid. Pyridine does not readily 
give halogen substitution products with the halogens 
directly : these are obtained by indirect means, e.q. 
by beating pyridine with phosphorus peiitachloride, 
which yields aa' dichlorpyridine. Pyridine and its 
homologues occur in coal tar, in bone oil, and in 
sliale oil. Pyridine has also been found in tobacco 
smoke and in the smoke laden air of towns. It is 
obtained from coal tiir. To extract it the tar is dis- 
tilled, and that fraction which comes over between 
60° and 150' is shaken with strong sulphuric acid ; 
the sulphuric acid extract is then heated to boiling 
to expel neutral .substances, and, after cooling, caustic 
soda is added. The basic oil which separates is 
purified by fractional distillation ; in this way an 
impure pyridine is obtained which may be purified 
by adding mercuric chloride to its solution in hydro- 
chloric acid, cT}'stallising the double salt, and dis- 
tilling it with caustic soda. Pyridine is largely used 
as a solvent ; during the last few years it has been 
very largely used, especially abroad, for mixing with 
alcohol to render it undrinkable. Interesting labor- 
atory methods of obtaining pyridine are: (1) By 
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heating pyridine carboxyHc acids with soda lime, just 
as benicne is obtained from benzene carboxylic acids. 
(2) By heating the potassium compound of pyrrole 
with methylene iodide : 

CH 


nc=cn 


HCr'^CH 

+ Ki+Hr. 

HCk.^CH 

N 


Similarly, /9-cblorpyridme is obtained if chloroform 
be used in place of methylene iodide. (3) By heating 
piperidine (^.r.) with concentrated sulphuric acid. 
Pyridine derivatives are named by numbering the 
carbon atoms of the ring or by denoting the carbon 
atoms by a lc»ttcr : 


CH 

-oV 

HC :h 

As the carbon atoms 1 and 5 are similarly situated, 
in lettering the ring these positions arc indicated by 
the same letter, and when both i[)Ositious are occupied 
one letter is distinguished by a dash ; similar remarks 
apply to the positions 2 and 4. It is useful to rc> 
member that the positions a and 7 are similar to the 
ortho- and para-|K)sitions in benzene, while the /3 
position is similar to the meta-position in benzene. 
Homologit£S of Pybidine : The monomethjl 
pyridines are called PicoLiNES,and are distinguished 
as a-picoline, ^-picoline, 7 -pieoline ; the dimethyl 
pyridines are called Lutidines ; the trimethyl pyri- 
dines are called Collidines. A \ery important 
pyridine synthesis, and one by means of which a 
number of these howiologues may be obtained, con- 
sists in heating together ethyl acetoacetate (52 grs.) 
and aldebyde-ammonui (15 grs.) : 




H 

cn, . c . onn^ . ho . c . cn. 

II il 

HjCjOOC . CH O HC . COOC\Hj 


CH, 

H 

CH,. c/^\c.CH, 

a n +3H,o. 

HjC,000 .0 C . COOC^s 

CH 

CH 3 

The ethyl dihydrocollidinedicarboxylate so formed 
readily loses two atoms of hydrogen on reduction by 
nitrous acid, and on treating the product with caustic 


potash it is hydrolysed, yielding collidine dicarboxylio 
acid. This acid, on heating with soda lime, yields 
collidine (aaVtrimethylpyiidine). 






a 


I The synthesis can bo varied by using other aldehyde 
I ammonias, and in place one molecule of ethyl 
I acetoacetate, other kctonic acids or 1 : 3-diketones, 
j Pyridine liomologues are al&o obtained by heating 
j alkyl iodide compounds of pyridine, when the alkyl 
I group leaves the nitrogen and wanders into the 
; nucleus, the 7 -position being occupieil first, then the 
! a-position. The /5-position is never occupied in this 
! kind of transposition (similarity to benzene ring). 
! All homologues of pyridine on oxidation yield 
; pyridine carboxylic acids. I'YBIDINE Carboxtlic 
I Acids : Some of these are important as products 
obtained by lircaking down several alkaloids; r.y. 
Nicotinic" Acid from nicotine is 2 -pyrirline car- 
boxylic acid. ('IKCHOMEBONIG Aoid from cinchonine 
is 2 ; 3-pyridinc carboxylic acid. Quinolinic acid, 
obtained by oxidation of quinoline, is the 1 : 2 -pyri- 
dinecarboxylic acid. HydboxypyridjnbS ; The a- 
and 7 -bydroxypyridines have the property of behaving 
( like ketones, as well as like hydroxy-compounds. 
On this account they arc also callod Pybidxnes. 
Examples : If the ethyl ester of acetone dicarboxylio 
acid (from citric acid by the action of strong sul- 
phuric acid) be heated wHh ammonia, it forms 'Hie 
ethyl ester of /5-oxyaminoglutaminic acid, whidi, 
when treated with an alkali, forms fi-iminogtiitar- 
imide, and this with coneentrated hydrochloric acid 
yields trioxypyridino (1 : 3 : 6 ) or a, o', 7 -pyridlDe. 


H,N.OC.CH,\p /OH 
Hj.C,OOC . CH/ \NH," 


/B-lniidoglutariiitide. 


Ethyl ^-ozyszoiiM^lutuiuiiiata. 

<^:cS:> CO ->N<C0H^-C^C0H. 

QT. Phloboolucin. 
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PyrimidineB iChem.^ 


PVRIMIDINK. 


A white solid; melts 


at 2(f to 22°; boils at 124°; has penetrating and 
narcotic smell ; soluble in water, giving a neutral 
solution ; yields crystalline, sparingly soluble double 
salts with mercuric and gold chlorides. It is obtained 
from methyl uracil Kthyl Acetoacetatk) by 
heating it with phosjjhorus oxychloride, reducing the 
methyhliclilorpyrimidine so obtained with zinc dust 
and water, oxidising the resultiug methylpyrimidine 
with dilute potassium permanganate solution to the 
corresponding acid, and distilling the acid. 

II N CO N .^ CCl 


(JH 

1 

K 

1 

CU 

1 

N ■ . 

Cil 

V 0 

1 

lie 

1 

-> 1 

jiT 

ii 

i 

I 

ii 

Ij 

d\CIT, 

N — 

~e . (T)Oii 

.<• 

CTI 


heating cr cooling, and are said to be PtBOBLKCf Rlt\. 
Among the former are Tourmaline, Calamine, and* 
Boracite {g.v .) ; and among the latter Cane Sugar and 
Sulphate of Quinine. The phenomena may be illua- 
trate<l by the case of Tourmaline ; while this is being' 
heated, one end becomes positively electriiied, the 
other end negatively; on cooling, the charges are 
reversed. The results are not only shown by a 
CKjmplcte crystal, but also by a broken piece, 

Pyrogallic Acid (Chem.) A common name for 

I^YBOGALLOL 


4-njctliyl-2 : G-tlii!hlori>yrinuaine. 


4>nioth>' 1 py riinidi no. 

Tliere are tlirce jjyriniidirie derivatives of great 
impoitance iu the chemistry of the piotoiiis. They 
are; CiiACit nr 2 : ()-diuxyp,> riniidiuc ; Thymin or 
T).niethyl-2 : (»-dinxypyrimidine ; Cyto« 1N nr (J-amino- 
2-oxypyrimidiiic. Those are all erystalline solhls 
obtained by deenrn posit ion of nucleic acids. Uracil 
was first obtained from yeast, tliyuiin from the 
thymus gland, and cytosin from tlic same source. 
J’yrimidines are also obtained wlicre nitriles arc 
cjinsed to polymerise under tlm influence of metallic 
sjjdiiiiii or scKliuTii ethoxidc. 'J'bus frnui acetonitrile 
is obtained 4-ainino-2 : C-dimetbylpyrimidine — 

K- -=C.CTU 


3CH,CN • 


Pyrites {Min.) See Iiiox Pyrites, 

Pyrites Burners iChem.') Furnaces used for 
buruiag iron pyrites (FeS,) in air with the object t»f 
procluamg sulphur dioxi<le for use in the miuiuiacture 
of sulphuric acid. See SULPHirit Compoundh. 

Pycocatechin {C?tem.) iStec Catechol. 

’ — (JP/K»ro.) This substance, sometimes called 

Catechol, is the .same in compo.sitinn as Hydro- 
quinone, having the formulae Cgll.(OII)g, It is very 
Boluldein water, and used as a developer produces 
negatives of excellent cpiality. It has the advantage 
of being uninfluenced by temperature and of keeping 
well in solution. 

Pyroclastic Rocks ^GeoL^ See Clastic Hocks, 

Pyroelectricity. Certain minerals, and some 
other crystalline substances, become electrified on 


c.on 

. OH 


Pyrogallol (Chem.) 


(Pyrogallic Acid or I : 2 : S-Trihydroxtbekzekr). 
A white solid crystallising in white shining leaves or 
needles ; melts at 132'^ ; soluble in water ; less soluble 
in alcohol and ether ; its solution in water gives a 
blue colour with ferrous sulphate, containing some 
ferric salt, and a re;d colour with ferric chloride. Its 
alkaline solution reduces gold, silver, and mercury 
.‘solutions tc) tht* metal, the pyrogallol being oxidised 
to acetic and oxalic aci Is ; it also reduces copper 
sulphate to cuprous oxide. The alkaline solution 
rapidly absorbs oxygen from the air. turning brown, 
then black, and being oxidised as above. On these 
actions of pyrogallol is based its application as a 
developer in photography and as a solvent for oxygon 
in gas analysis. If baryta water is used as the alkali, 
the oxidation doo.s not proceed .^o far, and it is 
possib’c li. isolate 3 : 4 : 5 : 3' : 4' : S'-hexabydroxy- 

diplumvl — 

TTO on 


■O' 


When pyrogjillol is oxidised by an acid solution of 
potassium ])ermanganate, or, better still, by electro- 
lysis of a solution in sodium sulphate, using a rotating 
platinum anode, a dye called purpurogallin is formed 
— constitution not settled, but probably it is a 
ria]ihthalpne derivative. With bromine, pyrogallol 
yield.s t.ribromp.vn)gallol. Pyrogallol is obtained by 
h(*ating gallic acid (^/.r.), alone or with water, at 
2 in'. Tt is also formed, usually with other products, 
when numerous phenol derivatives are fused with 
caustic potash. 

{Photo,') This substance, sometimes called 

Pyrogallic Acid, is a benzene derivative, having 
the formula C6Hg(OH),. It is a colourless crystal- 
line substance, very soluble in w’ater, and iu con- 
junction wdtli an alkali was for a long time the 
principal developer employed for use wdth gelatine 
dry plates. 

Pyroligneous Acid (^(Item.) When wood is sub- 
mitted to dry distillation in iron retorts a distillate 
is obtainoil which sep-nrates into two parts just as 
the liquid distillate from coal doe.s. The aqueous 
distillate from wood is called pyro]igneou.s acid. It 
is the chief source of acetone, mothj’l alcohol, and 
acetic acud. When this acid liquid is neutralised 
with milk of lime and distilled, a crude calcium 
acetate remain.s behind in solution. The solution 
is evaporated, and the residue carefully heated to 
expel volatile organic matter ; then the residue is 
distilled with hydrochloric acid, and gives a crude 
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acetic acid of about 50 per cent., which is used for 
znanj technical purp<^8. To obtain elacial acetic 
acid from the crude acid, it is neutralised with sodium 
carbonate, evaporated to dryness, fused, and distilled 
with strong sulphuric acid. The distillate is glacial 
acetic acid. See also Methyl Alcohol and Wood 
8 P 1 BIT. 

Pyrolmlte {Mia.) Manganese dioxide, MnO,. 
Manganese = 63, oxygen — 37 per cent. Ortho- 
rhombic, but usually pseudomorphous after other 
manganese ores. Colour, iron black. It is of import- 
ance ill the making of bleaching agents. From 
Cornwall and many other localities in England; 
from Thuringia, Moravia, etc. 

Pyrometer. Any instrument fur measuring tem- 
peratures above the range of ordinary thermometers. 
See Measurement of Temperature. 

Pyromorphite {Min.) A phosphate and chloride 
of lead, 3Pb,l\Og . PbCl.^ It contains 60 to 80 
per cent, of lead phosphate and 8 to 10 per cent, 
of lead cldoride. Hexagonal; in short prisms in 
various shades of green, yellow, and brown. It is a 
valuable ore when occurring in quantity. From the 
Cornish mines, Caldbcck Fell mines in Cuml^ierland, 
Lcadhills in Scotland, and many places abroad. 

Pyronei iCitan.) a-l*YRONB— 

.CH CO 

HC^2 ^ O {also called CovyiXLi^), 

Cn= "CH 

A liquid ; melts at o'* ; boils with slight decomposition 
at 206® to 209®, but without decomposition at low 
pressure.^); soluble in water ; soluble in alkalis form- 
ing salts of the acid, CHO . . CH : CH . COOH ; 

smells like coumarin. It is prepared by distilling 
the mercurous salt of coiimalic acid in a current of 
steam, and extracting the distillate with ether. 
Derivatives : CoUMALic Acid (a-pyrone-3-carboxyUc 
acid) — 

CH CO 

HCc ' > O 

' C- — CH 
COOH 


Is obtained when ethyl acetoacetate is heated alone 
or by the action of pyridine on acetyl chloride. 
7 -Pyronb— 



Forms small white crystals, which melt at 32® and 
boil at 210® to 215®; very soluble in water ; reduces 
Fehling’s solution ; gives the iodoform reaction. 
When evaporated with ammonia it gives y-hydroxy- 
pyridine— 

CH CH 

HO . C<^ > N. 

CH CH 

It is obtained by heating chelidonic or comenlc acids. 
Derivati\ os of y-pyrone arc named by lettering the 
carbon atoms as shown above, or by numbering all 
I the atoms which form the ring, starting with the 
oxygen atom as 1 . Mcconic acid, comenic acid, and 
pyromcconic acid are 7 -pyrone derivatives. See 
Meconic Acid. Chelidonic acid is y-pyrone-aa'- 
dicarboxvlic acid — 

coon 

CH— C 

oc/ >0 

\ ci^----c 

i’OOH 

It cry.stallises in small needles, which contain one 
molecule of water, which is lost at 150®; nkelts at 
220 ‘', waimcd with alkalis it yields the yellow 
coloured Sfdis of xanthocholidonic acid (acetone- 
dioxalic acid) ; on roduotion with hydriodlc acid it 
yiol'is hydrochelidonic acid rir.«<t, than normal pimelio 
o.cid — 

CIl2.CIT.,.COOH 

Il,c( 

VHj.OHj.COOH 


Is obtained by heating malic acid with concentrated | 
sulphuric acid or zinc chloride. Its alkaline salts ; 
are }ellow. Ammonia converts it (in the cold) to 
oxynicotinic acid — 

CII C . OH 

Hc/ >.N 

C CH 

COOH 

With hydrazine it forms pyrazolone— 

HN N 

OC'X^'CH 

CH, 

DehydracetiC Acid (l-aceto-s-methyl-a-y-pyro- 
none) — 

COCH, 

CH CO 

>0 

C— CH I 

CH. . i 


Witli ammonia ityiehhsy-oxy-ao'-pyridine dicarboxylic 
acid. Boiled with milk of lime it gives acetone and 
calcium oivulate. Tiie acid occurs in celandine along 
with malic acid. It has been obtained artlticially by 
condensation u£ ethyl oxalate and acetone by means 
of sodium ethoxidc — 




I /II 
hc<h 


c,n,o-^o.cooc,.H 

NaO / 

NaO V 


C..IT 3 O AC.C00G,n 


/CH_— ^C-COOC/Ij 
OC\ 

\ O.Vii 

“C . C00C,Ha 


The product on acidifying yields xanthoohelidonic 
ester, which, on heating, loses water and forms the 
chelidonic ester. Benzene Derivatives: Coumarin 
7 ^.) is a benzo-o-pyrone. The Flavones (q.v.) are 
derivatives of 7 -benzopyroQe. The Xanthones {q^v.) 
are dibeuzopyrones. 
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PyvoBlnas Ptbonxne 

>0 

\C6H,:N(CH3),.C1 

forms shining gpreen crystals soluble in water and 
alcohol with a red colour showing yellow fluorescence. 
It is used as a dye for cotton (mordanted with tannic 
acid), vrool, and silk; the shade is bluish red. It 
is obtained from dimethylmeta-amidophenol (from 
dimethyl aniline and fuming sulphuric acid, giving 
the metasulphonic acid, and fusion of the latter 
with caustic soda) by condensation with formsAde- 
hyde, yielding dihydroxytetramethyldiamidodiphenyl 
methane, which loses water with strong sulphuric 
acid, forming the leuco compound, and this on 
oxidation yields the dye. Pybonine B is the ethyl 
derivative. 


Pyrope (Afin.) Magnesium aluminium garnet. 
iSee Gabket. A garnet of deep crimson colour, 
usually occurring in angular fragments. It is used 
as a precious stone, and is often cut en eabockon. 
Ihe chief localities are Ceylon and Bohemia. 


CH, 


Pyrotartaric Acid (Chem.), CII.COOH (methyl 


CH COOH 

succinic acid). White solid crystallising in groups 
of small prisms. Melts at 112®*5 soluble in water, 
alcohol, and ether. Quickly heated to over 200'\ it 
yields aii anhydride ; but on keeping it just over 
it gives butyric acid and carbon dioxide. It. 
contains an asymmetric carbon atom, and can be 
resohed into its components by strychnine, the 
dextro form separating first on crystallisirtion. It 
is prepared by licating tartaric acid till fumes are 
evolved, then mixing with its own weight of ix)wdered 
pumicestone and distilling (nine h(*ars) ; the dis- 
tillate is extracted with water, separated from oil, 
evaporated and crystallised from dilute nitric acid. 
It can be prepared by heating pyruvic acid ; also 
synthetically frc»m the ethyl ester of /3-bnira butyric 
acid by heating with pK)tassium cyanide and hydro- 
lysing the nitrile so formed; 

’ CH 3 CH, CH, 

CIlBr CH.CN (4r.C00H 

CIljCOOIIjII, CH^COOHoHj CiljCOOH. 

Pyrotritario Acid (Chem.) 

coon 

C^ ^C.CH, 

>0 

HC-===^C.CIT, 


(Uvic acid : aa'-dimethyIfurfurane-/3-carboxylic acid). 
A white crystalline solid (needles). Melts at IBS” ; 
slightly soluble in cold water, more soluble in hot 
water, very soluble in alcohol and in ether. Heated 
alone it gives aa'-dimethylfurfurane ; heated with 
water at 160 to 160^ it forms acetonyl acetone. See 
Diketones. It occurs among the products of the 
dry distillation of tartaric acid ; it in also formed 
when pyruvic acid (q.v.) is heated with anhydrous 
sodium acetate ana acetic anhydride at 140*’. 
Synthetically it can be made by the action of mono- 
chloraoetone (from acetone by the action of chlorine 
in presence of calcium car&>natc) on the sodium 
compound of ethyl acetoacetate, forming ethyl 


acetonylacetoacetate, which is then treated with 
concentrated hydrochloric acid to take away the 
elements of water: 

CH,.CO CO.CH, 

dfiNa ^ Ch|c1 
600c, Hj 


OH,. CO CO.CH, 

I I 

CH CH. 

COOC,H, 

Ethyl aeetonylacetoacotate. 

CH,.C.OH HO.C.CHj 


+ NaCl 


- H,0 - 


C- 


-CH 


COOC^Hj 

Ethyl acetonylaoetoacetate 
(Tautomeric form). 

O 


CH, . (J C . CH, 


C CH 

COOC^Hs 

Pyroxene {Min.) This term now inclndes as one 
species several rock constituents formerly regarded 
as different. They arc normal metasilicates, chiefly 
of calcium and iron or magnesium, and are mono* 
symmetric. 8(.>mc varieties contain aluminium, as 
does one of the best known members of the seiies, 
Augite. In colour the Pyroxenes usually range from 
light to dark green. 

Pyroxylin ( CJiem.) A mixture of cellulose nitrates, 
viz, the trinitrate, tetraiiitrate, and pentanitrate, 
C,*H,y(N 03 ),Oy, C,,H,e(NO,)A, It is 

made by immersing pure cellulose (purified cotton 
wool) in a mixture of sulphuric acid (five volumes 
sp. gr. 1-84) and nitric acid (four volumes sp. gr. 1’38) 
for about ten minutes at a temperature of to 70% 
then thoroughly washing the ijroduct. It is an 
amorphous whito solid, soluble in a mixture of 
alcohol and ether. This solution is called Collodion 
(q.r.) See also CELLULOID. 

Fypphotine (Mi/t.) Sulphide of iron, FeS. Irons 
60*5, sulphur = 39*5 per cent. Hexagonal, but usually 
massive ; in brownish masses, with an uneven fracture, 
metallic lustre and often bronzy tarnish. It is mag- 
netic, and hence is sometimes called Magnetic Pyrites. 
Sometime.s it contains enough nickel to constitute 
a source of nickel. Widely distributed, but usually 
in small quantities, and most commonly in connec- 
tion with metamorphic limestones. 

Pyrrole and some of its derivatives (6%cw.) 
l^YBBOLB : 


HC- 

‘ 14 


HU 


-CH 


3'! 

UH 


HC CH 


NH 


HC CH 
NH 


A colourless liquid; boils at 130”; sp. gr. at 12*5% 
0*976. Slightly soluble in water; very soluble in 
alcohol and in ether; insoluble in dilute alkalis. It 
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smells like chloroform ; turns brown on exposure to 
air ; its vapour turns a pine shaving dipped in hydro- 
chloric acid a red colour — ^many of its derivatives, 
those from 1 : 4-dlketones hromopyrrole, 

indole (q.v.), carbazole same. Pyrrole 

dissolves in dilate acids, and on warming the 
solution, or allowing it to stand, an amorphous red 
substance called pyrrole-red separates; strong acid 
resinises pyrrole; if the solution in fairly strong 
hydrochloric acid be neutralised with ammonia, 
filtered, and the filtrate extracted with ether, a poly- 
mer called tripyrrole is obtained — a white crystalline 
solid which gives indole vrheu heated at 300® : 

HO CH - HC Oil - HG Cll 


no Oil -IK’ CH-IIC Cll 

NH xn NTI 

HC---=CII C GTI TK’ CTI 

!i I * S 1 

IJC=^CH C CII KC CII 

Nil NIT 

Metallic potassium dissolves in pyrrole with evolu- 
tion of hydrogen, forming a white crystalline solid, 
j»otassium pynole, CJI^NK; the same substance is 
obtained by boiling pyrrole with solid caustic potash. 
Sodium acta far more more slowly. The potas.sium 
compound is important, because the j>otassium is j 
replaced by alkyl groups when warmed with alkyl | 
halogen compounds ; also because it yields pyridine | 
when heated with methylene ioditle, and /j-chlor- 
pyridine when heated with chloioform: 

IK’ Cll 

ij ;l -f Cll Cl, = 

lie CII 

\/ 

NK 

/CH, 

\ 

HC GCl 

i -f IICl + KCl 
HC CTI 

/ 

N 

Water decomposes potassium pyrrole into caustic 
potash and pyrrole. With hydroxy lamine pyrrole 
gives the oxime of succinic aldehyde. Many pyrrole 
deri vales behave in a similar way ; 

HC-.::_:.CH 

) > NH + 2Hj;S'On* ’ 

I1C==CH 

IT 

H.,C C:NOn 

( +nh, 

H..C C : NOII 

II 

When pyrrole is heated with ammonium carbonate 
solution at 130® to 140®, it yields pyrrole-o-carboxylic 


acid. When pyrrole is reduced by zinc dust and 
hydrochloric acid (the pyrrole is added ^dually 
with shaking, and the strength of the acid is gradu- 
ally increased), not over 25®, 1 *ybuoltnb is formed — 
a colourless liquid which boils at 90®, fumes in air, 
and is very hygroscopic ; 

HC Cll I1C==.CH 

II I' + 2U - 

lie CII 11., d CH, 

\/ 

Nil NH 

When reduced by bydriodic acid and phosphorus at 
210" 10 250®, pyrrole yields PYKBOblDlKli: ; 

ILC C’Hs 

1 '>Nn 

ll/ CJIj 

wliirh is a colourless litjuid, boiling at KT'', and 
closely' resembling pipericline in its properties; e.g. 
it .smells like it, and is a strong base, and it can 
be obtained by lieating the hydrochhtfido of tetra- 
inethyleno diainiuo (putrcscine). Pyrrole occurs in 
coal tar, in bone oil, and in shale oil; it is among 
the pro<liKts obtained by the dry' distillation of 
gelatine and of lueinatin. Its chief source is bone 
oil. The oil is distilled and shaken with dilute acid, 
to remove strongly basic substances, then fraction- 
ated. and the fraction 9s® to J 50® collected separaUdy ; 
this fraction is boiled with solution of caustic potash 
under a rolliix condensfT, to hydrolyse nitriles; it is 
again fractionated, collecting separately tlie 115® to 
130’ fraction; this fiaction is heated with solid 
caustic potash (powder) utidtT retlux c‘,nndrnser; 
].ola.‘-Muni jiyTrole is formed; jiltcr, j)rc.ss. di>.sol\e 
in water, and distil with steam; separate distillate; 
dry over Kilid (;au.slic soda: redi>tih Pyirolc can 
be obtained from the ammonium salt of mucic acid 
Oj.v} by di.stilling it alone, or, bettor, witli addition 
ol glycerine at 200''. It can be obtained fnuii succin- 
imitle hrloH')\ and by passing acetylene and 
ammonia through a redliot tube (^probable origin of 
]>yrrole in coal tar); by beating its carboxylic acids; 
and in other way.s. For its liomologue.s, see below, 
iJcrirative* : Pyrrole derivatives arc named by 
numbering or lettering the elements whicli form the 
ring, as show-n above, then imlirating the positum 
of the .sllh^tituting element or group by the proper 
number or letter, and naming the siib.^tituting group. 
Examples below. The following names are also 
eiu]>Joyed : 


IJ,C- 

— CH 

1; 

IIC--==C 

1 

H.,C 

|! 

till 

IIX’ on. 



.VIT 

NU 


A M-py rr oli nc. A jppy rrolin®. 

Slc Nomenclatukk. 

Derivatives of both pyirolines are known ; but only 
Aj-pyrroline has been prepared i^aee above). 


HX- 

1 

—CII, 

1 

CH- 

\ 



Nil 

Pyrrolidine. 
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When in the pyrrolines or in pyrrolidine a CH, group 
becomes a CO group, the new compound is called 
respectively a pyrrolone or ketopyrrolino, a pyrroli- 
done or ketopyrollidine. Examples below. Halogen 
derivativett: Tbtuachlorpybbole is an unstable 
solid; molts with decomposition at 110°. It is 
obtained by the' action of chlorine cn an alcoholic 
solution of pyrrole, or by the action of sodium hypo- 
chlorite on pyrrole. Acted on by potassium iodide 
it yields iodol. Tetbiodopybbolk {eee lopoL). 
Homologves of Pyrrole : General reactions for the 
preparation of these arc; (L) Action of ammonia 
on 7 -diketone 8 (»ee Bi ketones), or on their acid 
derivatives; in tlie latter case carboxylic acids arc 
formed, and these on heating with quicklime give 
the hydrocarbons. Example : The sodium ccjmpound 
of ethyl acetoacetate wlien treated with iodine 
yields diacetyl succinic acid Q»ee Biketones) ; this 
acid is the dicarboxylic acid corresponding to the 
1 : 4-diketone acetonyl acetone. With ammonia it 
yields (working with its c&tcr) 1 : 5-dinietbylpyrrole- 
3 ; 4-dicarboxylic acid ethyl ester : 


CH, . C==iV . COOC’ H, 

‘ I 

Oil 

OH 

I 

CH, . . COOCJ.H 4 


+ NH, - 


cH,.c^^c.cooc.,n‘ 

I + 2H,0 

CII^ . C=c . COOCaHs 


CH,.CO 

CH. 


I 

,Cl NaC 


CO.CH, 


m 

C 00 C 2 H 5 
CHj.C.OHC.OH.CH, 

+ NaCl 


II 

N 


HI C 

COOC.Hj 
Enol form. 


n 

N 

HH 


CHj.C.OII HOC.CH 3 CH,C CCH, 


IIC- 


liC 


+ 2Hs,0 


-C 

COOCMI., 


Other 7 -ketonic acid esters and other monochlor- 
ketoues can be used in this synthesis; also the 
ammonia can be replaced by an amine. A deri- 
vative of pyiTole-a-carboxylic acid called jfyrocollf 



CO, is obtained by the distillation 


of gelatine. PyrroUne dcrivatixe ; Bihydboni- 
COTYBINE {see Nicotine) is a pyrroline derivative. 
Pyrrolidine derivatives : Nicotine (q.v.) is 1-methyl- 
2.pyridyl pyrrolidine ; u-Pybbolidine Cabboxylic 


In this synthesis, if a primary amine is used instead 
of ammonia, tlio N-alk}! hornulogiies may be ob- 
tained. (2) N-alkyl pyrroles may bo obtained from 
potassium pyrrole by the action of alkvl iodides, 
alst) by reduction (distillation with zinc dust) of 
N-alkyl succinimides. These N-alkyl pyrroles on 
heating are transfoiined into 1 -alkyl pyrroles. 
Example : 

i > NK + CIU-KI-^- I > N.CIl, 

i-K 


}10=Cir 

I > 

HC=CI1 


llC--^-=^C . (’H3 
N.CII3— I >NI1 
IK’- — rii 

2-u>etliyl pytrolc. 


Although not strictly a homologuc, /3-pyridyl- 
a-pyrrole may be referred to here. Its prepaiution 
is given under Nicotine (y.r.) It consists of white 
needles, melting at ; very soluble in alcohol, ether, 
and benzene ; its solution fluore.sces blue. IIA2MO- 
PYKKOLE (see ILemoklobin) is an oil with chaiac- 
teristic snu-ll ; sparingly soluble in water ; turns red 
on exjx^sure to air. The colouring matter produced 
appeals to Ijc identical with CJkobilin. Car- 
boxylic Acids: These are obtained by fusing 
pyrrole Lumologues witli cau.stic potash ; by tho 
action of carbon dioxide upon potassium pyrrole; 
from pyrrole and its homologues by the action of 
alcoholic potash and carbon tetrachloride ; syntheti- 
cally in seveml ways. Example : When monoclilor- 
acetonc acts upon the sodium compound of ethyl 
ncctoacelatc and tlie product is treated with ammonia, 
the ethyl ester of 1 :5-dimethylpyrrole-4-carboxylic 
acid is obtained. 


II,t CH, 

Acid, jj j; |h COOH ^ decomposition 

' \/ 

NH 

product of proteids. It has been found among tl.e 
products uf proteid hy’drolysis by both hydrocliloric 
acid and caustic soda. It was first obt iiined from casei n 
(3-2 per cent.), and has sintJC been obtained from the 
most varied proteids. As it ccmlains an asymmetric 
carbon atom, it can exist in a dextro, Imvo^ and 
racemic form. The Itevo fuim has a rotation 
= —46 *53° in hydrochloric acid solution; a-pyrro- 
liditie carboxylic acid is a white crystalline solid 
which molts with foaming at 205°. It is soluble in 
w^atcr ; has a sweet taste ; decolorises alkaline, but 
not acid permanganate ; warmed with silver oxide it 
gives a mirror. It forms a characteristic copper salt 
which is sparingly soluble in cold water and easily 
soluble in warm water. The phenyl cyanalc com- 
pound is formed in alkaline solution, and melts 
about 170° with foaming; with difficulty soluble 
in water. Tho acid has been synthesised thus : 
trimethylene bromide (from allyl bromide and 
hydrogen bromide) and ethyl sodium malonate give 
ethyl bi*ompropylmalonate, which with bromine 
forms ethyl a 5-dibrompropylmalonate ; 


CH,Br. CU,.CH,CH(COOC,H^), ^ 
ll^C OH, 

H,([’BrBr<!l . (COOC,Hj), 

With ammonia the latter yields an amide which is 
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converted bj heating with hydrochloric acid into 
a-pjrrolidine carboxylic acid : 


H,C CH, 

H,CBrBrC(COOC^a), 


H,C — -CH, 




HCl 


\/ 

NH 


C(CO.NH^, 


H,C CH, 


H,C C.COOH 

\/ 

NH 


Fischer has proposed the name Pboline for this acid 
for shortness; He has combined it with alanine to 
form a “dipeptide” called Peoltlalaninb by 
acting on an alkaline solution of alanine with the 
chloride of a 5>dibromvaleric acid, and treating the 
product with ammonia : 

HX CHjBr 

I I + NHjC 

H,C CHBr.COCl 

H,C CHjBr + HCl 


-II 

. COOH 



/ CH, 

CHBr.CONHC<^-H 


\coon 


H,0 CH^r 

I + nh, 

H,C CHBr . CONII . C 


\ coon 


n,c — cHj 

j > NH pjj + 2HBr 

H,C CH . CO . NHC 11 ’ 

' COOH 


Prolylalanine is a white crystalline solid, soluble in 
water, and gives a white precipitate with pbospbo> 
tnngstic acid. 

CH. CHCCXIH 

Tropikic Acid, | ^N.CH, 

CH CHCHj.COOH 

(l-methyl-2-carboxypyrrolidine acetic acid) is a 
white oiystalline solid. As it contains two asym> 
metric carbon atoms, it should exist in several 
forms, only three of which are known — namely, an 
inactive form, a laevo and a dextro form. The 
inactive form has been resolved by cinchonine. 
Tropinic acid is obtained by the oxidation of both 
tropine and eegonine {see Ateopike and Cocaine) 
by means of chromic acid. The first product of oxida- 
tion in each case is tropinone, and this on further 
oxi<iation yields tropinic acid. The acid from 
tropine is inactive, that from eegonine is dextro* 
rotatory. The laevo acid was obtained by resolution 
of the inactive acid. The dextro acid melts at 253^ 
the inactive at 250^ and the laevo at 243®. The 
inactive acid is very soluble in water, and reduces 
ammoniacal silver on warming, forming a mirror. 
On oxidation with conoentrated ” chromic acid 


tropinic acid yields ecgoninic acid, then N-methyl 
snecinimide : 


H,C CHOOOH 

I >N.CH. 
n,C CH.CHjCOOH Hjb 

H,0 CO 

'>N.CH, 


H,C CO 

)>N.CH, 


CH.CH.COOH 

Bogoninio aci<l 


> 


II*C- 

N-methrl ■ucidniinide. 


-CO 


SucciNlMlDSS are 2 ; S-pyrrolidones (or 2 ; 5-diketo- 
pyrrolidines). Huccinimide itself crystallises in 

colourless plates with one molecule of water of 
crystallisation; melts (anhydrous) at 12G®; boils at 
228® ; soluble in water, the solution acting as an acid. 
Distilled with zinc dust it gives pyrrole. When 
reduced electrolytically, it gives 2-pyrrolidone. 

Its alcoholic solution, heated with sodium, gives 
pyrrolidine : 

H.,C CO HX CO 

I I ^nh”^ 

n.c — CO hx’ — CH, 

gucdniniide. ' 2 : ityrrolidone. 

HX CHj 

1 ^nh 

H,C CH, 

Pyrrolidine. 

On hydrolysis with an alkali it gives succinamic 
acid : 

HX CO HX CONHj 

I > NH + H,0 = I 
11,0 CO H,C COOH 

With bromine and an alkali it yields /I-aminopro- 
pionic acid. Phosphorus i)entaohloride converts it 
into dichlormaleicimidc chloride, 

CIC CO 

>NH 
CCl. 

and higher chlorinated pyrroles. Succinimide may 
be prepared by dissolving succinic acid in 25 per 
cent, ammonia, evaporating with constant stirring 
till the temperature rises to 200®, and distilling 
the product. On re-distillatiou a pure product is 
obtained. Homologues of succinimide can be 
obtained in an analogous way, e.ff. N-metbyl-succin- 
imide by boiling a solution of succinic anhydride 
with metbylamine ; 3-methyl 2 : 5-diketo-pyrrolidine 
(pyrotartaric acid imide), 

CH,CH CO 

I 

H,C CO 

hy heating its anhydride in a stream of ammonia. 


CIC 


PypES {Botany), A genus of Roi'ioeep^ including 
the apple {P, malus), pear {P, communu)^ quince 
{P. cydonia\ and medlar {P, germanioa). 

Pyruvic Acid {Chem,), CH,. CO. COOH (pyro- 
racemic acid). A colourless liquid. Melts at 3® ;^il8 
at 165° to 170®, with decomposition into carbon 
dioxide and pyrotartaric acid ; but at a pressure of 
12 mm. it distils unchanged at 61®. It smells like 
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acetic acid ; it is soluble in water, alcohol, and ether. 
On account of the ketone group it shows the re* 
actions of a ketone, e,g, it is reduced by zinc and 
dilute sulphuric acid to lactic acid, OH.CHOHGOOH. 
Phosphorus p|entachloiido converts it into a-dichlor- 
prc^ionic acid; with hydroxylamine it yields an 
oxime ; with sodium hydrogen sulphite it yields an 
additive compound ; with hydrocyanic acid it gives 
a nitrile ; with phenylhydrazine it yields a hydrazone 
which on being heated with hydrochloric acid gives 
a-indole carboxylic acid : 


CII, 

CrN.NH, 

6ooh 


C.H. 


yCH^ 

\nh/ 

COOH 


C,H, + NH,, 


Boiled with baryta water it yields pyrotartaric, pyro- 
tritaric, and uvitic acids (gee t7iese)» Pyruvic acid 
reduces aromoniacal silver nitrate, being oxidised to 
carbon dioxide and ncctic acid. Heated with dilute 
sulphuric acid at 160^, it gives carbon dioxide and 
aldehyde. The acid is prepared by distilling pre- 
viously fused tartaric acid and fractionating the 
product, or by distilling a mixture of tartaric acid 
and acid potassium sulphate. Synthetically it is 
formed by hydrolysing acetyl cyanide, CHjCOCN 
(from acetyl chloride and silver cyanide), with 
hydrochloric acid. 


Q. q, A symbol often used for Quantity, especially 
a Quantity of Electricity. 

QuAdFanfle (Arrhiteet,) A square or rectangular 
court surrounded by buildings. 

Quadrant. (1) The part of a circle bounded by 
two ra<lii at right angles to each other, and by the 
arc of the circumference lying between them ; one- 
fourth of the area of a circle. (2) An in.strament 
resembling the Sextant (q.v.) 

Quadrant Electrometer (Elect) See Electbo- 

METEIL 

Quadrant Plate (^Eng.) A plate hinged at the 
end of the l)cd of a screw cutting lathe, the axis on 
which it turns being the end of the leading screw. 
It carries the change wheels used in screw cutting. 

Quadrate {Tgpog.) Metal spaces or blocks of 
rectangular shape, used for spacing, and especially 
for filling up short lines. Quadrats stand lower than 
the face of the adjoining type, and are of various 
sizes. See under Type. 

Quadrature (^Aatron.) Two heavenly bodies are 
said to bo in qus^rature w'ben there is a difference of 
longitude of 90° between them. 

Quadripartite Vaulting (Architect.) A form of 
vaulting in which the vault over each rectangle is 
divided into four parts. It is formed by the inter- 
section of two barrel vaults, and is also known as a 
four part vault. See Gboined Vault and Sbx- 
PABTiTu Vault. 

Quadruple Expantlon {Eng.) The expansion of 
steam in four successive cylinders of an engine. It 
is doubtful if this method lias any great advantage 
over Tbiple Expansion (q.v,) 

Quadruplet (Cgcles). A form of bicycle propelled 
by four riders, seated one behind the other. 

Qnadruplex Telegraphy ( Elect.) The simultaneous 
use of a tmegraph dreuit for four messages, two in 
each direction. 


Quaigh (Areheeol.) A shallow wooden or metal 
drinking vessel generally with two handles, at one 
time common in Scotland. 

Quaker Blue (Dec.) A dull blue made by adding 
black to Prussian blue and lightening up by means of 
a little white. 

Quaker Drab (Dee.) A greenish grey shade 
obtained by mixing live parts of white with two parts 
each of medium chrome yellow and chrome green. 

Quaker Greens (Dee.) A series of somewhat 
sombre, greyish greens, having no definite composition 
or shade. The term is variously applied for trade 
purposes, generally in contradistinction to the bright 
greens such as Brunswick, chrome, emerald, etc. 
The following mixture gives a ty|>icsd Quaker green, 
one part each of medium chrome yellow, Venetian 
red and blue black, and three jjarts of ebromo yellow. 

QualitatlTe Aualytls (Chem.) The method of 
proceeding in order to ascertain the nature of an 
unknown element or compound, or of a mixture of 
these, (a) Inorganic : If the substance is a solution, 
a part is evaporated. The solid is heated to see if it 
changes colour (e.g. zinc compounds are yellow while 
hot), if it sublimes (arsenic, mercury, ammonia com- 
pounds), if it gives off a gas (many nitrates give 
off nitrogen peroxide, etc.) The solid is then heated 
on platinum wire, moistening with hydrochloric acid 
to form if possible a trace of chloride, the chloride 
being the most volatile salt of a metal; charac- 
teristic colours are imparted to the flame by sodium, 
potassium, aud some other metals. A borax bead is 
made on the platinum wire, a little of the solid 
added, and the bead fused in the outer flame ; cobalt 
gives a blue bead, manganese an amethyst coloured 
bearl, and so on. A portion of the solid may be 
mixed with sodfum carbonate and potassium cyanide, 
as this mixture when heated in the blowpipe (lame on 
a piece of charcoal reduces compounds of the easily 
reducible metals to the metallic state, e g. tin, lead, 
bismuth, etc. ; then the metal itself can be examined. 
The action of acid is tried, e.g. both dilute and con- 
centrated sulphuric acid, first in the cold, then on 
warming. Many salts, oxides, and metals give off 
gases which can be readily recognised, e.g. a chloride 
gives off hydrogen chloride, a carbonate carbon 
dioxide, and' so on. If the original substance is a 
solid, it must now be dissolved, in water if posrible ; 
otherwise suitable acids are tried. If the substance 
will not dissolve, the chemist knows that it can only 
c mtain a few substances, such as silica, alumina, 
barium sulphate, etc. ; he then proceeds to make it 
into a soluble oompound by fusion with sodium 
carbonate or acid potassium sulphate at his dis- 
cretion. The examination of the solution is in 
O'ltline as follows : Jidd hydrochloric acid : silver, 
lead, mercurous compounds arc thrown out as 
chlorides; any precipitate is filtered off. To the 
clear liquid sulphuretted hydrogen is added ; it 
precipitates the sulphides of those metals which 
form sulphides insoluble in dilute hydrochloric 
acivi, viz. lead, divalent mercury, bismuth, copper, 
cadmium, tin, arsenic, antimony. Most of these 
sulphides have characteristic coloiu*s ; any preci- 
pitate is filtered off. To the clear liquid ammonium 
chloride and ammonia are added, and more sul- 
phuretted hydrogen ; this mixture gives us sulphides 
of metals which are soluble in dilute acid but 
not soluble in ammonia, also the hydroxides of 
aluminium and chromium and certain phosphates; 
any precipitate is filtered off. To the dear liquid 
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ammonium carbonate is added, calcium barium and 
strontium are precipitated as carbonates ; any pre- 
cipitate is filtered off. To a part of the cleat liquid 
sodium phosphate is added; this gives us magnesium 
as ammonium magnesium pho>phate. The rest of 
the clear liquid h evaporated to dryness and strongl3' 
heated, when only sodium and potassium compounds 
remain. The reagents added above are called Orovp 
MeagenU^ and they must be added as long as they 
produce a precipitate. All the precipitates are then 
examined separately by suitable methods to ascertain 
what metals of the group are present. When this 
has been done the anal.vst kuow.s what metals arc 
present, and this gives him valuable information as 
to the acids tliat ma.v be united with tliem. The 
procedure for ascertaining the acids Im Jess systematic : 
the acti(>n of sulphuric acid before mentioned gives 
valuable information; tho solution, properly pre- 
pared and treated with barium nitrate and silver 
nitrate respective! 3', gi\cs further information, and 
the anal3^st’s knowledge and discretion di'cide the 
remaining operations. (b) Organic : The eom- 
Ijoncnt elements must be ascertained ; carbon aiul 
hydrogen, b3’- lieating with copper oxide, which 
oxidi,se5 any orgiinic compound to carbon dioxide 
and water; nitrogen, by heating with sodium, which 
forms sodium cyaiiifle with any organic substance 
containing nitrogen : if a cyanide is formed it can be 
detected by converting it into Tnussian Blue (</•?*•); 
sulphur, phosphorus, and halogens, by heating with 
nitric acid in a scnled tube, when those elements are 
converted re.'pectively into sulphuric, ph(».sph.oric, 
h3"drochloric, etc., acids, au<l these can be easiU* 
detected. The molting and boiling point sliould be 
taken next ; if these are constant tho substance is 
probably a pure compound, if not it is a ndxtuic. 
The substance nin.st now be cxaiuined as to its cla>» 
h\ making use of reactions .suitable t<j the detection 
of a hydrocarbon, alcohol, aldehyde, ketone, acid, 
amine, amide, etc. Tl'is being done, the melting 
[joint or boiling point will usually settle what par- 
ticular alcohol, etc , it is. If the .substance is a 
mixture, there is no nietlio I appUcalde to every 
case, and the anahst must be guided by Id'* know- 
ledge of the source of the substance an^l )a’ any 
information he can glean fnjm its chemical Ixjliaviour. 
Thu.s, if an anaJiSt were given a liiocc of pirch to 
anah’se he would’ not return a list of compemuds he 
had extracted from the pitch — that would mean a 
long research; he would return the constituent 
elements, and perhaps state what tiaction of the 
Xjitch was soluble in a paiticular .solvent. In any 
analy’sis a substance which has no striking reaction, 
and is present in small quaritii3', may ea''il3' be 
missed ; thus air had been analysed fli(msand.s of 


can be filtered off, washed till free from excess of the 
precipitant, dried and weighed. Thus, to estimate 
the copper in a solution of copper sulpliate, a weighed 
amount of the latter is taken, dissolved in water, a 
I .slight excess of caustic soda added to the hot solu- 
j tion so as to form hydmted cupper oxide, w'hich is 
filtered off, washed, dried, and ignited so as to form 
copper oxide, which can bo weighed : the oomposi- 
tion of copi>er oxide being known, it is clear that we 
should then know tho proportion of copper in the 
original sulphate. For the method of Volumetric 
analysis see Volumetbic Analysis. 

Qaaquaversal {(rvol.) An unu.sual t\pe of in- 
clination of strata in which tho rocks dip outw'ards 
in all directions from some x^articular point, so that 
they form a series of domes or inverted basins over 
one another. Tlic correlative term Centkoclinal 
Dip is employed in describing tho op^xisite arrange- 
ment, in which tho strata are inclined inwards towards 
a central point. This latter arrangement often occuis 
in volcanic necks. 

Quarpel (Arrhittct.) ( 1 ) A small, square, or 
diamond sha]>L*d pi(‘ce of glass. <2) Asimilarl3* shaped 
brick, tile, or stone used in paving. 

Quarrell (Armx), A short, thick, square headed 
arrow or bolt used with the crossbow', also 

Bolt. 

Quarry. An open pit or excavation from w'hich 
stone and other materials are dug. 

(Arehitrct.) Sir Quauukl. 

Quart. St't; We i ( j hts an d M i:a sub es. 

Quarter. See Wek;iits and M K.isL'BEa. 

The canton (//.r.) now takes tho 

[dace of tl.c quarter 

Quartered (VAr.) Divided. .* Divided 

into four quartcr.s or into more than four sections. 
A licld may be quarterly of six or <‘f eight, etc. 

Quartering (Carp.) A term generally applied to 
.-.trqis of timber produced by cutting deals ('j.v,) into 
four. 

Quarterings ( fier ) Several coats of arms 
blazoned on one shield uitlaT in four equal quarters 
or ill a gi eater number 01 hcetions, according to 
the number of coats ir is neoe.s.sary to include. The 
sections aie always equal in number, the principal 
coat being repeat e<l if necessary. 

Quarternary (GeoL) The geological formations 
of j.*ter ilate than that of the Pliocene J*criod. 

Quaternary Ammonium Compounds (<'hem.) 

Compounds of the type 


times, both qualitatively an<l ^luanlitativelj', before 
Kayloigh and Kainsay discovered argon in it, although 
this element forms nearly 1 per cent, of air. 

Quandel. The central stake round wliich w'ourl is 
arranged in forming a Mkileb, i,e, th(i basin .siiapcfl 
stack in which the wood is piled b3’ charcoal burners. 

QuantitatiYe Analysis (Ch^m.) The determina- 
tion of the |)rc»portion by w’eight of any substance 
or substances contained in the material to be 
analysed. Before a quantitative analysis can lie 
made a careful qualitative analysis must Lave been 
mafle. Then only can a method for a quantitotive 
analysis be chosen. The analysis may be iJravi- 
rnetric or Volumetric. In a frraviroetric analysis 
the Riibstanoe to be estimated is converted into an 
insoluble compound of known coifipositiou, which 


where B„ K^, radicals joined to the nitrogen 

atom by carbon, and X is a h3*droxyl group or a 
lialugen. E.g. benzylphenylallylmethylammonium 
iodid<*, 


The quartemary ammonium hydroxides are powerful 
ba.se8 acting like caustic soda or potash ; they absorb 
carbon dioxide from tho air and neutralise the 
strongest acids, forming well crystallised salts. They 
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arc obtainod from amines by the action of alkyl 
iodides or bromides; this gives the quaternary 
ammonium iodide or bromide which can be decom- 
posed by moist silver oxide. E.g, the above com- 
pound can bo obtainod : (a) from methyl aniline by 
the action of benzyl chloride upon it, yielding methyl- 
benzylaniline, 

\'^cn’cTi 

and then acting on this compound with allyl iodide, 
yielding 

^ OH, 


(^) from aniline by the action of allyl iodide (in the 
cold), forming 

acting on the allyl aniline with benzyl chloride 
forming benzylalhl aniline, 

N V 

aud acting un the latter with methyl iodide, yielding 
,.CH, 

IS 

! 

Although the iodides so prepared have the same ! 
chemical composition, they dilfer widely in physical 
prupeities ; e.g, in inciting point (dissociation point ), 
specific gravity, crystalline form — they are isomeric. 
Tlie chloroidatinate of jncthyl<iietl»ylisoburyl- ! 
ammonium exists in two isomeric forms. Various 
explaiiaiion.s <'f this kind of isomerism have be(*n ■ 
advanced, but none is completely .sat isfactoiy. Ihe ' 
isomerism does not occur with simple radicals ; thu'- I 
trimethylisobutylammoiiium salts show isomerism, ' 
but trimcthylproj)ylamnionium salt.s and dimethyl- i 
diclliyLaminoniurn salts do not show isomerisnu 
When thefour‘)rganic radicalsattachedtothe nitrogen : 
atom are all diflerent, the compound can be resohed ; 
into dextro-rotatory and lawo-iotatory forms: thus 
a-l)enzylphenylallylraethylammonium hydroxide (the ■, 
comi)Ound prepared by method a given above) can ; 
he resolved by means of <aJ-eamphorsulphonic acid 
into its optically active components, the dextro : 
rotatory ammonium comi)ound of the sulphonic acid 
being less soluble than the Imvo-rotatory compound. ; 
As quaternary ammonium compounds are coiisidcnid • 
those compouiid.s where two of the four radicals j 
U„ U.J, ilg, K^, are replaced by a ring ; c.y. | 

OH.. CH, i 


>N(CH,).,OH 


A general property of this kind of compound is tliat 
they are easily converted, for example by distillation, 
into open chain compounds. Thus the dimethyl- 
piperidinium hydroxide of the above formula gives 
A«-x>entenedimcthylamine, 

CH,, : CH , CHj . CH, . OH.. . N(Cn,), 


QuartoF Partition (Build.) A lath and plaster 
partition, 

Quapter Plate (Photo.) A plate measuring in. 
by 3J; in. 

Quarter Pyramid (Min.) One of the four pairs 
of faces making up a i)yi*amid form of the Tricliuic 
System. 

Quarter Rip Saw (Carjf.) Another name for a 
Hand Saw. Sew Saws. 

Quarters of the Moon (Astron.) When only one 
half of the ilhmiinated portion of the lunar surface 
1.-3 visible. There are first and last quarters. 

Quarter Space Landing (Build.) A landing 
whoso width is equal to that of (he stairs only, as 
distinguished from a Half Space IjANDIXG which 
extends the lull wddth of the staircase. 

Quartet, Quartett (Music). A composition for 
four voices or iiistiumcnts. A string quartet is a 
musical composition for four stringed instrument.*?, 
generally two violins (first and second), viola, and 
violoncello. The family of “ strings,” viz. violin, 
viola, violoncello, and double bass, is sometimes 
spoken of as the quartet of strings. 

Quarto. In printing, etc., a sheet which when 
folded makes four leaves. In the smaller i-izes 
the height and breadth arc nearly the same. 
Abbreviation, Ito. 

Quartz ( (fcol.) A rock constituent of considerablij 
importance. It occurs (1) as a primary mineral of 
the acid eruolive rocks, (2) as a mineral of secondary 
origin due to the decompo.sition of silicates, (3) in 
tht, form of veins, (4) as a derivative mineral, e.g. in 
the form of quartz ixjbbles or quartz sand. Quartz is 
characteristic of rock.s of terrigenous origin, i.c, it is 
absent from oceanic deposits. 

(Mifi.) Silicon dio.vido, SiO.M Silicon = 40-67, 

oxygen = 53 *3,3. RhomboJmdral. ’ Tiansp o'cnt to 
opaque. I’urc Quartz is colourless, but it is fre- 
quently coloured })y various impui-itios, a 2 )peariiig 
brown* red, yellow, green, violet, etc. It is a mineral 
of the widest distribution, occurring both as a rock 
constituent and in voin.s. Quartz veins or “ reefs '* 
are often of great size, and are the commonest 
carrions of gold in gold bearing districts. Quartz is 
frequently found in gsingue metal in metalliferous 
veins. Ture Quartz of the variety Hock Crystal is used 
for the manufacture of spectacle lenses under the 
name •* pebble, ’ and more recently for light treatment 
in Medicine. Ture Quartz sand is used in the manu- 
facture of the soluble .silicates of sodium and iwLas- 
siuui known as “ vrater glass,” and also for many 
other industrial purposes. 'Jlie chief varieties of 
Quartz are Uock Crystal, Amctliyst, Smoky Quaitz or 
Cairngorm, Aveiituriiic, Cat’s Eye, and Ferruginous 
Quartz. Chah'cdony, which is often classed with 
Quartz, is really a mixture of anhydrous and hydrous 
silica. 

Quartz Fibres (Phys.) Fine fibres produced by 
rapidly drawing out a piece of quartz when fused in 
the oxyhydrogeii flame. These fibres can be made 
thinuor than any natural fibre (e.g. unspuu silk), and 
on account of their strength and elasticity are used 
in very sensitive galvanometers, electrometers, and 
other instruments containing moving parts which 
require delicate suspension. 

Quartzine (Min.) See Chalcbdo:^^. 
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Quartxite ^Oeol.) A very hard rock, originally 
consisting of clean quartz sand, which, as a result 
of later causes, has l^en compacted by the deposi- 
tion of secondary quartz between, or on, the grains 
of sand. The depositing agent has been water 
containing the silica in solution, in most cases at a 
moderately high temperature, and charged with an 
alkali. Impure quartz sand, under the operation of 
the same causes, passes into greywack6 {tj.v.) 

QuarisOM, Consisting of or containing a large 
percentage of quartz. Thus there are quartzose 
gneisses, quartzose schists and quartzose rocks of 
deiivative origin. 

Qaartz Porjphyry ( Ocol . ) An eruptive rock of acid 
composition, in which blebs of quartz occur in a 
stony or litboidal ground mass. Potash felspar is 
usually present. 

Quartz Trachyte ( Geol.) A synonym of Liparite 
( y.r.) 

Qaazl (Music'). As if ; somewhat ; in the style of ; 
as quasi allegro^ .somewhat cheerfully ; (juasi sonata^ 
in the style of a sonata, i.e. in irregular sonata form. 

Qliazsia (^Botany'). The wood of the West Indian 
trees Picrasma excclsa^ Quassia amara (order, Sima- 
furnish the Quassia wood. It is used as a 
bitter tonic. 

Qaatrefoil (Arcldteei^ A cusped opening in 
Gothic tracery, formed with four foils or spaces 
Itetween cusps. See Cusp, Foil, Trefoil, Cinque- 
foil, and Multifoil. 

(Per.) A plant with four leaves joined at a 

common centre, but without stalk. A figure formed 
of four leaves joined together at a common centre. 

Quattro Cento {Art). Literally 4rK), hut used as 
an abbreviation of 1400 (Cf Cinqueclnto). A 
term applied to Italian art., architecture, literature, 
etc., of the fifteenth century. 

Quaver (Music). The name of one of the notes 
and rests. Notes — Rests. 


sublime. It does not reduce Fehling's solution. On 
oxidation with manganese dioxide and sulphuric acid 
it gives quinone : with nitric acid it gives trioxy- 
glutario acid and muoic acid as well as oxalic acid. 
On reduction with hydriodio acid it gives benzene, 
phenol, pyrogallol, qninone, hexane, and hexylene. 
With nltrio and sulphuric acids it yields a penta- 
nitrate. It docs not ferment with yeast. Quercito 
occurs in acorns, and is prepared from them. The 
acorns are extracted with cold water, the solution 
concentrated at 40° under reduced pressure, fermented 
with yeast to remove siig«ar, and treated with basic 
lead acetate; excess of lead is removed from the 
filtrate by sulphuretted hydrogen, and the solution 
is now crystallised ; it is purified by reorystallisation 
from alcoliol. 

Queroitrin ( Ckem.) Ai gluooside. It is a yellow 
crystalline solid, slightly soluble in water; soluble 
in alkalis and in acetic acid. On boiling with dilute 
acids it is hydrolysed to rhamnose and quercetin. 
See also Flavone. 

Queroitpon Bark (Botatiy). A North American 
oak, Quercus tinctoria (order, Cupuliferce). whose 
bark is used as a yellow dye. See Dyes and 
Dyeing. 

j Quern (AreTtiPol.) A primitive form of haudmill 
I consisting of two circular stones, the upper one fitted 
I with a handle ; used for grinding corn and other 
! substances. 

Queue (Her.) The tall of an animal. 

Quick Curve. A curve of small radius. 

Quick Gear, etc. (Eng,) Any gearing which 
pro< luces a m<.»re rapid motion than the normal or 
working motion is often described as “quick.’* 

Quicklime. Lime before being slaked ; i.e. calcium 
! oxide, CaO, as distinguished from the same oxide 
I wlum combined with water, Ca(OH)n, known as 
I .Slaked Jjme. See Calcium and Calcium Com- 

■ POITNDS. 


Quebracho Bark (Botany). The bark of several , 
American trees, e.g, Aspidosprrma Quehracho (ordcT. i 
Avocynaccee), is imported from Argentina; it con- 
tains a number of alkaloids, amongst them Aspi- | 
DOiPERMlNE, and is used medicinally and in leather 
tanning. 

Queen Post (Build.) One of the vertical members < 
of a queen post truss. Sec Roofs. 

Queens (Build.) (1) Roofing slates measuring 
30 ia. by 24 in. (2) Queen Posts (q.v.) 

Quenching (Eng.) The sudden cooling of steel by 
plunging it into water when redbot, vrhereby it 
becomes extremely hard. 


Quick Return (Eng.) Some form of mechanism 
in machine tools for causing the return stroke 
(during wliich the rutting tool is not acting) to be 
perff)raied more rapidly than the forward or cutting 
stroke. 

Quicksilver (Min.) See Mercury. 

Quick Vinegar Process (Chefn.) The process for 
making vinegar from malt liquor described under 
acetic acid (q.v.) 

Quietamente, Quieto (Music). Quietly. 

Quill (SUk Manvfac.) See TlRK. 

Quillaia. See Quillaja. 


Quercetin (Chem.) 
Quercite (Chem.) 


See Flavone. 
CHOI I CHOH 

.cQ CHOTl 

CHOH CHOH 


(Fentaoxyhexamcthylene). Forms colourless prisms ; 
melts at 234° ; shows strong triboluminescence ; sweet 
taste ; soluble in water ; less soluble in alcohol ; in- 
soluble in ether. It contains four asymmetric carbon 
atoms anl should exist in twelve active and four 
inactive modifications. It is only known in one 
form, which is dextro-rotatory. On heating over 200® 
qninone, bydroquinone, pyrogallol. and other bodies 


Quillaja or Quillaia (Botany). A South American 
genus of Rosacem. Q. Saponaria yields the soap 
bark of Chili, used in pharmacy. 

Quinaldine ( Chem.) Another name for a-M ethyl- 
, QUINOLINE. See Quinoune. 

I Quincunx. An arrangement of five objects so 
j that four of them occupy the corners of a rectangle, 
j the fifth being placed in the centre. A group of 
trees so arranged. 

Quinic Acid (Chem.) C«H 7 (OH),OOOH (Ilexa- 
hydrotetrahydroxybcnzoic acid). A white crystalline 
solid; melts at 1C2°; very soluble in water, leas 
soluble in alcohol, nearly insoluble in ether ; lievo- 
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rotatorj. When boiled with water and lead dioxide 
it gives hydroquinooe : distilled with manganese 
dioxide and dilute sulphuric acid it gives quinone. 
It is reduced to benxoic acid by hydriodic acid. It is 
the acid or one of the acids with which the alkaloids 
are united in cinchona bark. To obtain it the bark 
is extracted with 'dilute sulphuric acid, precipitated 
by milk of lime, filtered, and the filtrate evaporated. 
The residue is extracted with alcohol— calcium 
quinate remains ; it is purified by reciystallisation 
m>m water and decomposed by oxalic acid. 

Qalnine {Butany). This important alkaloid and 
its salts nre obtained from the bask (I'eruvian bark) 
of various species of Cinchona (order, ItuMaceof), 
See Cinchona. 

{Chem.) Forms white silky 

needles ; where quinine is precipitated from solutions 
of its salts by ammonia and allowed to stand, the 
crystals contain three molecules of water ; the anhy- 
drous quinine melts at 175°, the hydrated quinine 
at 57°; it is sparingly soluble in cold water (1 part 
anhydrous quinine in 1,960 parts of water at 15°); 
much more soluble in alcohol, ether, chloroform, and 
liot benzene. Quinine is Imvo-rotatory. It occurs in 
Cinchona Bark and in Ucmijia Bark. To obtain 
quinine the cinchona bark is boiled with dilute sul- 
phuric acid, the solution is precipitated with caustic 
soda solution, the precipitate is dissolved in rectified 
spirit, neutralised with sulphuric acid, and the alcohol 
distilled oflE ; crude quinine sulphate crystallises out, 
it is purified by rccrystallisation, being less soluble 
than the other alkaloid sulphates. From the sulphate, 
quinino is separated by ammonia or caustic soda. 
Salts : Quinine is a diacid base, and so forms two 
frories of salts— namely, basic salts, which have a 
neutral reaction, and normal salts, which have an 
acid reaction. In the following formuhe B stands 
for one molecule of quinine. The ncutnil sulphate 
B,H,fc!»04Hfl20, commonly called quinine .^sulphate, is 
the most important salt ; it is a light, silky looking 
crystalline solid, sparingly soluble in water (I part 
in 800 parts water), but readily soluble in water con- 
taining a little sulphuric acid when it forms the acid 
sulphates ; the solution shows a blue fluorescence. 
When the neutral sulphate is dissolved in water 
containing one molecular proportion of sulphuric 
acid, alcohol added, brought to boiling, and treated 
wiUi hydriodic acid and iodine (2HI -f 41), there is 
deposited on slow' cooling a lustrous green cry.stal- 
line (leaves) solid of the formula B4(H,S04),(I1I),1^6, 
HjO, called Hcmpathitc. This substance has the 
remarkable prop«;rty of polarising light about four 
times ns strongly as tourmaline. The chlorides have 
the formulas B . 1101211,^0 and B2I1C! . ; they are m(»re 
soluble than quinine sulphate. Many other salts are 
know'n, but those mentioned are the ones used in 
medicine. Thus tincture of quinine contains the 
hydrochloride, ammoniated tincture of quinine con- 
tains the sulphate, ammonia, and alcohol. Quinine 
solutions have a very bitter taste ; they are used in 
medicine as stomachics an<l as a preventive and cure 
for malaria ; they are also good antiseptics. Consti* 
iMtion : Quinine is methoxycirichonine. See Cincho- 
KlNB. It is a ditertiary base because it atids on two 
molecules of methyl iodide ; it is an alcohol, as it 
unites with acid chlorides and anhydrides to form 
esters ; it is unsaturated, as it adds on two atoms of 
bromine or a molecule of hydriodic acid. When 
quinine hydrochloride is treated with phosphorus 
pentachloride it yields a quinine chloride-— a hydroxy 
group is replacctd by chlorine. This chloride on boil- 


ing with alcoholic potash loses bydroa^n chloride 
and forms quinine. Quinine when heated with 
phosphoric acid yields paramethoxylepidine and 
meroquioine : 


CH, 

“to 


Paramethoxylepidine. 


CH . CH^OOOH 
H,Cj^iCH.CH«CH, 

NH 

Meroquioine. 


When quinine is oxidised with chromic acid, 
meroquinine is among the products; anothw pro- 
duct is quininic acid, which is the carboxylic acid 
corresponding to paramethoxylepidine (CH, chan^d 
to COOH). The constitution of meroquinine is fairly 
well established. On these grounds the formula for 
quinine is probably 



See Cinchonine. The formula there given is less 
probable than the above. Quinine gives the usual 
alkaloid reaerions. The best test for solution of its 
salts is the addition of a little bromine water followed 
by ammonia, when a bright green colour is produced. 
The blue fluorescence of the sulphate is very charac- 
teristic. 

Quinol iChem.) Another name for Hydboqcinone 
iq.r.) 

Quinoline iChem.) 



A colourless liquid ; boils at 239° ; it has a charac- 
teristic smell ; nearly insoluble in. water, readily 
soluble in the ordinary or^nic solvents; it is a 
strong antiseptic. It tceurs in bone oil and in coal 
tar, and is formed when certain alkaloids, e.g, 
cinchonine, quinine, strychnine, are distilled with 
caustic j>otiish. It is prepared by beating together 
aniline (3S grms.), glycerine (120 grms.), concen- 
trated sulphuric acid (100 grms.), and nitrobenzene 
(24 grms.) Tlic heating is done in a flask with 
reflux condenser; at first the temperature is kept 
for several hours at about 125°, then raised from 
180° to 200°, till all reaction is over Water is added 
and the product boiled to drive off excess of nitro- 
benzene. Caustic soda is now added till strongly 
alkaline, and the mixture is distilled in steam. 
Aniline is ] resent, and is removed by acidifying tba 
distillate w'iih sulphuric acid and adding sodium 
nitrite to convert the aniline to diazo-su^hate, which 
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is comerted to phenol on boiling. Tho liquid is now 
made alkaline and again distilled in steam, the dis- 
tillate is extracted with ether, dried over caustic 
potash, the ether distilled off, then the quinoline is 
distilled over. This method of preparing quinoline 
is known as Skraup’s synthesis, and the reaction is 
a general one. below. Quinoline forms salts 
with acids, C^IIyN . HCl. This hydrochloride 
forms a double salt with platinic chloride; of tlic 
other salts the dichromate, which is very si^ringly 
soluble in water, is important, (Ci,H 7 N) 2 lt^Cr.X) 7 . It 
also combines with many salts, e.^. with mercuric 
chloride. As a tt*rtiary base it unites directly with 
alkyl iodides, forming quaternary ammonium iodides, 
with methyl iodide it forms methylquinolinium 
iodide, CHjjCyHyNCIIgl. On reduction with zinc and 
hydrochloric acid it forms tetrahydroquinolinc — the 
pyridine ring being reduced ; and when the tetra- 
hydroquinoline is reduced with hydriodic acid and 
^osphorus the benzene ring is reduced, forming 
decahydroquinoline, CgII,yN. When oxidised by 
potassium permanganate in alkaline solution or in 
strong sulphuric acid solution the benzene ring is 
destroyed and a/3-pyridinedicarboxylic atdd is formed. 



That quinoline lias the formula assigned to it is 
shown by Skraup’s syntbcsi.s; in this the glycerine 
is converted into acrolein by tho sulphuric acid, and 
the acrolein condenses with tho aniline ; 

ILc: = fll 

XII, + 0:(;u ~ : CII 

The nitrobenzene acts as an oxidi.^^ing agent, furnisli- 
ing oxygen, which unites with an atom of hydr<»gcn 
adjacent to the nitrogen in the benzene ring and an 
atom of hydrogen from tlie methylene group, and thus 
brings about the ring formation. Another .synthesis 
showing the con.stiiution consists in condensing 
orthoamidobenzaldch\de with aldehyde in prcwnce 
of caustic soda, forming orthoamidoeinnamic alde- 
hyde, which readily loses water and forms quinoline. 



Quinoline derivatives are named by lettering the 
pyridine ring and numbering the benzene ring as 
shown in the formula for quinoline; then denoting 


the position of the substituent by its letter or 
number, naming tho substituent and adding the 
name quinoline. I’osition 1 is sometimes called the 
ortho-position, 2 the meta-position, 3 the para- 
position, and 4 the ana-position with respect to the 
nitrogen atom. A number of quinoline derivatives 
hare special names. Examples : 

N 

is a-METHYLQUI NO LINE— also called Quinaldine. 
7-Mbthylquinoline is called Lkpidike 


i 

1 


i 


C1I,0 


coou 



i is PARAMETnOXY-QT^TNOLINE-V-OABBOXYLIC ACID ; 
; also called QiriNiNic Acid, iice Quinine. Quino- 
I line dcii\atives can be synthesised (1) by Skraup'.s 
: synthesis, using in place uf aniline any substituted 
i aniline, naphthylaminc or substituted naphthylamlne, 
! etc., provided an (»rtho-position to the amido group 
I i.s vacant. E.ij. orthotoluidiiie would give ortho- 
methvlcpiinoline. 

0 

j cii, cir, N 



Skraup’.s synthesis is employed technically in the 
preparation of aiizarine-hliie- in fact, it was this 
prcj>aratiou wliinli led To its apfdication to the 
.synthesis of quinoline. Ali;.avme blue, 


CO COH 


“WV\. 


Hcl JCH 


dihydroxyanthraquinonequinoline, i.s made by heat- 
ing /S-nitroalizarinc witli glycerine and suliihiiric 
acid: it forms lustrous brownish violet needle.s, 
imsoluble in water, slightly soluble in alcohol, and 
w a weak base ; it is used chiefly in the form of its 
sodium bisulphite compound as a blue dye. (.2) By 
heating together aniline, aldehyde, and concentrated 
sulphuric or hydrochloric acids. This synthesis is 
general, and various aniliue.s, aldehydes, or an alde- 
hyde and a ketone can be used; e.g, aniline and 
ordinary aldehyde give quinaldine. Quinaldine when 
heated with phtbalic anhydride and zinc chloride 
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gives quluoliDe yellow, which is used in colouring 
wax and varnish. 


>tH,C 


Other quinoline dyes arc: Cyanine, a blue dye of 
unknown constitution obtained from molecular pro- 
portions of quinoline* and lepidine by the action of 
amyl iodide and subsequent treatment of the product 
with caustic soda — used in photography. Quinoline 
red, obtained by ttie action of l^nzotricbloride, 
(yijCClj,, on a mixture of quirialdiuc and isoquino- 
line in pre.*4ence of zinc chloride, is also used in 
photography. 


Quinone (Chew.) 


(Parabenzo- 


qninone). Yellow piisms ; melts at llfi®; readily 
sublimes; sparingly soluble in c<»ld water; readily 
soluble in liot water, in alcohol, and in ether. It lias 
a characteristic penetrating smell. Volatile in steam. 
Quinoiic is made by the oxidation of nniline ; the 
aniline is dissolved in dilute .Mdphuric acirl, c(»oled 
to 0‘\ and a strong solution of soditun dichroinate 
added gradually and with (‘onstant stirring, keeping 
the tenuxTaturc tielow 10°. jMter twelve hours a 
fiirtlicr addition of sodium dichromutc (twice as 
rnnch as Ix'forc*) is m.ade, and the mixture again 


CH CH 


amine it yields both a monoxime and a dioxime ; 
the monoxime is identical with nitrosophenol (jsce 
Kitrobo Compounds), so that its formula is — 

CH JDH CH CH 

OC<^ )c:NOH or n0.c( )cNO 

CH CH 

Tlic dioxime has the formula 

CIl CH 


I10N:C< 


CE CH 

(c) With phenylhydrazine it does not give a hydra- 
zone, but is reduced to hydroquinone ; if the phenyl- 
hydrazine has a hydrogen atom replaced by an acid 
radical, then a hydrazone is formed, e.g. 

CH CII 

.COf’ll, yOCCH, 

IO’.N/ !rivcsOC;< >C:N.N/ * 

(.'H CH 

(d) With phosphorus pentachloridc it gives paradi- 

chlorbcnzenc. Quinone has many important deriva- 
tives. Among them may be mentioned : (1) 

MONlMIXOQriKONE an<l Diiminoquinone-- 

CII CH CIT CII 


OC(^ )C:NH and IIN : C 
CH ~C'I1 


C : NH. 


CH CH 


I They aie obtained by oxidising para-aminophcnol 
I and parai>hcn\ lonediaminc respectively in ethereal 
' solution with dry silver f>xidc in presence of anhy- 
I drous sodium sulphate to take up water. They are 
I both colourless compounds, and the moniminoquinone 
I is explo.sive. (2) Quinonemonochlokimide and 

OUINONEDICULOEIMIDE — 


allowed to stand .-cveral hours. The quinone is now 
extnu'tcd with successive largo quantities of ether, 
shaking gently to avoid the i'onuution of a trouble- 
some emulsion. The ether i.'i distilled otT, and tljc 
quinone distilled o\er in steam. Another method is 
to oxidise para-anndopheiiul sulphate in aqueous 
solution with lead tlioxide and sulphuric a<*id ; extract 
w’ith ether, and so on as before. Many other paradi- 
Fubstituted b(‘nzeuo derivatives yield quinone on 
oxidation. Quinone is an exceedingly active com- 
pound chemically; some of its reactions are as 
follows : It is easily reduced to hydroquinone, c.g. 
neidlllcd potassium iodide reduces it with liberation 
of iodine; sulphurous a<*id reduces it. As an inter- 
mediate projluct of its reduction to hydroquinone, 
there is formed quin h\ drone — 

C 0 0 . <ni 



a lustrous green crystalline solid, which is also 
formed by direct union of quinone and hydro- 
quinonc. Chlorine converts quinone into a mixture 
of trichlor and tetrachlorquinonc (chloranil). Its be- 
haviour towards those xeagfuits which act on ketones 
(q.v,) is as follows: (a) With hydrocyanic acid it 
forms 2 : S-dicyanbydroquinone. (b) With hydroxy 1- 


c'li CH c’H err 

Or( ')C:X('l and ClX. r^ )^C:XCa 

c’ii c'li Lir ~ :ii 

are crystalline solids, which melt at 85° to 124°, and 
arc formed from para-amidophenolaiid paraphenylene- 
diairilne by the ai*tion of blcacdiing powder solution j 
the moDochlorimide is also formed from aniline by 
hyjKiclilorous acid. The quinoneimides may be re- 
garded as the parent substances of a number of dyes. 
Tims salts of diiminoquiuone f(»rm with aromatic 
nmine.s, and with phenols Intlamines (y.r.), and 
indophenols ; e.g. the simplest indophenol is 

CII CH 

nN:C(^ )c:N.CoH^OH 

CII CH 

(3) Akilidoqut NONES : AVhen aniline and quinone 
are boiled in alcoholic solution there is formed 
dianilidoquinone, C^H„Oj(NHCgHj)j. The further 
action of aniline on this compound yields dianili- 
doquinunedianil, CgH 2 (NCJl 5 )^(NHCgH 5 )j, also called 
azopheninc. It forms red leaflets, melts at 241°, is 
insoluble in alcohol and in ether, but soluble in 
benzene ; it is formed in the preparation of inclulines 
and is probably an important intermediate 
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product in the formation of this class of djres. 
OBTHOBBNZOQUIKOKB, 


/CO C0\ 

>CH 

\CH CII/ 


forms red plates ; mdts with decomposition at 60° 
to 70°, and is obtained by oxidation of orthodiby 
droxybenzene (catecohol) in dry ether solution by 
silver oxide. The name quinone is used in combina- 
tion to denote other substances having a similar 
constitution to the ortho- and para-benzoquinoncs. 
For examples »ce Anthbaquinonb and Kafhtha- 
QUINONES. As all quinones are coloured (yellow or 
red), the groupings found in these substances are 
regarded as colour forming groupings : thus diacetyl, 
■CH, . CO . CO . CHg, has the ortboquinone grouping, 
and is yellow in colour. In accordance with this 
idea many dyes are written with “quinonoid” 
formulas. See, for example. Malachite Gbeen, 
Pababosakiline. Neutbal Ked. 


Quint iMvtic), An organ stop sounding the fifth 
above tie open diapason. It is of Cj ft. length on 
the manuals, and of 10} ft. length cn the pedals. 

Quintet, Quintett (^Music), A composition for 
five voices or instruments. 


Quintuplet (.Ifi/s/c). A group of five notes in the 
time of four. 


Quintuple Time (Mvsie). One that has five beats 
in a bar. Sre Time. 

Quire {Paper Trade), Twenty-four sheets of 
paper. See Heam. 

Quired Paper {Paper Trade), Sheets of paper 
folded in quiies in contradistinction to paper sent 
out flat or lapped. See Reams. 

Qnirewise {Typog.) Work printed as alternate 
pages on single leaves, and folded so as to allow of 
sewing instead of stabbing through. ’ 

Quirk {Architect,) An acute channel frequently i 
usefl in Greek mould- ' 

iugs to separate an ,1 

•ovolo or a cyma re- Quirked T 
versa from the fillet Ooex. j 
above. It is also very ^ 

commonly used in r 

'Gothic mouldings. Quirked T 

{Join,, etc,) Ovolo, i 

The narrow groove at t 

the side of a bead. 

Quirk Router {Join.) A tool used in cutting a 
■quirk {q.v.) ; it consists of an iron slock resembling 
that of a spokeshave, with movable cutters or quirk- 
-ing irons of various sizes to suit the width of grooxe 
required. 

Quoin {Btiild., etc,) An external angle of a wall 
or building. A comer stone or one that serves to 
form an angle. A wedge-shaped implement or piece 
of material. 

A small w*edge used in locking 

up a forme {q.r,) 

Quotation {Typog,) A phrase transcribed from a i 
speaker or author in his own word.s, and indicated by 
having tw’o inverted commas at the commencement 
and two apostroplies at the close, as; ‘‘The art 
preservative of arts.” 

Quotation Quadrats {'Pyp^^g-) Large metal 

spaces *’ of different bodies used for making up 
blimks and short pages, and usnalty cast hollow. 



R {Elect) The symbol for Bebistaece {q.v,) 

p {Phye,) A symbol generally used for Deesitt. 
R*A. {Axtren,) Bight Asceesioe (^.e.) 

Rabbet or Rebate {Build,) A groove or slot on 
the edge or face of a flat surface. It is intended to 
receive the end or edge of another piece of material. 
A rectangfular recess along a projecting angle, e.y, one 
to receive the edge of a door. 

Rabbet Plane {Joi 9 i,) A plane for working a 
right angled recess or groove on the edge of a piece 
of wood. 

Rabbia, Con {MvHe). With fury. 

Rabble {Met.) The flat ended but hooked bar 
used by puddlcrs in working the chaige of iron, as 
contrasted with the “paddle,” which is a straight 
chiselled edge bar, much the same as the “peeler” 
used for placing “piles” {q.v,) in the reheating or 
balling furnace. 

Rabbling {Met.) The process of stirring the fluid 
iron during puddling {q,r.) The long iron rod bent 
at the end, with which the operation is effected, is 
termed a Rabble (<7.1*.) 

Race {Eng., etc.) (1) The open channel leading 
water to a water wheel, etc. (2) The path along 
which the shuttle travels in a loom. See Race 
Boabd. (:i) The space in which a drum or the fly- 
wrheel of an engine revolves. (4) The path of the 
rollers or balls in anti-friction bearings, e.g. in a 
cycle wheel. 

Race Board {Weaving). The smooth board fixed 
on the loom sley over which the shuttle traverses. 

Raceme {Botany). An inflorescence in wdiich the 
main axis lEicars stalked ilowers and is capable of 
continued growth, adding new llow'crs in the apical 
region. An example is seen in the Currant. 

Racemic Acid ( Otem.) A fo^m of taitario acid 
com])osed of equal quantities of dcxtrotaitaric and 
Ijevotartaric acids. Sec TAnTABic Acid. 

Racemic Form or Modification {Chem.) See 

iSTEREOJSOMEinSM. 

Racer {Eng.) K term b'>metitnes applied to certain 
parts of machines which move wdth very great 
velocity. 

Racing {Eny.) Uncontrolled increase in the speed 
of an engine when tl«e governor {q.v.) fails to act 
projHjrly. In marine engines racing occurs if the 
screw propeller is lifted out of the w-atcr by the 
motion of the vessel in rough wmather. 

Racing {Cycles). Very light cycles fitted 

with tliin tyres, rat trai) pedals, and very small 
saddles. 

Rack {Eng.) (1) A Imr, cither straight or slightly 
curved, with gearing teeth cut on it, employed for 
converting rectilinear into circular motion, or the 
contrary. (2) A very general term for an object 
with a series of projections or equidistant parts of 
any description in machines, etc. 

{Lace Manvfao!) A unit of measurement 

employed in the manufacture of lace by machinery, 
viz, 240 holes or meshes of net. The system of 
measurement by which the Twist hand or working 
lacemakcr is paid and by wliich lace is usually sold 
w'hen in the “ web ” or “ brown.” 

{'Pypf>y-) A fixture with grooves or mnneia 

for holding formes, oases, boards, etc. 
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Rftek and Piidoa (JSng.) A device for converting 
the rotary motion of a shaft into linear motion by 
means of a small toothed wheel or pinion keyed on 
the shaft, and gearing with a rack. Frequently used 
in mechanism. 

Rack Back \Build.) In building a wall it is 
eometimes necessary to leave a portion of it un- 
finished. Wben this is the cose every course is 
started 2\ in. back from the unfinished part. This 
Is to prevent unequal settlement when the wall is 
:finish^. 

Racking {Build.) A term signifying distortion. 
If a piece of framing is moved out of shape, it is said 
to be racked. 

{Chem. Manvfac.) The process of running 

spirit from one vessel to another, so as to expose 
it to the action of the air in order to promote 
oxidation, etc. It facilitates the ** ageing ** of spirit. 

{Mining). The separation of ores, etc., by 

washing them on a sloping surface. 

{Surveying). See Subvetino. 

Rack Rail {Bng,) The t(x>thcd rail used iii certain 
forms of Mountain’ IIailway {q.v.) 

Raddle etc.) Wattled work, e.g. a hurdle 

formed of suj^ple sticks or boughs intertwined be- 
tween stout upright sticks. A similar structure, 
formed of laths, and daubed or plastered with clay, 
is sometimes used to form a wall. 

( Weaving). A coarse kind of sley or reed 

but usually made of wood. Between the pins 
or pegs the threads of warp are passed in groups in 
running the warp on to the warp beam or roll. 

Raddolcendo {Musw). Increasing in softness. 

Radial Arm {Bug.) A projecting lever or arm, 
pivoted at one end, and usually carrying some 
mechanism, as in a Radial Diiillin’u Machine 
{q.v.) 

Radial Drilling Machine (A'wy,) A drilling 
omchine in which the drill spindle is c.arried on a 
projecting arm which can rist? and ffill or swing 
round in a horizontal plane, thus allowdng the drill 
to bo brought into different positions over the piece 
of work. 

Radial, Radially. Having the direction of a 
radius, c.g. lines, etc., diverging from a centre. 

Radian {Math.) The unit angle in the system of 
C'iBcuLAE Measure {q.v.) 

Radiant {A.'<tron.) A iH)int from which the paths 
of a number of meteors appear to divcige. 

(iV/yji.) Acting as a source of radiation. 

The term is sometimes applied to the source itself, 
e.g. the light used in an optical lantern is termed the 
Itadiaut . 

or Rayonnd {Her.) A charge or ordinary 

having rays issuing from the edge. 

Radiant Heat. Heat which passes from a hoi 
Dody or source through on intervening medium 
which transmits, but doeSt^not absorb it. Heat, 
or, more correctly speaking, radiant energy, travels 
from the sun to the earth in this manner through 
the ether, and appears as heat when it falls on a 
body which absorbs it. 

Radiation A tonn denoting the emission 

of energy from a body. 

Light and Heat Rays : In this case the energy 
takes the form of wave motion in the surrounding 


ether, originated by the molecular vibrations of the 
radiating source, and does not become heat or piodnce 
the sensation of light until it falls upon a body which 
absorbs it, or upon the retina of the eye. The process 
of warming by radiation, as the earth by the sun, thus 
differs from other possible methods of transferring 
heat energy, in the fact that the temperature of the 
intervening space is not affected by the transmission, 
and is quite independent of that of the source or the 
receiver. Ether waves only differ from one another in 
the rapidity of the vibrations ; the slower they are 
the greater the wave length, and viee versa. The 
waves emitted from a hot solid body are a very 
complex mixture of different wave lengths, dependent 
not only upon temperature, but usually also on the 
nature of the body — that is, some wave lengths are 
emitted in greater proportion than others. Accord- 
ing to modern ideas regarding the structure of 
matter, all bodies above absolute zero are sources 
of disturbance in the ether in which they are em- 
bedded. It is probably inaccurate to regard the 
molecular vibrations themselves as originating waves, 
for ordinary matter moves freely in ether without 
getting any **grip'* on it; it is most likely the 
oscillations of the attached electric charges or 
“electrons” which are effective, their period, how- 
ever, being governed and controlled by the molecules 
to which they are attached. The properties of the 
waves thus produced are functions of their period or 
wave length. Very long waves of slow period, of 
lengths, say, half inch and upvv.T,rd?, are most easily 
produced by electrical methods, and are applied 
to useful purposes in Wireless Telegraphy. The 
radiation from heated holies has been traced 
cxi^erimcniAlly through a range cf wave length ex- 
tending from about to At about 

35 Hit tn. they become capable oE producing the 
sensation of red light, the greatest heating effect 
being produced by invisible waves somewhat longer 
than these. When in. is reached for the ex- 

treme \iolet the radiation again becomes invisible, 
and within this range the heating effect has rapidly 
decreased and the power of producing fluorescence, 
phosphorescence, and chemical action )jas increased 
with equal rapidity. The general laws of nidiatlou 
were discovered during the earlier and middle p.art 
of the last century by Leslie, Melloni, Forbes, 
Tyndall, and others. Their investigations estab- 
lished tlic fact that good radiators are also good 
absorbers, and vice vrrsd^ and also tliat a body when 
cool absorbs most readily those wave lengths which 
it most readily emits when hot. But as their methods 
dealt with complex sources of radiation as a whole, 
.and as these properties vary in general with wave 
length, no exact quantitative results were obtained. 
Probably the greatest adv.incc which has been made 
since the dtiys of the early experimenters has been 
in the direction of sorting out radiation and dealing 
with particular wave lengths individually, and also 
in the conception and realisation of the “absolute 
black body.” Black surfaces possess the property of 
absorbing or radiating nil waves with almost equal 
freedom ; but even larapblackrcflccts and diffuses some 
of the radiation wliich falls upon it, and it becomes 
therefore possible to imagine an ideal substance 
which shall neither reflect, diffuse, nor transmit, but 
completely absorb all the incident waves of what- 
ever kind. The properties of such a body can be 
investigated mathematically, and among other 
important results it has been established: 

(1) The radiation from it depends only upon its 
tem^rature and the refractive index of surrounding 
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medium, and is quite independent of its nature or 
physical state. 

(2) The energy value of the total ladintion emitted 
per unit area in unit time is proportional to the fourth 
power of the absolute temperature. 

(3) At any given temperature there is one par- 
ticular wave length which conveys the maximum 
energy, and this wave length is inversely propor- 
tional to the absolute temperature. 

(4) The amount of ^radiation of this particular 
wave length, for which the energy is a maximum, 
varies as the fifth power of the absolute tempera- 
ture, — really a deduction from (2) and (3). 

These results afford several mtt’iods of ine.'isuring 
very high temperatures, and have been reiKiatedly 
vorifictU No actual substance couhl satisfy the 
mathematical requirements of absolute bliickness ; 
but a small hole in an enclosure kept at constant 
temperature realises it in practice, for very little 
incident radiation is reflected out of it again, and 
it can be shown to emit the full radiatit)n for that 
Iiarlicular temperature. As regards ordinary bodies, 
it maybe said that the higher the temperature ilic 
more closely the}’ ap]»roximate to the behaviour of 
the ideal black bod}’. 

Light Wavers ; It follows from wliat hasb(‘en sai<l 
that light rays differ in no wa}' from other ether 
W'aves, except in their special power of stimulating 
the visual organs, and may form an altogether in- 
significant fraction of the total emission from a lu't 
bf>dy. Their discussion as radiation belongs to the 
Theory of Light ; bore it is sufficient to say tliat .solid 
incandescent bodies give a coiitimKnis spectrum, 
i.e. emit waves of all lengths within a certain range, 
the maxima extending further into the violet as tlic 
temperature rises, in accordance with the radiation 
law (3) alrca^ly gi\en. (.lascs and vapours do not 
usually become luminuiis by mciely rising in tem- 
perature ; but when caused to emit light- by any 
suitable stimulus, they give, under onlinary eem- 
ditions, diseontiiiuous s^Jt-ctra, Lr. there is selec- 
tive radiation and consequently tliere is selective 
absorption — a fact upon which the whole science <»f 
Ki)cctrum Analysis is founded. 

Teessure of Ladiation : According to the theory 
of light thcic must be a pressure upon any surface 
due to incident radiation, that due to riuirnal inci- 
dence upon a completely absorbent surface being 
numerically equal to the energy of the wave per 
unit volume. For a perfectly reflecting surf.'icc its 
value would be twice as great. Tlie absolute value 
of this pressure is very .«mall (about 4*1 x 10 -r. 
milligrams weight for sunlight) ; but. it lias been 
detected exr>erimen tally by Lebedew, and tlie results 
confirmed by Nichols, and in the case of very 
small particles it may be greater than gravitation. 
Poynting has detected ex|)cri mentally the tangential 
forces which exist in the case of refraction. Thi.s 
pressure of radiation is of great importance in the 
theory of the absolute black body. 

SoLAB Constant: This is the amount of energy 
(expressed in gram-centigrade heat units) received 
by 1 square centimetre per minute at the eiirtirs 
distance from the sun, assuming no atmosphere 
present. Its value lies probably between 3 and 4. 
At least 40 per cent, of this energy i.s intercepted by 
the atmo,«!pliere. A simple calculation sliows that 
the energy radiated per square centimetre per minute 
from the sun’.*;; surface is 4fi0,C00 times as much, 
which works out to about 17 horse power. 

CATHODF., liKNARD, AND fidNTOEN RAYS : The 
first two of these arc not radia^on in the ordinary 


sense (not being ether waves), but may bo dealt 
with conveniently here as special cases of emission 
of energy. Cathode rays are given out by the 
negative terminal of a Vacuum ttibe at very high 
exhaustions (of the order of one-millionth of an 
atmosphere). They were first noticed by Pliicker 
and llittorf, and afterwards carefully studied by 
Crookes, This radiation is easily shown to issue 
I normally from a cathode, and to behave as if it were 
i a stream of material particles carrying negative 
; charges and moving with very high velocities (which 
I may amount to from the velocity of light), 

i This stream possesses inertia, being capable of turn- 
: ing vanes and of heating the surfaces on which it 
falls, and many substances become brilliantly phos- 
* phoresceiit with characteristic colours when exposed 
to its impact. Finally, these properties arc com- 
i pletoly independent of the nature of the matter 
, present in the tul>e. Lenard covered a small hole in 
I the tube with vary thin aluminium (following up an 
- observation due to Hertz), and fimnd that when a 
stream of cathode rays fell upon it, something feebly 
luminous pas.scd through into the outsitle air whicli 
, could excite phosphoresceneo and prod uce feebly m(»st 
' of the effects of cathode rays, hut which Ixjcame 
. .'.pecflily dissipated and lost except cl<»se to the 
origin. It w'as, in fact, catluxlc rays wdiieh had 
, penetmted the aluminium, and which weiv found to 
be capable of penetrating any kind of matter if tmly 
’ thin enough, being stopjKid by substances roughly in 
! the order of their densities. Tlie study of cathode 
j rays inside the tube iiatunilly suggested tiie idea of 
material i)articU\s, while, on the other hand, lht‘ fact 
' that their properties wore independent of the natuie 
of the matter used, and the remarkably penetrating 
nature of the Lenard rays in air seemed to contradict 
I this hypothesis, f(>r no ordinary atom could move a 
fraction of an inch in air witliout being htopj>cd and 
divoitcd by friqnent collisions. Hcnee arose two 

■ schools of thought, the English, physicists on the 
whole regarding them as charged partiel€‘s, whilst 
Ix-'iiard and l»is followers oonsidei'f’d them to be a 

; ]^articular kind of ctliercal disturbance imlependcnt 
i of ordinary matter. Finally, J. J. Thomson, in a rno.^tt 
brilliant series f)f mt'asuremenls, showed that the 
’ catliofle strearacon.sists of negati vely charged particles 
' having only about 5 of the mas.s of the h\drogen 
; atom, and which, although derived from ordinary 

■ matter, are certainly not matter in its ordinary sense. 
This result, t,ogcther with tlicir high velocity, cx- 
plaiiis tlicir penetrating power, and constitutes an 

; e]>och in our knowledge of the structure of the atom. 

' Ronlgen <liscovercd that when cathode rays are 
.suddenly stopptul by striking an obstacle, a new and 
; still more penetrating kind of radiation emauntes 
I from the iioint struck, which, although Invisible to 
; the eye, can pass through the glass of the. tube and 
; affect phot-ograpliic jilates or excite pbo.sphoresconeo 
. outside. Like Lenard rays, it is stopped by bodies 
' roughly in the order of their densities, but differs 
1 from tiiem in being perceptible at enormously greater 
I distances from the tulx!. This radiation possesses 
! con.spicuou.sly the power of strongly ionising air or 
j otlier gases through which it passes, making them 
i temporarily conductors. Further, it is incapable of 
' being refracted or regularly reflected, and no definite 
I results of the nature of interference or ]'K)larLsation 
! have been dctetjtcd. The great range of these rays 
) seem.s to exclude the idea of projected material Tjar- 

■ tides, and they are generally supposed to be really a 
1 special kind of ether wave, not produced in regular 
i vibrations, but as an irregular series of discrete 
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pulses produced by the shock of the impact of the 
cathode rays. The question would be practically 
settled by a determination of their velocity, but 
it is doubtful if this has really been successfully 
accomplished at present. — E. E. 13. 

Radiation) Solar {A^tron*) Expressing this in 
energy, it is nearly 1 30,000 horse power continuously 
for each square metre of the sun’s surface. The Earth 
receives only about of the total radiation. 

Radiator {Build.) A hollow frame or structure, 
generally of cast iron, through which steam, hot 
water, or hot air circulates. The heat is radiated 
into the apartment in which the structure is fixed, 
thus warming it. Where feasible, radiators should bo 
fixed against an outer wall and be furnished with a 
device for admitting air from without ; this becomes 
heated as it passes over the surface of the radiator, 
and keeps the atmosphere of the apartment fresh. 

{Eng.) A device for dispersing heat by 

radiation ; c.g. the apparatus by which the circulating 
water in a motor oar i.s cooled. See Motor Car and 
Tetrol Knoinb. 

Radical {Chem.) Literally the common stem or 
root of a number of different compoumbs. It is used 
occasionally of elements. Thus, when it is desired to 
refer to the metal in a scries of salts of that metal, 
the metal might be spoken of as the basic radical. 
But tlie term is much more commonly used to denote 
a group of elements which reacts as if it were a 
single element ; such groups are known as compound 
nidicabs, and have not an independent existence. 
Thus the group ON is the cyanogen radical, . but 't 
does not exist by itself. However, two such groups 
usually unite together to form a compound which 
can exist, llius vve ha\ c : 

Methyl, CH 3 Ethane, CII 3 -CH 3 
Cyanogen, C’N Cvanogen, (»as, CN“— CN 
Bheriyl, CgH, Diplionyl, 

See also Compound Radical a?ul Cacodyl. 

Radicle {Botany). The descending portion of the 
axis of the embryo in a seed. It absorbs nutritixe 
solutions from the soil, and also gives anchorage to 
the seedling. In most Dicotyledons the ra<liclo 
develops into the main or tap root of the aduK 
plant ; but in Monocotyledons it is suppressed, and 
r(»ots arise from the base of the stem. 

Radio- {Phys.) Hclating to rays or radiation, c.y. 
Eadio.ictivity Iq.v.) 

Radioactivity {Phys.) The power possessed by 
certain substances of spontanetuisly emitting radia- 
tions cap.able of affecting photographic plates, 
exciting phosx>horcsccuce, and ionising the sur- 
rounding air. 

In 18% Becquered discovered that uranium salts 
emitted something which could act upon a sensitive 
plate wnippcd up in black paper, arul which made 
tlie ait around temf)orarily a conductor. He found 
that all salts of uranium, and also the met.'il itself, 
jiossessed these properties, which in no way deiiended 
upon previous exposure to liglit and were in no 
degree weakened by lapse of time. He also found 
that the radiations could not be reflected, rcfnictecl, 
or polarised, while researches by various experi- 
menters showed that of the kuown elements only 
thorium ixjssesscd similar ^lowers. 

The next great step was made by M. and IVIadame 
Curie, vrho found that while all uvnnium minerals 
were active, their activity was not proportional to 
the amount of uranium they contained, and in some 
oases was even greater than that of the metal itself. 


This suggested that small qnantities of some very 
active substance were present, and after much labour 
M. and Madame Curie were able to separate from 
Pitchblende (a very complex ore of uranium) twor 
intensely active substances now known as Kadium 
and l^OLONiuM, the former being a definite element 
allied to Barium, and the latter a substance asso« 
ciated with bismuth, diflicult to isolate and as yet 
of uncertain nature. Other radioactive bodies have 
been separated from pitchblende, but in quantities 
excessively small, and it is still doubtful how far they 
are really independent entities. Dobierno obtained 
Actinium, and Marckwald IUdio-Tellubium, while 
Hofmann and others have found .an active substance 
l)rtisent with load derived from that mineral. 

Radioactivity is delected either by its effect on 
a sensitive plate or by its power of discharging 
charged bodies, the latter method being by far the 
more delicate and reliable. It appears to be due to 
the grsidual breaking up of a complex atom into simpler 
forms, accompanied by the emission of relatively 
enormous quantities of energy. Very little of this 
emitted energy is in the form of ordinary light or 
heat waves, although the emission keeps the sounc 
at a perceptibly higher temperature than its sur- 
roundings. It mainly consists of streams of charged 
particles projected with great velocities. Such a 
stream is deflected by magnetic and electric fields, 
and the amount of the deflection in the two cases 
determines the velocity and ratio of mass to charge 
of the flying particles. Three distinct types of 
radiation were soon recognised and distinguished as 
the a, fit and 7 -Tays respectively, all of which are 
given off bv Radium and Thorium : whereas I’olonium 
and Radio- rellurium a^jpear to give off mainly on© 
kind, the a-rays. 

The a-rays represent most of the radiated energy, 
and appear to be positively chaiged particles about 
twice »as heavy as the hydrogen atom, and moving 
with velocities of about 20,000 miles per second. 
They excite phosphorescence in certain subsiances, 
especially Sidot’s Blentle (^.r.), and their ionising 
power is very great. They are only slightly deflected 
by a magnetic field, and are xcry easily stox^j)ed by 
slight obstacles, such as a sheet ©f i)apcr. 

The /S-rays appear to be identical with Cathode 
rays. They consist of negatively charged particles 
much smaller than ordinary atoms, moving with 
velocities varying from alK>ut 60,000 miles per 
second to a speed closely approaching that of light 
itself. They are easily deflected by magnetic and 
electric fields, can excite phosphorescence, especially 
in Willemite, Kuuzite, and barium -platinocyanide, 
and can readily jwjnetrate obstacles which would 
entirely stop the a-rays. At the same time their 
ionising power is much less than that of the a-rays. 


MASS VELOCITY ENERGY 


0 
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• 


Fid. 1. 

Diagram nhowing the mans, velocity, aod energy of the « and 
]iurticlea. The velocity ie represented by the length of the 
lines in the middle column, the maae and energy by apheree. 
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The 7 -rays do not appear to consist of material 
particles, as they are not deflected by magnetic or 
electric fields. They are probably a special kind of 
ether wave, i.e, of light, resembling X-rays, and are 
produced by the shock of starting the emitted par- 
ticles, just as ordinary X-rays in a vacuum tube are 
produced by their sudden stoppage. Their chief 
characteristic is their remarkable power of penetra- 
tion, in which respect they surpass the X-rays. They 
also possess the power of exciting phosphorescence 
and causing ionisation, but in the latter respect are 
less effective than the ^-rays and enormously less 
elective than the a-rays. 



Fig. 2. 


Piagrum showiDg tbe doflection ot the a, jS, and y Baya from 
Radinni. 

In addition to these typical forms, it has been 
recently shown by J. J. 


different substances, but alwa 3 'B in a geometrical ratio 
with time. For this reason it is convenient to state 
the time required for the body to lose half its activity, 
for this is a definite period, whatever the initial 
strength may be. It will be suflicient here to trace 
the life history of radium as far as at present known. 

The parent of radium is probably uranium, from 
which it is formed at a very slow rate — so slowly 
that this fact is as yet not definitely established. 
Radium itself does not appear to be radioactive, but 
in its turn slowly breaks up, giving off in minute 
amount an emanation ” (discovered by Rutherford 
first in the case of tboriuu]), which mostly remains 
occluded in the parent radium salt, from which it 
can be removed by heating or bubbling air through 
a solution. This “emanation" appears to be an 
inert heavy gas, displaying no chemical activities, 
and absolutely unaffected at the highest tempera- 
tures. It ca'u be liquefied by cold and pumped 
through tubes, and it apparently has a characteristic 
spectrum. It is intensely radioactive, its presence 
in glass tubes being indicated by the phosphorescence 
of the walls, and it supplies most of the heat emission 
of radium salts (acooi'ding to Rutherford, if it were 
possible to collect a cubic inch, it would probably 
melt the glass tube containing it), and it appears to 
emit only a-particlcs. It loses half its activity in 
four days, which means that in that time half of it 
has changed into some other form. Appareutl^' this 
change is due to the emission of the a-particle, and 
it now becomes “ emanation Xj,” a solid body which 
collects on sui faces exposed to the gaseous emana- 
tion, leaving them temporarily radioactive after the 
latter has been blown away. In three minutes half 


Thomson and others that 
there is also a copious 
emission of quite slow 
moving /S-particles. These 
complex .radiations are 
nob emitted by Thorium, 
Radium, or Uranium 
themselves, but by sub- 
stances continually being 
formed from them, and 
which by suitable means 
can be removed from the 
parent substance, leaving 
an inactive material which 



Fio. 4. 


Diagram representing the disintegration of a lladiiuii Atom. 


regains its radioactive power at a perfectly definite of this changes into “ emanation X,," also with the 
rate. emission of o-particles. X„ does not appear to emit 

any kind of particle ; but every twenty-one minutes 
half of it changes into X 3 , which in its turn breaks up 
rapidly (half in twenty-eight minutes), with the 
emission of a, /9, and 7 -rays. It is noteworthy that 
the p and 7 -Tays arc only emitted daring the last of 




these four rapid changes. 

The next two stages occur very slowly, and have 
only recently been traced by Rutherford, who calls 
them provisionally D and E. The former only gives 
out /3-rays, and is half transformed in about forty 
years into E (however, it maj' eventually turn out 
that two changes occur here instead of one). 
E gives out only a-rays, and is half transformed 
in about 150 days. Beyond this nothing is os yet 
known with certainty. These slow changing l>odies 
should gradually accumulate in ores of radium, and 


Fiu. 8. 

Curves nbowing tbs rate of decay of the activity of tbs emana- 
tion, and the recovery of activity of Badinti]. 

Meanwhile the very active portion removed gradually 
loses its activity at exactly the same fiate, differing for 


it Ls possible that D may turn out to be the active 
constituent in Hofmann’s radioactive lead, while E 
may be identical with tbe polonium of the Curies 
and the radio-tellurium of Marokwald. Only the 
first product of radium, the gaseous emanation, is 
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chemically inert. All the succeeding solid pro- 
ducts have detiuite chemical and physical proper- 
ties, which make it possible to identify and partially 
separate them. What the final products may be is 
as yet unknown ; but it is certain that the rare gas 
Hblium is one pf them, and it may possibly be the 
projected a-particle itself. This formation of helium 
from radium (discovered by Kamsay and Boddy) is 
remarkable as being the first caso known of one 
element changing partly into another. Evidence is 
rapidly accumulating which goes far to show that 
radioactivity is in various degrees a general property 
of matter, and not confined to a few very rare sub- 
stances. Apparently the whole crust of the earth is 
more or less radioactive, and it seems probable that 
slow nnd gradual cliangc into simpler forms is part of 
the life history of the atom. — E. E. B. 

Radiograph. (1) An instrument for measuring 
and recording the intensity and duration of sunshine. 
(2) All image of some object produced on a sensitised 
plate by means of the Boutgen rays. 

Radiolarian Ooze afid Radiolarian Chert {Qeol.') 
Ijargc numbers of Poly cygtiiut {Protozoa wit h siliceous 
tests) live in the upper waters of the warmer parts 
of the ocean along with the Poramhiifera^ wliich 
secrete calcareous sheila When these die their 
sbclls descend together towards the ocean floor. 
But solution of the calcareous shells begins at a few 
hundred fathoms below the surface, and is generally 
completed by the time they have sunk to a depth of 
2,500 fathoms. The siliceous shells of the Jtadiolaria 
or Polycyitinee then reach the bottom alone, i.c. 
without any calcareous matter. A deposit so formed 
is termed a Radiolarian Ooze. Ancient Radiolarian 
Oozes, now altered into more or less cherty rocks, 
occur in many geological formations, and bear im- 
portant testimony to the former presence of oceanic 
conditions in areas which may now form parts of 
continents. 

Radiometer, Crookes’ iPhys.) A set of light 
metul vanes, fixed on a vertical axis so as to be 
capable of easy rotation, and enclosed in an ex- 
hausted globe. One side of each of the vanes is 
blackened, the other left bright. Radiant heat 
received by the vanes causes them to rotate at a rate 
depending on the intensity of the radiation. 

Radio Micrometer {Elvct.^ eto,') An instrument 
for the detection and moasuremeut of small amounts 
of radiant heat. It consists of two small b^trs of 
metal forming a thermo-electric couple (y.r.), one end 
of each bar being attached to a small blackened 
copper disc on which the radiant lieat is received, and 
the other ends connected togcthiT by a loop of 
copper wire. The whole arrangement thus forms a 
closed circuit, and is suspended by a quartz fibre in 
the strong magn<*tic field between the poles of a 
magnet such as is used in suspended coil galvano- 
meters. Radiant beat falling on the disc heats 
the thermo-electric junction, causing a current to 
flow round the loop, and the whole circuit turns 
through an angle depending on the Ktrength of the 
current, i,e. on the intensity of the radiation received. 
The instrument is extremely sensitive, and when used 
with a suitable reflector will detect the radiant heat 
received from a candle placed two miles away. 

Radium Rd. Atomic weight, 225. A 

metal which occurs, in traces only, in pitchblende, 
carnotite, and a few other rare uranium-containing 
minerals. The pitchblende (jf.v.) from Joachimsthal 
d( Bohemia) contains more radium than any other 


variety. After the uranium has been extracted from 
this pitchblende, a ton of the residue yields 0*2 to 
0*3 gram of radium bromide. The metal itself has 
not been prepared ; but it amalgamates with mercury, 
as is shown by the fact that when a saturated solu- 
tion of radium-barium chloride is shaken with a 
1 per cent, sodium amalgam, a radium-barium 
amalgam relatively richer in radium than the 
original double chloride is formed, so that the metal 
could be prepared by means of its amalgam. Cf, 
Barium. A number of radium salts have been 
prepared, e.g, the bromide, cliloridc, nitrate, car- 
bonate, and sulphate, and they resemble generally 
the corresponding barium salts ; but the bromide 
and chloride are less soluble than those of barium, 
and of course no barium salt is radioactive. Radium 
bromide is prepared from' pitchblende by the'.follow- 
ing method. The pitchblende is powdei^ and fused 
with sodium carbonate. Soluble salts are extracted 
with hot water, and the residue is treated with dilute 
sulphuric acid. The sulphuric acid solution contains 
the uranium. The insoluble residue, formerly a 
waste product, contains the radium ; it is treated 
with concentrated hydrochloric acid. The solution 
thus obtained contains most of the polonium and 
actinium, while the insoluble part contains the 
radium in the form of sulphate. After washing with 
water, this residue is boiled with a concentrated 
solution of sodium carbonate, in order to transform 
the insoluble sulphates to carbonates ; the carbonates 
are washed with water, then dissolved in dilute 
hydrochloric acid. This solution is again precipi- 
tated with sulphuric acid, and the resulting sulphate 
converted into cldoride exactly as above. The solu- 
tion of chi rides is now treated with sulphuretted 
hydrogen ; the precipitate contains some polonium. 
The solution is boiled and oxidised by potassium 
chlorate', and treated with ammonia ; the precipitate 
contains some actinium. The solution is precipitated 
by scnlium carbonate, the precipitate is washed, 
dissolved in hyilroehloric acid, evaporated to dryness, 
and the re.sidue washed with concentrated hydro- 
chloric acid to remove calcium chloride, and leave a 
residue of barium and radium chlorides. A little 
radium is removed by the washing with liydrochloric 
acid; it is precipitated by sulphuric acid, and the 
precipit;ite worked up with frash material. The 
radium and barium chlorides are dissolved in water, 
precipitated bysotlium carbonate, and the carbonates 
dLssolved in hydnibromic acid. Eight to ten. kilo- 
grams of mixed bromides result from 1,000 kilograms 
(2,204 lb.) of pitchblende, and it is about sixty times 
as active as uranium. The bromides are now sub- 
mitted to fractional crystallisation, first from water, 
then from hydrobromic acid, the roflium bromide 
being less soluble than the barium bromide. The 
most active bromide obtained is about two million 
times as active as uranium. Radium bromide crystal- 
lises ill the monoclinic By.stem, is deliquescent, and 
is therefore kept in sealed tubes ; it gives a crimson 
colour to the lJunsen flame, and when tlds flame is 
viewed in the spectroscope it gives two lines in the 
red, one in the blue green, and two (faint) in the 
violet. On keeping, the radium bromide, which is 
pure white when fresh, becomes brown; but it can 
be made white again by heating. A solution of 
radium bromide in W'ater evolves hydrogen and 
oxygen continually at the rate of 10 cc. of the mixed 
gases i^er gram of radium per day, the hydrogen 
always being rather more than double the volume of 
the oxygen. Radium salts convert yellow phosphorus 
into red phosphorus. When exposed to air, ozone is 
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produced ; iodine is liberated from a solution of 
iodoform. They impart a brown violet colour to 
glass, blacken a diamond externally, also darken 
quartz. When a radium salt contained in a celluloid 
capsule is placed on the skin and left a while, its 
action can be felt, and some hours after it<s removal 
a red patch appears, then a wound, which takes a 
long time to heal. On this account radium salts 
have been applied to the cure of lupns. Attempts 
have been made to cure cancer by the application 
of radium salts, but without success. Kadiuin salts 
cause a number of substances to fluoresce, especially 
barium platinocyanide, willemite (zinc orthosilicate), 
Sidot’s blende (slightly impure zinc sulphide). A 
radium salt is feebly luminous in air, and the 
spectrum of this light has been shown to be that of 
nitrogen, but in an atmosphere free from nitrogen 
the spectrum is continuous. Itadium is an element 
which is constantly undergoing spontaneous decom- 
position ; its atom is not stable, but breaks up into 
simpler atoms. This decomposition differs from 
ordinary chemical decompositions in being entirely 
beyond the control of the chemist, who can neither 
accelerate nor retard it. The rate of this decom- 
position is such that a gram of radium bromide 
would be lialf decomposed in about 1,150 years; 
the nature of the decomposition is described under 
llADioACTiviTY {q.v,) As radium has a compara- 
tively short life, it follows that* in a mineral such as 
)itchb]ende, radium is constantly being produced, 
ts probable source is uranium, itself a radioactive 
element, but with a much longer life (2,000,0(X),0CK) 
years). There is little direct evidence bearing on 
this subject as yet; but it is noteworthy that the 
amounts of uranium and radium present in pitch- 
blende are about as 10® : 10*. The physical behaviour 
of radium is described in the article on IIadio- 
ACTIVITY iq.T.) The atomic weight of radium has 
been determined by precipitating a solution con- 
taining a known weight of radium chloride with 
silver nitrate, and weighing the silver chloride so 
produced ; the value obtained was 225 (0 = IG). It 
has also been determined by comparing the fre- 
quency difference of the double lines iu the two 
subordinate series of tlie radium .‘ipecirum witli those 
of magnesium, calcium, strontium, and barium ; the 
result is 257-8. Tbe reason of this great difference 
is unknown. That radium is an element is shown by 
the fact that it falls into position in the x^criodic 
system iq.v .) ; it has chemical properties closely re- 
sembling those of barium, which is an clement in tho 
same group; it has a characteristic spectrum. 

W. H, IT. 

Radius. In a circle, the distance from the centre 
to the circumference. Sec also Radius op Cubva- 
TUUB, 

Radius of CurvatuFe. If normals be drawn from 
two adjacent points on a curve, they will intersect in 
a i>oii)t lying on the concave side of the curve. If 
the two points be now supposed to move towards one 
another, the point of intersection of the two normals 
will move towards a limiting position, which it will 
occupy when the two points from which the normals 
are drawn are upon the point of coinciding. The 
distance from the curve to the point of intersection 
of the normals is termed the Radius op Cubvatube 
of the curve. The point of intersection is the 
Centke of C'urvatube, and a circle drawm from 
this centre, touching the curve at the points from 
which the normals are drawn, is termed the CiBCLE 
OP CUBVATURE of the given curve at tbe point of 


contact. It has at this point tbe same slope and the 
same rate of change of slope as the given curve. 

Radius of Gyration etc.') Tho Moment of 

Inertia (^.r.) of a body may in general be expressed 
in the form K =* w//**, where m is tho mass; the 
quantity h is called the Radius of Gyration. 

Radius of the Earth (^Aetron.) The mean or 
average radius is about 3,959 miles. Measured from 
the role to the centre it is 3,950 miles ; from the 
Equator to the centre it is 3,963 miles. The earth is 
really an oblate spheroid, ijs, a solid produced by an 
ellipse revolving about its shorter axis. 

Radius Rod {E^ng.) Part of the Parallel Motion 
used in beam engines ; now nearly obsolete. 

Radius Yector (P7/y«., etc.) A line drawn from a 
fixed point to a x^a.tticle or body moving under the 
influence of a force acting towards that x>oint ; c.g. 
the line drawn from a planet to tho sun. 

Raffia {Eotajiy). The thin cuticle (or outer wall 
of the c[)i(lcrmis) of the leaves of a Madagascar 
palm, Jlaphia tv fin (order, Palmm\ used by gardeners 
lor tying up plants, flowers, etc. 

Raffinose {Chem.) (Mclitosc or Meli- 

triose). A sugar wdiich cr 3 'stallises in shining 
needles or prisms couiaining 5 molecules of water 
of crystallisation. On slow heating at 80® to 105® it 
loses this water and forms an anliydridc. Soluble in 
water; insoluble in alcohol; no sweet taste; its 
solution is dextrorotatory [a]p = 404®. On h,ydro- 
lysis with dilute acids it yields dextrose, Isevulose, 
and galactose : 

+ 2Hp - 3C.H,,0.. 

On careful hydrolysis an intermediate stage occurs* 
Imvulose splitting off first and mclibiose being formed, 
+ li,0 = + C,,H.,,0„. Raffinose 

has no reducing X)roperties, and therefore forms no 
osazonc. Nitric acid oxidises it to oxalic, saccharic* 
and mucic acids. It forms an endeca -nitrate; and an 
endeca-acctatc. Like care sugar it unites with 
calcium, barium, and strontium oxides. It is not 
inverted by^ diastase ; btit it is inverted to la;vulose 
and mclibiose by invertase; and another yeast 
enzyme (meliboglycase) invert.s the inelibiose. 
Zymase slowly, but completely, ferments it. Ihiflinose 
occurs in eucalyptus-manna, iu cotton seeds, and in 
beelroot sugar molasses. It can be obtained from 
the manna by repeatedly ex trading it witli l)oiling 
water and some animal cliarcoal and purifying the 
product by recrystallisation from dilute alcohoL 

Rafters {Build,) The timbers to which the roof 
cf^vering is fixed. See Roofs. 

Rag. (1) The name given to various kinds of 
stone found in different jiarts of England, and used 
for building purjioses ; e.g. Kentish rag. See IJuiLD- 
IND Stones. (2) A large roofing slate with one side 
rough. 

Rag Bolt {Build.) (1) A bolt with an enlarged 
end lor bedding in masonry. (2) A bolt with barbs 
or jags in the direction (»f the head, so that it cannot 
be withdrawn after being driven iu. 

Rag Grinding {Mango or Shoddy Manvfao.) The 
oXJcration of reducing rags made of wool, worsted, 
or mixed materials to fibre. Done by a rag grinding 
machine. 

Raglet {Build.) A groove cut in a w^all, into 
which the edge of flashing {q-v.) is turned. 
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Ri^aly or Ra^ulee {Her,) Having projections. 
A dividing lino similar to embattled,’* but with the 
projections slanting. See under Hebaldby, 

Rail (Carp.) A general term fur a horizontal 
member in a framed structure. 

Applied in a general sense to a long 

bar, especially to a bar along which the wheels of a 
vehicle run. Rails are descril)ed according to the 
kind of line for which they are used, and are further 
distinguished according to cross section as Double 
Headed Rails, etc. Seo under Railways. 

Rail Bender A massive clamp used for 

bending rails to an arc of a curve. The force 
necci>sai'y to bend the rail is applied by a screw or 
by hydraulic pressure. 

Rail Bond {Elect. Eng.) An electrical connection 
established by means of conductors, usually of 
eopper, between the adjacent ends of two lengths of 
rail in electric traction. 

Rail Clamp (Eng.) A clamp or bracket used to 
bold a ratchet drill (q.v.) in place when a rail is 
being drilled ; by this means a hole can be made in 
a rail while it is in position. 

Rail Fagot (Eng.) A Fagot or pile iq.v.) of 
bars of ditlerent qualities of iron, which l.s to be 
used for rolling rails. Fagoted iron rails are now 
almost su];>crsedcd by steel rails. 

Rail Gauge (Eng,) A measuring bar used in 
fixing rails the proper distance apart. 

Rail Guards (Eng.) Bars titled to the front of 
the frame of a locomotive, and reaching nearly down 
to the rails. Their purpose is to remove obstacles 
from the surface of the rails. 

Rail Ingots (Eng.) Ingots of Be.ssemcr steel 
about 1 ft. sijuaro, from which steel rails are rolled. 

Rail Tests (Eng.) Kails arc usually tested by 
allowing a lioa\y mass of specified weight to fall on 
a rail resting on two supports. The amount of 
<]cflcction is iiote<], and from this, in conjunction 
with chemical tests, the quality of the rail can be 
estimated. 

Railways. Early in the peventeenih century an 
inventive geniu.s, wdtli a view to reduce frictional 
resistance on roads, hit ujwn the idea of laving down 
parallel blocks of timber for tlie w heels of \ chicles 
to travel on, thus forming a Tramboad, in the 
neighbourhood of coal and iron mines. No marked 
strides seem to have taken place until about a 
century later, when the wooden blocks w^ere aban- 
doned in favour of east iron plates, which were 
secured to iron shoes bf>Ited to stone blocks. Vehicles 
drawrn by horses, and litted with flanged wheels, 
tra\ellcd on these plates; but this rornl }Toved much 
too rigid, and eventually the stone blocks w'erc 


replaced by timber sleepers, and the cast iron plates by 
wrought iron rails. The application of 8tbam as a 
motive power was assuming practical lines early in 
the nineteenth century, leading to farther improve- 
ments and developments of the tramroad, which 
was now merging into the dignity of a railroad. In 
1821 a line was of>ened for goods traffic between 
Stockton and Darlington, followed in 1830 by the 
first railway designed for passenger traffic, Hz, from 
Liverpool to Manchester, engineered by the famous 
George Stephenson. The line was a double one, and 
the motive power the historical engine ** Rocket,” 
made by Stei>hen8()n. This enterprise proved an 
immediate financial success, resulting in an enormous 
development in the construction of railways, the 
movement quickly spreading to the Continent and 
America and gradually to every part of the globe. 
It is scarcely possible to realise the full importance 
of the introduction and extension of railways as a 
factor in the world’s progress and advancement. 


Approximately, the x)rc$ent Mileage 
534,300, distributed as follows: 

(1905) is 

Miles. 

Europe . 


186,720 

Asia 


46,530 

15,660 

Africa . 


N. America . 


239,020 

S. America . 


29,860 

Australia 

Total . 

16,610 

534,300 


The capital involved is nearly £8,000,000,000 (eight 
thousand mdlions). In the United Kingdom the 
mileage is 22,435, the capital £1,245,029,000, and the 
approximate number of people employed CO0,0tX), 
In this country the con.struction of railways is con- 
trolled by various Acts of Parliament, and Ixjfore a 
new lino can be opened for pa.ssenger traffic the 
Board of Trade must certify that it has been pro- 
perly constructed and equipped and all rules and 
regulations complied with. 

Construction.— In laying out a railway the 
cuttings should as far as possible balanc'e the embank- 
ments, consistent with workable tmrves and gradients. 
On the earlier railways gradients were seldom con- 
structed steeper than 1 in 200, nor curves sharper 
than 60 chains’ radius ; but with the improvements in 
the permanent way and engines and the intro- 
duction of machine brakes, gradients of 1 in 60 and 
curves of 15 chains’ radius became common. Tliese 
limits arc greatly exceeded on mountain railw^ays, 
where gradients of 1 in 4 and curves of about 300 ft. 
radiu.s are frequent, such steep gradients being 
w'orkable by the “Abt” or the ‘‘Fell” System, or 
some form of rack and pinion, and the provision 



Fio 1, 

1. Boll-head Rail. lA, Vignules Rail. 2, Cast-iron Chair. 8, Spike and Treenail. 8 b, Doff Bolt. 4, Bleeiier. 

5. Compraswid Oak Key. 
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of powerful machine and antoniatic brakes. The 
Formation is the prepared suiface in cutting or 
embankment ready to receive the ballast and per- 
manent way. The slopes or batter of the sides of 
the cuttings and embankments vary with the geologi- 
cal formation passed through. For ordinary soil the 
roost usual is a batter of horizontal to 1 vertical, 
but in some kinds ot clay tne slopes may reach 3 or 4 


On the Continent and America the type of rail 
mostly used is the Vignoles or Flat Bottom (fig. 1), 
Chairs me not necessary with these rails ; they rest 
cither directly on the sleepers, or sometimes a sole 
plate of thin wrought iron is placed between the rail 
and sleeper to prevent the rail squeezing into the 
latter. Rails are usually 30 ft. in length, although 
45 ft. is a dimension now becoming general on 



Fio. 2. 


to 1, whilst a cutting in rock may have vertical sides. 
The width of formation for a single line is 18 ft. and 
for a double line 30 ft. A layer of broken stone or 
coarse gravel 12 in. deep is first placed on the 
formation, upon which reals the Permanent Way. 
The modern practice is to place sleepers 9 ft. long x 
10 in. X 6 in., generally creosoted (xr/? Creosote) 
about 2 ft. 6 in. apirt. Cast iron chairs weighing 
from 30 to 50 lb. arc fastened to these sleepers by 
spikes and treenails, through-bolts or couch screws, 
and the Hails are placed in these chairs and secure<l 
by compressed oak keys, Sre fig. 1. In Great 
Britain the fonn of rail favoured is the Bullhead, 
varying in weiglit from 05 to 100 lb. jjer lineal j-ard. 
Following the American practice of Standardising, 
which lias resulted in many advantages, a committee 
(Engineering standards) of experts consisting of well 
known English engineers and others, have recently 
decided upon a standard rail, both as regards manu- 
facture and dimensions. Slrffi Fig, 2, which gives three 
of the standard sections. In future the rails used in 


important limes. The joints are secured by a pair of 
plates (Fishplates) from 1 ft. 6 in. to 2 ft, in length, 
with four bolts from J in. to 1 in, diameter, provision 
being made for expansirm and contraction by slotted 
holes in the rails. In countries where timber is 
scarce, or wliere it is attacked by ants (e.f/, India) 
sleepers made of wrougl»t or cast iron are used. 
The Ordinary Gauge in Europe and America is 

4 ft. HI in. In Ireland it is 5 ft. 3 in., ami India 

5 ft. 0 in. Narrow Gauge varies from 1 ft. 6 in. to 
3 ft. f> in., a very large mileage being on the metre 
gauge (3 ft. in.) The JUNCTION of one line of 
rails witli another is effected by means of switches 
or points (fig, 8). 3’hcso are tapering movable 
rails. The intersection of one rail with another 
is termed a Ceos.SiNg. In America it is termed 


Fro. .‘J, 



A, Movable Tomrae or Switch. 
B B, Stock Rails. 

CCCf Blule Chairs. 

D, Onissing or Froflr. 

E E, Check or Guard Rails. 


this country will comply with the suggestions of 
committee. They will be manufactured of s 
made by the Bessemer or Siemens-Martin process 
to the following limits in chemical composition, i 
Carbon .... 0*35 to 0-5 per cen 
Manganese . . . *7 to 1-0 „ „ 

Silicon not to exceed . 01 „ „ 

rhogphorus , . . 0075 „ 

Sulphur .... • 0-08 .. .. 


a Frog (fig. 3). To in.snre the safe movement of 
trains. Signals and signal boxes are provided at 
stations, and also at intervals betwcjcn them. The 
signals are usually worked by manual labour by 
means of levers, and are so arranged that it ia not 
possible to lower a signal for the passage of a train 
unless the points are properly set, looked in pnsftion, 
and all eonfiicting signals at ** danger.** This ia 
termed “interlocking.*' fig. 4. At present 
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power Bignalling is coining into favour, the power 
being either ooinprcsscd air or electricity, in lieu of 
manual labour. A further development is the auto- 
matic signalling. Briefly described, this system is as 
follows (fig. 5) : The line is divided into sections of 
about one mil^, and the rails at these points are in- 
sulated by means of a special block joint. Every such 
length forms a distinct section from block to block 
with the signals controlling it, the intervening joints 


as to ensure the distant signal remaining at the on** 
or danger position until the home signal on the next 
forward post has returned to the ‘‘off** or alright 
position after the train has passed out of the next 
adjoining section. Fig. 5 shows a diagram of one 
section of a line with an automatic pnenmatio 
signalling installation. Doubtless automatic signal- 
ling will be extensively adopted in the near future 
I on main lines. It not only increases the carrying 



The roftd ia aet tor a down brancli and np main train ; and before Signals A C E J K and L can be lowered, the Points at X X 
iinitit be lucked over in ixMitiuu, arid all conriicting Signals raiis^be at the danger position as shown. 


being liondcd (Lt. electrically connected) by means 
of copper or other suit able wire. The semaphore 
signals arc placed in proximity to the bonded joints, 
and are moved by levers actuaUid by coiiipre.ssed air, 
controlled by valves. The latter "arc opcratcid by 
electro-magnets, working with relays on the 

rail or track circuit A track battery i.s connected 
in circuit with the rails, and placed at. t!ie end 
farthest from the signals ; a low voltage current is 
transmitted through one rail to a relay against the 
signal and through this relay back to tiic battery 
along the other rail. A signal battery having a 
circuit through the contact joint on thc track relay, 


capacity of the line, but tends to greater safety in 
working. 

In no detail has greater strides been made than the 
Locomotive. From a machine weighing tons, 
working at a .steam pressure of about 50 lb. and 
capable of liauling some 20 tons, we now have engines 
exceeding 100 tons, with a w*eight of 20 tons on the 
driving axle, working at a pressure of about 240 lb. 
per square inch, and capable of hauling 500 tons and 
upwards. In America goods trains weighing as much 
as 3,000 tons arc not uncommon. To facilitate the 
working of traffic at goods stations numerous 
mechanical devices are used, such as steam. 




hfkEeis CF nzA/ff 







opcratc.s an electro-pneumatic valve by means of the 
electro- magnet. Assuming there is no trfiin on the 
line, the signals stand at the “ alright or “ off ” 
position by rciason of the air pressure in a cylinder 
actuating the semaphore. This eoraj)ressed air is 
generated at a central generating station, and 
conveyed along the railway by means of a small iron 
main. When a train enters a section the track 
cii'cnit is broken down by the wheels and axle 
forming a short circuit; the relay is now dc-energised. 
This has the effect of closing the valve supplying the 
air, and the semaphore goes to the danger ” or “ on ** 
position by gravity. Circuit breakers are so arranged 


hydraulic, and electric cranes, hydraulic capstans, 
turntables, and hoisU. 

Brakes. — The block system in connection with the 
working of railways is compulsory in this country, as 
is also the use of automatic continuous brakes on 
passenger trains. Tliere are several such brakes, but 
only two in general use, riz. the Westinohousb 
Automatic and the Automatic Vacuum. Shortly 
described, the former is worked by compressed air 
obtained from a small compressor fixed on the engine, 
which compresses air to about 80 or 1001b. per square 
inch. Fig. 6 gives a diagram of the working of the 
brake. The compressed air is stored in a main reservoir 
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fixed under the engine, and from this it is conveyed 
by a main pipe the whole length of a train. Branch 
pipes connecting with a triple valve, subsidiary 
reservoir, and brake cylinder are fixed under each 
vehicle, and two brake blocks are usually placed 
against each wheel. The brake cylinders are provided 
with a pair of pistons held together by spiral springs, 
and under normal conditions the maiu pipe and 
reservoirs arc charged with compressed air "which is 
shut off from the brake cylinders by means of the 
triple valve, and equilibrium is maiut.iined. To 
apply the brakes the driver or guard opens a vsilve 
which reduces the pressure in the main pipe, opening 


ejector is again brought into action and a vacuum 
created. In the event of the main pipe becoming 
severed accidentally, air is admitted and the brakes 
are automatically applied. This brake is also’" very 
rapid in action and is largely used. 

KLEcrHioiTy as a motive power is now being much 
favoured by railway companies, the advantages 
claimed being that it enables a greater volume of 
traffic to be dealt with at a reduced cost of working. 
Several existing railways are electrifying their 
systems, a notable instance being the underground 
lines of London. In America electric railways have 
j already reached a considerable mileage, and there is 



Fig. 6.— Westinuhodse Automatic Bkake. 


the top port in the triple valves and causing the air 
in the subsidiary reservoirs to enter tue bnike 
cylinders between the two pistons, forcing them 
asunder, and actuating the brake blocks by rods and 
levers. A similar operation takes place automatically 
should a vehicle become detached aiuddentally, as 
the main pipe is thereby severed. By opening a 
valve between the main reservoir and main pipe the 
pressure is restored, the brake blocks return to their 
normal position and equilibrium again obtains. The 
action of this brake is very rapid ; trains travelling at 
great speed can be pulled up in little more than their 
own length. Fig. 7 shows din grammatically the work- 
ing of the Automatic Vacuum Bbake. liiis consists 


little doubt the development of this system of motive 
power is likely to be far reaching. 

A Light Bailwa-Y is a railway made under 
pow’ers obtiiined from the lioard of Trade and tlic 
Light Railway Act, the object being to develop 
country districts at present nut })rovi(led with 
railways. Such lines are constructed as cheaply 
, as possible, level crossings are allowed in liiui of 
j bridges, and signalling is as simple as is consistent 
* witli safety. — A. VV. S. 
i 

I Railway Wheels. Although the wheels and axles 
■ used on railways vary in detail, the general type.s 
I do not differ greatly. There b., however, a marked 



of an ejector placed on the engine connecting with 
brake cylinders and vacuum chamber.'*, fixed under 
each vehicle by a main pipe which extends the whole 
length of the train, terminating in the guard’s van. 
The brake cylinders are fitted with a piston connected 
with brake blocks on each wheel by means of rods 
'*and levers in a manner somewhat similar to the last 
described brake. Before starting a journey the driver 
o{)erates the ejector which creates a vacuum in the 
main pipe and brake cylinders, equilibrium then 
obtains, and the brake blocks hang free. To apply 
the brakes the driver or guard opens a valve admitting 
air at atmospheric pressure into the main pipe, which 
enters the brake cylinders and forces the piston 
upwards : this in turn actuates the brake blocks. To 
restore equilibrium and remo\e the brake blocks tbc 


difference between the wheels of a roadway and a 
railway vehicle; i.e. in tlie case of the fo/mer the 
wheels revolve on the axle, whereas on the latter the 
wheel and axle rev«)lve together. There are two 
general types of railway wheels in use in Great 
Britain, viz. the open body with .spokes or arms 
now used chii'fly for wagons, and the solid body or 
Maii.sell wheel fitt.ed to carriages and vans. A wheel 
coiihLsts of the axle, terminating in journals (which 
accommodate the axle-box, bras.ses, springs, etc.), 
boss, body, tread, and tyre, the two latter together 
constituting the flange. The axles are made of a 
high claFs wrought iron or steel, capable of being 
bent double, wlien cold, without fracture ; the boas 
may be of cast or wrought iron, and is shrank on 
the axle ; the body may bo of wrought iron or solid 
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wood ; the flange is of steel. When Ihe body is of 
wrought iron the spokes or arms are fixed in the 
hub, and sccurod to the fiauge by hhrinking and 
keying (6g. 1). In a Mansell wheel the solid 




wooden body is bolted to the hub an<l flange, as shown 
in fig. 2. The advantages of a Mansell wheel are the 
reduction in resistance and a continuous .support to 
the flange. In America and other cnimtries a wheel 
made of east iron i.s favoured. A system now largely 
adopted i.s the bogie truck, whieh con.sist.s of two or 
thr<'e iMiirs of Mansell wheohs attached to a frame. 
The earriage rests on two such bogie trucks, one at 
each end. and is fixed by a pivot placed in the centre 
of each truck. Tliis armngement greatly reduces the 
rigidity of tlic wheel ba.se, and enables the vehicle 
to travel round sliarj) curves with the minimum of 
friction. 

Rain {Mtrteorol.) When clouds form over a region 
in which the air is nearly or quite saturated with 
moisture, the globules of water whi(di form the 
cloud unite and descend through the stratum of 
moist air underneath, and fall as rain when the 
temperature is above freezing point. See Clouds 
and Salt. 


Rainbow {Ueteorol.^ Phys.) The prismatic arch 
of light formed by the reflection of light from the 
internal surface of drops of rain on which the sun 
is shining. The chief or Tbimaby Bow has a radius 
of 40° for the violet and 42° for tlje red light ; hence 
the violet is inside, the red outside. The Segondaby 
Bow is due to light which has been reflected twice ; 
it is outside the primary bow, and the relative posi- 
tion of the colours is reversed. The radii are 61° 
for the red and 64° for the violet light. Bows due 
to three, four, etc , reflections are occasionally pro- 
duced; they lie between the observer and the sun, 
but are obscured by the bright light. The fifth bow, 
however, is occasionally observed, as it lies in the 
same pari of the sky as tlio primary and secondary 
bows. l^UNAB Bows, which are similar phenomena 
produced by the moon, are occasionally noticed 
under favourable conditions at full moon. Inside 
the primary or just outside the secondary bows 
there may sometimes be seen other bows; these 
are termed Complementaby. Spurious, or Supee- 
KUMEBABY Bows; they are due to Intebfebence 
iq.v.) 

Rain Cloud {MeteoroL) A cloud or system of 
clouds from wdiicb rain is falling. This type of 
cloud is the Nimbus or C'umulo-cirro-stratus. See 
Clouds. 

Rainfall (Meteorol.) The amount of rain falling 
in a given time is expressed by the depth to which 
it would cover a fiat surface if the whole of the 
water remained upon it. “ One inch of rain ” is an 
amount which would cover the ground to a depth of 
one inch ; this requires about 60,000 tons of water 
per square mile. See also METEOROLOGY. 

Rain Gauge {Mrteorol.) An instrument which in 
its simplest form consists of a funnel whose opening 
or mouth is of knowu area, and a collecting vessel, 
screened from wind and sun to prevent evaporation, 
placed beneath it. By measuring the total quantity 
of rain collected in a given time, it is easy to 
calculate the amount which has fallen on any area. 

Rain Water (CheHi,) See Water. 

Rain Water Pipe (Build.) The pipe that carries 
the water from the roof, gutters, etc. 

Rain Water Separator, Roberts’. An apparatus 
wliich prevents the .^usj>ended matters — soot, decaying 
lo.iVos, bird droppings — in rain water fnim passing 
into the storage tank. The separator is made of 
zinc upon .on iron frame, the centre jiart being placed 
oil a pi\ot. Tbe first part of the rainfall pjisses 
through a waste pipe, and after a certain amount 
has fallen the sci)aralor cants over and juisses the 
clear water into the storage tank. 


, Geological Action of. Rain water contains 

a small perceniage of carbonic acid, which enables it 
to Slot chemically upon various rocks, especially upon 
limestone. But its chief function consists in wash- 
ing away disintegrated materials, and thus exposing 
new surfaces to attack. Furthermore, rain contains 
a small percentage of the salt dust derived from sea 
spray, which is transferred from the air to the land. 
These salts may be carried by streams to arid regions, 
and there accumulate as the water evaporates. 

Rain Band (Meteorol.) An absorption band in 
the solar spectrum due to the aqueous vapour in the 
eaith’s atmosphere. The intensity of this band 
increases as the aqueous vapour becomes more 
abundant. 


Raised Beach ((rent.) Strictly speaking, the terra 
“ raised beach ” ought to be restricted to <lcpo^its of 
sand and shingle which have been formed at the 
margin of a lake or on a seashore by the action of 
the waves, and have subsequently been elevated by 
terrestrial movements to a position in which, while 
tbe level chanicter of the surface is still retained, the 
waves can no longer aifect the deposit. But the term 
is also ap])lied to a roi;ky shelf or ledge which has 
been sculptured I y wave action, and has been elevated 
so as to be out of reach of the agent that shaped it. 

Raised Oil. See Raising. 

Raised Panel (Carp, and Join.') A panel thicker 
in the centre than at the edges. 



BAI 


602 


BAT 


Raised Work (Enff.) Sheet metal work which 
has been shaped by hammering. This process is 
chiefly used in the production of ornamental work in 
copper, brass, etc. 

Raisind {Leather Manv/ac.") A process of raising 
or recovering the oil from the washings in the 
manufacture of chamois or oil leather. The wash 
waters are run into a large tub and heated with iicid. 
The acid splits up the soap, and the oil is “raised” 
and floats on the surface : this oil is termed “ Raised 
Oil ” or “ Sod Oil” {q.r.) 

{Woollen jMan^fae.) Applied to woollen 

cloths, and consists of drawing the fibre from the 
surface of the threads by means of tciizles or card 
wire. Such cloths as lM.‘avers, meltons, pilots, 
blankets, etc., are raised 

Raising Piece A timber laid on a wall or 

other support to carry a beam or beams. 

Raising Plate {Carp.) A wall plate for carrying 
the heels of rafters. StT Hoofs. 

Rake (Mining), A Cornish term for a lode or 
vein. 

, Raking. (1) Sloj 3 e or inclination. (2) A 

tool of the familiar pattern, used in m:in 3 ' metal- 
lurgical and other operations. 

Raking Bond (Luild.) Diagonal or herring-bone 
bond. 

Raking Cornice {Architeef .) Tlie cornice in a 
pediment (q.r.) bounding the .sloping sides of the 
tympanum (y.r.) 

Raking Flashing ( Build,) The inclined fla.shing i 
(q.v.) used on a roof against a stone wall. 

Ballentando (Musie), Gradnully decreasing the . 
pace. I 

Ram (Lnj.) The piston of a hydrauli<i press (q.i\) ! 

Ramie Fibre (Botany). A fibron.s material which 
is now often u*ied for many piirj)"».ses in which cotton 
was formerly employed. See Rhea. 

Ram Leather ( ?Jng, ) The cup leather of a pres«. 
<S/<? Uydbaulic iTiEsa, ( 

Rammer (Foundry). A cast iron head fixed to a 
handle; used for filling a moulding box and ffircing ‘ 
the sand into close contact with the pat lorn. 

Ramp (Build.) (1 ) A curve, eoncave on the upper 
surface; c.g. the upward bend (f a han<Irail at a 
landing. (2) Tlie curved or straight slioulder eon- ; 
necting the coping of a wall at different le\els. | 
(3) The coping of a stair nr (4) The difference j 

of level in the abutments of a Rampant Arch (q,v.) ! 

(^Eng.) An intdined plane used in raising • 

or lowering heavy weights through small distances, i 

Rampant (Tfer.) Lions and bea.sts when repre- j 
seated standing on tlie hind legs with one fore k g j 
elevated arc blazoned rampant. It is the natural 
position of an animal springing on its prey. 

Rampant Arch (Build.) An arch with its 
springing nigiier on one abutment than the other. 

Rampant Gnardant (Her,' As rarai^ant, but face 
turned to .sjxjctator. 

Rampant Regnardant (Her,) As rampant, but 
head, turned to look behind. . 

Random (Typog.) A sloping frame, generally ! 
used in making up type into ])ages. i 

Random Ranges (Textile Manitfac.) Experimental ! 
ranges or pattern trials made with a view of acquiring j 
styles from which ranges proper iiiay be constructed, j 


Random Rubble (Build,) Masoniy consisting of 
stones of various sizes and shapes which are not 
built in courses. 

Range. (1) Compass, extent, soope. (2) A series 
of thinp standing in line, (3) The series of sounds 
of which the voice or a musical instrument is 
capable. (4) A kitchen grate with which is combined 
a cooking apparatus, etc. 

— (Biol.) (1) The geographical distribution 
of au animal or plant. (2) The geological period 
throughout which it has existed on the earth. 

Ranging or Betting Out (Surveying). The location 
and marking on the ground of required points. 

Ranging Rod (Surveying). A simple straight rod, 
coloured ^o as to be easily distinguishable, used for 
marking any required point. 

Rank (Music). Used of pipes in an organ, and 
signifies a row of pipes belonging to a ceiiain stop. 
The mixtures are of three, four, or five ranks. See 
Mixtures. 

Ranseur (Anus). A medineval spear with ac* 
ecssory spikes at the base of the point. 

Ranunculaoes (Botany), An im{)ortant natural 
order of I)icoiylodt)ns, ciiiefly found in the North 
TcmjHirate Zone. Many garden and medicinal plants 
belong to the (>rder, sucli as Aoonitum, Actasa,. 
Clematis, Ibinunculus, De^iinium, Ta'^onia. 

Raoult*8 Method (Chem.) A method of deter* 
mining molecular weight by the lowering of the 
freezing point of a solution. The apparatus com- 
monly employed is Reirkmann's. It i.s described 
under FREEZING I'OINT (q.V.) 

Rape Oil. Thi.s oil is substantially the same as 
colza oil, and is ])repared by oxpres.'^ing the small 
black spherical seeds of thc5 rape }ili»nt, Brassiea 
napus, which is grown in most part.'^ iff Europe and 
in many places abroad. The oil i.s used fur illumin- 
ating, in soapmaking, and for lubricating purposes, 
.Sp. gr. at 1S° (\ 01)14 to 01)16. 

Raphides (Botany), 'i'hc term applied to the 
needlchke cry’slals of oxalate of lime, usually acicular 
in form, found in the tissues of many plants. 

Rapidamente, Rapido (Music). With rapidity. 

Rapier (Arms). A light, narrow, .sharj) pointed 
sword fa .■>inall sword), designed for thrusting, used 
from the sixteenth century onwards. Originally a 
long two cdge<l sword, suited for cutting or thrusting. 

Rapping (Foundry). 1/OOScning a jtattern from 
the Blind by tai»ping or bamincring. To prevent 
injury to the pattern, plates of metal termed 
Rapping Plates are let into the wood in convenient 
positions; t!icse may be struck with suitable tools 
termed Rapping Bars and Rapping Mallets. 

Rasch (Afrmi?). Quick; comparative, 

Raschette Furnace (.1/^^.) A form of Blast 
Furnace (see Fuii.VArES) with a wide hearth and a 
number of tuyeres ; it is used in smelting lead and 
copper in America. 

Rasp (Carp., etc.) See Files. 

Raspberry ( Botany). A well known fruit, Bnhus 
ideeve (order, Jtosaeree), consisting of an aggregate of 
drupc.s. Each small drupe has a similar structure 
to tliat of a clierry or plum. 

Ratchet. A Ratchet Wheel (q.v.) 

Ratchet Bar ( Eng.) A bar with teeth like those 
of a Hatchet Wheel (q-r.) 
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Ratchet Brace (J^.) A tool for drilling boles 
in confined situations ; tbe drill is rotated by a 
ratchet actuated by the handle of tbe brace, and 
pressure is applied to the tool by means of a screw 
which works in a nut on tbe brace itself or in a 
separate frame or clamp ; turning this screw causes 
the “ feed ” or motion of the drill in the direction of 
its own length. 

Ratchet Drill {Bug,, etc.) See Batchet Brace. 

Ratchet Wheel (Bng., etc.) A wheel with teeth 
of peculiar shape, somewhat resembling those of a 
circular saw. These teeth engage with a Pawl, a 
piece of metal hinged at one end and coming in 
contact with the edge of the teeth at the other. The 
paul may serve the purpose of communicating motion 
to the wheel or of preventing it from turning back- 
ward (i.e. it allows motion in one direction only). 

Ratchlng (Cotton Sjnnning). The excess Bj>eed 
traverse of a mule carriage over the roller delivery 
ns it travels outwards. This has the eifcct of 
stretching and subjectiiig the twisted thread to a 
further draft, and produces a more even spun thread. 
Sometimes spoken of as “ Carriage gain.” 

Rate of a Chronometer (Astron.) The amount 
it gains or loses during one day. Kate is reckoned 
positive when the clock loses. 

Rate of Denudation (Gcol.) See Denudation, 
Bate of. 

Ratio (Math.) The relation between two magni- 
tiide.s or quantities of the same kind ; it is expres.sed 
by stating what multiple, part, or parts, one qiiaiility 
is of the other. In mathematical symbols the ratio 

A 

of A to B mav be written A : B or — 

B 

Rational Formula {(hern.) Is the same as con- 
stitutional lormula. St*e Chemical I’^okmula. 

Ratio of Expansion (Kng.) The relation of the 
final volume to the initial volume of a gas which is 
allowed to expand. The term is csjK*cially applied 
in engineering to the expansion of steam in the 
cylinder of an engine. 

Ratio of Specific Heats (Phyfi.) Se »Specific 
Heats of Gases. 

Rat Trap Pedals (Cyeh's). Pedals in which the 
foot rests on notcljed steel bars instead of on bars 
co\crcd with rubber. Ijightcr than the latter form, 
but not so free from vibration. 

Raw. A term applied to various substances to 
denote that they are in a natural, unriifmed, un- 
manufactured, undiluted, or undressed condition ; e.g. 
raw hitle = untanned hide ; raw silk, silk simply 
reeled from the cocoon. 

Raw Hide. Leather which has not been tanned. 
It is sometimes used for thongs and for driving belts. 

Raw Linseed Oil. Oil that has not been boiled, 
so called to distinguish it from boiled linseed oil. 
See OlLfl. 

Ray (Mueie). Second degree of scale in “ Movable 
Dob ” system. 

(Phy»,) The line along which the dis- 
turbance produced in any form of w^ave motion 
travels. Thus a lay of light may be regarded either 
as a line along which ligld travels, or as a normal to 
the wave front (q.v.) 

Rayoiiii4 (^Jffer,) See Badiant. 


Rays (Her.) The sun as a charge is sometimea 
represented with rays ; they are alternately straight 
and wavy, and sixteen in number. 

Rb (Chem.) The symbol for Rubidium 

Re (Mueie). The soLfa syllable for. D. 

Reactance (Elect.) Tliat part of the impedance 
(q*v.) of a circuit which is due to its self induction 
and capacity. In most cases in practice the effect 
of capacity can bo neglected, and the reactance is 
^Tnlj, where L is the self induction and n is the 
frequency. Cy. Impedance. 

Reactance Coil (Elect, Eng.) A Choking Coil 
(?■*’•) 

Reaction (Chem.) Chemical action occurring be» 
tween two or more substances. 

(Meek.) A general term for a force which 

is acting in opposition to another force or system 
of forces. 

Reader (Typog.) A person whose province is to 
correct errors of the compositor in setting type, 
revise the various proofs, and be responsible for the 
accuratiy of tbe forme before it is finally printed off. 
His dulic.s commence with the first proof or im- 
pression, which is “run through” with the copy by 
I its side, and all literals and other obvious errors 
marked by means of special signs. See Proof Cor- 
RECTiONft! The copy is then given to a boy or girl, 
usually called a copyholder, wdio reads it aloud while 
the reader verifies the proof, paying special regard 
to orthography, ])unctuation, division and compound- 
ing of w. T'ds, Use of capitals, and the general “style” 
of the house, etc. When all the neces-sary marks are 
made, the proof is handed to the compositor, who 
corrects it and pulls a “revise.” Tlio reader corn- 
pjiros this with the first proof to see that all his 
marks have been carefully followed, in which case 
the ty-jje is made up into pages and imposed, etc. A 
proof in sheet form is pulled and folded, but not cut. 
It is then the rcaiier’s duty to read the headings of 
the pages, cheek the size, style, and register of the 
make up, and verify ttie folios or pagination, signa- 
ture.s, and connections of tl.c pages. When these 
points ha\'0 had due attention by the compositor, the 
author’s proof is pulled ; and after the reader has- 
indicated upon it any query he deems necessary to- 
raise, it is submitted for approval. On its return, 
this proof is carefully and critically perused by the 
press reader as a whole. In the event of the altera- 
tions being considerable, involving disturbance of 
lines or paragraphs, the proof is first given to the 
compositor; and after the author’s corrections are 
made, a further proof or ])ress revise is pulled, upon 
which the final marks are made, and the work 
“ passed for press.” 

Readers’ Marks (Typog.) See Vhoov Cor- 
rections. 

Reading Beds (Geol.) A series of clays, loam, 
and sands, with some pebble bods, formed under 
fresh water, estuarine, and marine conditions during 
the Lower Eocene I'eriod in the London Basin. The 
estuarine and marine type is found to the east of 
London, and the fresh water type mostly to the- 
Bonth and the west. 

Reading Microscope or Telesoope (Phye., ete.y 
A microscope or telescope used for reading the 
indications of a finely divided scale or other instru- 
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inuiit, or for measuring small distances. Beading 
microscopes ai*e usually mounted so that the axis 
of the instrument can be moved parallel to itself 
through small distances, which can be accurately 
read off on a scale attached to the frame of the 
instrument. In many cases a fine adjustment is 
provided by means of a screw with a graduated 
head. 

Reading Off {Lace Manufac.) Converting the 
lines that represent thread.s upon the draft into 
figures fur the use of the Jacquard card puncher. 
Sve Deaftino. 

Reagent {Chem^ Any chemical substance (ele- 
ment or compound) used to bring about a chemical 
change. Thus in qualitative analysis (^jr.v.) the 
chemicals used to precipitate the various group of 
metals arc called group reagents. The word is, in 
fact, more commonly used to denote chemicals used 
in testing than any others. For example, we have 
the alkaloid reagents Nesslcr’s reagent {q.w') 

X'henylhydrazine is a reagent for aldehydes and 
ketones. 

Real Fugue (Nuair'). A fugue having the intervals 
of the answer st^ictl^ repeated in the hfth above (or 
fourth below), e.g. ; 


Saltject. J. S. Bach. 



Realgar One of the sulphides of Arsenic ; | 

AsS. Arscnic = 70-I, snlj/nur!=2fi‘l>])erocTit, Mono- i 
symmetric, usually massive. Colour, orange red ; ■ 
lustre, re.sinous. It is usually associated with the I 
other sulpJiide Orpiment. Front Northern Hungary, ! 
Transylvania, Bohemia, Asia Minor, etc. | 

Real Image {Light,) See Image a7id Conjugate I 
Foci. i 

Realism {Art, etc,) Rendering or repr(»du(ing , 
precise rletails of a subject or scone. Fn reci*nt ^ears j 
the term has been employed to indicate that tlso i 
details are of an unpleasant eliaractor. Opposed to 
Idealism. ! 

Ream {Paper I'rade). A certain quantity of , 
paper, generally 4^0 sheets or 21) quires, hut \aryiiig i 
slightly according to the purpose hu* winch it is j 
intended : e.g. a ]>iinter.‘'’ ream consists of 21 J quires | 
(51fi sheets), to allow for waste in printing. • 

Reamer (-Pag., rte.) A tool used for enlarging (-r 
truing a hole already drilled. A coininon form (on- 
3 ists of a short sliaft with longitudinal cutting ridges. 

Rear Vault {Architect.) The vaulted surface on 
the interior of a window head in a thick wall. 

Rebate {Carp,, etc.) A synonym for Rabbet 

Rebated {Tier.) Broken off. 

Rebec {Arch'col) A lute-shaped musical instru- 
ment of medimval times, with one, two, or three 
strings, played by a bow ; the prototype of the 
violin. 

Rebus {Her.) An allusive device. Charges fre- 
quently occur in heraldry in which the bearer’s name 


is suggpted. For instance, Bearing blazons a deer 
and a ring ; Ashton, an ash tree issuing from a tun 
or cask ; Abbot Ramrygo adopted for supporters two 
rams wearing collars with the letters " Byge.” 

Reoalescenee {Phys.) If a piece of iron wire 
which has been heated to a red heat be allow'cd to 
cool in a dark room, it cools dewn, losing its glowing 
appearance, and then suddenly glows out again, 
when its temperature has fallen to a certain value. 
Tliis phenomenon is termed BecAlescbnce, and the 
tcmiieraturo at which it occurs the TemfeRATURJS 
OP Becalescencb. 

Receiver {Png., cte.) (1) A general term for a 
receptacle, plac^e of storage, etc. (2) In the foundry, 
a tank into which metal for large castings is rnn 
from the cupola, mid from which it is run into the 
moulds, (il) In telegraph and telephone practice, etc., 
it signifies the instrument by which a message is 
received. 

Recess {lluitd.) The inside of a Beveal {q.v.) 

Recessing Machine {Join.) A machine used for 
sinking {q.r.), Imusing (q.%\), and for cutting out 
recessed and shaped work generally. 

Reciprocal. Tlic reciprocal of a quantity is equal 
to unity divided by the <juaiitity. 

Reciprocal Figure. Sec Geapbic Statics. 

Reciprocating. Applied in engineering, etc., to 
mechanism of wdiich the parts move h.'iftkwards and 
forwards alternately, as is the case in ordinary steam 
engines. 

Recitando, Recitante {MttKic). In a reciting 
manner. 

Recitative {Musir). A composition without re- 
gular rhythm, being of a declamatory e.haracter. 
Recitatives aie of two kinds : (1) JlceJatim iteren, 
recitatiio supported by occasional chords only, in 
which the performance in free time; and (2) 
rccitafiro rofi arcovipagnamento or strommiato, accom- 
panied rec/itative, in Ahich the pcformance is in 
conqiaral ivcly strict time. “ t'lunhirt ye My people ’* 
(Harulers Memah) is a good example of botli kinds 
of recitative. 

Recorder. An instrument w'hich produces a 
recoid of its in«licati«)ns in some form of written or 
printed symbols. NVe alw Rkcoeding AMMETER, 
etc. 

Recording Ammeter, Voltmeter, etc. {Plect.) 
An instrument by w'luidi the value of a current, 
voltage, etc , i.> coutinuoiisly recorded on a drum or 
card. 

Recording Drum {Phf/s., cte.) A revolving drum 
coveied with paper or sonic otlior suitable surface, 
on which the iiulicalions of an in.Ntrument are 
iccordcd by means of a line whose distance from a 
fixed zero lino repn-sents the displacement of tl.e 
indiwiting poition of the insfniment, and therefore 
the value at any given instant of some quantity 
which it is desired to record. The dnim i.«i 
rotated at a known uniform rate by clockwoik or 
other means. 

Recovered Sulphur {Chewi.) See Chakob’s 

PROCKSa. 

Rectangle. A plane, four-sided figure, whoso 
angles arc all right angles. 



imc 


605 


BED 


Rectangular Components. See Besolution of 
Forces. 

Reote et Retro, Per (Mvaio), See Per Becte et 
Bbtro. 

Rectification {Chem.) Literally a second dihtilla* 
tioii. To rectify a liquid means to redistil it. Becti- 
fied spirit is alcohol which has been at least twice 
distilled ; it has a variable strength of from over 
80 to alK)ut 91 per c.ent. by weight of alcohol. 

(Meet.') The conversion of an alternat- 
ing current into a continuous or uni-directional 
current. 

Rectified Spirit. See Alcohol. 

Rectifier (Elect. Eng.) A machine or piece of 
apparatus for converting an filtemating current into 
a uni-diroctional current. A rectifier may be (1) a 
mechanical device of the nature of a Commutator 
(y.v.), or (2) a Botary Converter (q.v.). or (3) it 
may depend on some electrolytic ac tion, being then 
termed a Chemical or Electrolytic Bectipier. 
Electrodes formed by a pair of plates of aluminium, 
dipping into a suitable solution ic.g. ammonium 
phosphate) are" connected to the alternating current 
supply, when it is found that the current will pa.ss 
through the cell in one direction only. The current 
may he used for actuating an induction coil or even 
for charging accumulators. 

Reetilinear (Architert.) See Curvilinear and 
Perpendicular. 

Recto (Typoff.) The right hand page of a printed 
work. (y. VER.SO. 

Rectum (Zoology). The terminal portion of flic 
alimeutary canal communicating with the exterior 
by the anus. 

Red Bnildera. See Bricks. 

Red Crag (Geol.) A member of the Older 
Pleiocene Bocks which is typically developed in 
East Anglia. It contains a large number of species 
and individuals of fossil shells in a good state of 
preservation. The fonmation. as a whole, presents a 
ruddy aspect, which is due to the prescn«’e of iron 
oxide, probably arising from the alteration of Glau- 
conite. 

Reddle (Eng.) A mixture of red lead and oil, used 
to show which parts of two surfaces are in contact 
when brought together as closely as ywssible. The 
mixture is rubbed on one surface, and it marks the 
points of contact when the second surface is pressed 
or rubbed against the first. See Surfacing. 

(Min.) An earthy variety of Haiinatitc 

{q.v,). used as a pigment and as a iiolishing agent. 
See Haematite. 

Red Fog (Photo.) A reddish haze on a negative. 
Bed fog is very ajit to make i(s appearance during 
intensifying with silver nitrate if the solution is not 
kept ill motion, or if too little acid is present as a 
rcstrainer. 

Red Heat. Tlie temperature at wliicli a btxly 
emits a red glow. It varies within certain limits, 
but may be given as 71)0*^ to 800*" C. 

Red Lead (Chtm.) See Lead Compounds. 

or Minium (JJre.) An oxide of lead having 

an approximate formula of Pbj,0^ and a specific 
gravity of about 8*C2. It is of a bright orange 
or scarlet colour, and is made from metallic lead, 
which is heated in an open furnace, a current 


of air being passed over the molten lead, which 
absorbs oxygen, and is converted into litharge. Thia 
is ground to a line powder, and heated in the furnace 
a second time, when it absorbs more oxygen, and 
becomes (when cool) a bright red colour. The 
principal advantages of red lead have been thus 
summarised : It is inexpensive ; it forms a strong 
protective covering to the iron or woodwork to which 
it is applied ; it is very durable, resisting alike the 
action of frost, damp, and heat; it is remarkably 
adhesive ; it mixes well with linseed oil ; it has 
a powerful drying action on oil, and hence dries 
quickly ; it possesses good covering properties, and 
it may be mixed with, or applied over, any of the 
other pigments withont affecting them or being 
affected itself, with the exception of ultramarine, 
cadium jellow, and those yngments which contain 
sulphur. The disadvantages are .‘•tated by way of 
contrast as follows : Bed lead is quite inadmissible 
as a water paint ; it is influenced by sulphuretted 
hydrogen, and turns quite black under its influence ; 
it sets quickly ; it is somewhat difficult to work. 
The bright orange colour of red lead is sometimes 
objectionable. This may he avoided by mixing 
lampblack in a yiroportion not exceeding 1 oz. 
to the yioiind. AVlicn used as paint it must be 
mixed fresh every day, or even several times a day, 
as it sets so quickly. About a gallon of linseed 
oil is required to grind 100 lb. of red lead. For 
painting articles which are to be subjected to a 
good deal of rough usage and hard wear, such as 
agricultural implements, carts, waggons, etc,, red 
lead is generally used. It is also employed to con- 
siderable extent for a priming coat ( q . v .) on wood- 
work, being mixed with white lead. It should not, 
however, be used under white w^ork. The fact that 
it hardens quickly causes it to be used largely in 
various cements. See aUo Lead Compounds. 

Red Oils ( Chem. Terh.) Crude oleic acid, obtained 
in tbe manufacture of stcarine. 

Red Oxide of Copper (Min.) See Cuprite. 

Red Oxide of Zinc (Min.) See Zincite. 

Red Phosphorus (Chem.) See Thosphokus. 

Red Precipitate ( Chem.) A common name for the 
red form of mercuric oxide. See Mercury Com- 
pounds. 

Redruthite (Min.) See Chalcocitb. 

{Mining). See Copper Glance. 

Red Sandstones. See Building Stones. 

Redshort {Met.) A term applied to iron or steel 
which cannot readily be forged or rolled at or above 
red heat. It is caused by the presence of 0-2 per 
cent, of .‘^ulphur in wrought iron or steel; 0 5 per cent, 
of copper in the case of iron ; 0-2 per cent, of ariti- 
mony in either iron or steel. Pig iion containing 
0*3 per cent, of suljjluir invariably yields redshort 
steel by the Bessemer or Siemens processes. In 
steel 0'5 per cent, of silicon causes redshortness. 
Compare C’oLDSiioRT. 

Red Bilver Ores {Min.) Under this term are in- 
cluded PYIiARGYRITE and PROUSTITE { q . V .) 

Reduced Work {Bvild.) A wall the standard 
thickness of one and a half bricks. All walls are 
reduced to this thickness for the purpose of measure- 
ment. See Bod. 

Reducing Agents {Chem.) See Reduction. 
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Reducing Furnace {Met.) A furnace in which 
ores of metals are reduced, #.<?. the combined oxy^n 
is removed. A blast furnace is therefore a reducing 
iumace. 

Reducing Mixtures {Chem.) A mixture of two or 
more substancewS, employed to effect lleduciion (jq.v.) 
A substance capable of acting as a flux {q.v.) is often 
included in the mixture. 

Reducing Pipe, Joint, or Socket. A pipe or joint, 
etc., used to connect together two pieces of piping of 
different diameters. 

Reduction This process is the converse of 

oxidation (^.v.) It may consist in any one of the 
following operations : (1) removal of oxygen from 
a compound; (2) addition of hydrogen to a com- 
pound ; (3) changing an ** -ic ” salt to an “ -ous ” salt ; 
(4) replacing another element by hydrogen. Ex- 
amples: (1) when carbon dioxide ia passed over red- 
hot carbon it loses an atom of oxygen, 00^ + *= 

2CO. Many metallic oxides when Ijeatod with carbon 
or in a stream of hydrogen or carbon monoxide give 
up oxygen, and are reduced either to the metal or to 
a lower oxide ; tljus ferric oxide, cupric oxide, zinc 
oxide, stannic oxide, lead oxide all give the metal ; 
but the oxides of manganese are only reduced as far 
as manganous oxide, MnO. As an organic example 
the removal of oxygen from azoxybenzene (q.r.) by 
distillation with iron iilings may be given. (2) This 
may occur with or without resolution of the original 
compound into simpler ones. Aldehydes unite with 
hydrogen directly to form alcohols : 

R - C . + n R - C < H 

--OH 

ketones {q.v.) to form secondary alcohols. Aromatic 
hydrocar^ns and their deri\atives are frequently 
reduced by sodium and alcohol or by hydriodic ac*id 
to hydro-aromatic compounds ; for examples see vnder 
Naphthyla MINES and Phthalic A('ID. Hydra- 
zines are reduced by tin^and hydrochloric acid to 
amines and ammonia ; e.ff" 

CgH,. HX .NH, + 2H * CeH^XlI, + 

Pbenylbydrazine. Aoilino. 

(3) This change can be effected in some cases in the 
dry way, as when hydrogen is passed over heated 
chromic or ferric chlorides. It is commonly effected 
in solution when the reaction is un ionic reaction and 
the actual change consists in the removal from a 
positive ion of one or more quantities of electricity 
each equal to that carried by the hydrogen ion ; e.g. 
tVm reduction of ferric chloride solution by zinc and 
dilute sulphuric acid may be represented thus : 


can be reduced to 2-pyrrolidine, 



or to pyrrolidine — 





See Pybsole. Reagents which effect reductions are 
called reducing agents; they are, of course, substances 
which can themselves be somewhat readily oxidised. 
Examples of reducing agents are hydrogen, carbon, 
sulphurous acid, sulphuretted hydrogen, stannous 
chloride, hydriodic acid, sodium stanuite, zinc dust, 
aldeh} des. 

Reduction Factor {Meet.) If a unit current in a 
galvanometer produce a magnetic field of strength 
U, and H be the strength of the controlling field (due 
to the earth, control magnet, etc.) at right angles to 

this, the ratio » A is termed the Reduction Factor 

of the galvanometer. If the deflection 5 be pro- 
portional to the ourrent 0, then — AS ; in the case 
of a tangent galvanometer, C « A tan A See aho 
Galvanometebs. 

Reduction of Area. When a piece of metal is 
drawn out in a testing machine the area of its cr<tss 
section becomes reduced ; tbe amount of reduction 
whicii occurs before the specimen breaks is a good 
test of the quality of the metal. 

Redundant (Music). A term applied by some 
writers to augmented intervals. 

Redwood. See Woods. 

Reed (Carp, and Join.) A bead without a quirk. 

{Music). A thin piece of cane or metal 

which vibrates and produces a musical sound when 
a column of air passes it. Reeds are of two 
kinds — free reed, as in the harmonium {q.v.^ p. 442), 
and the striking reed, as in the organ p. 441). 
See also Reed iNSTStTMENTS, p. 431. 

( Weaving). A comb-like instrument with 

splits or dents of varying gauge. It is fixed in the 
loom sley, and serves three useful purposes, viz. 
(1) it maintains the warp threads in corresponding 
positions throughout weaving, and fixes the gauge 
or set of the cloth ; (2) assists in the beating up ; 
(3) acts as a guide when the shuttle is crossing. Also 
used in the preparatory pn>cesses for regulating the 
width of wrarp threads, Reeds were first made of 
metal by John Kay, the invent(;r of the fly shuttle. 
See Loom. 


+ = ++ = 

Zn T 2H -I- SO, = Zn + SO + H, 

Metal. Ion. Free bydrugen. 

+ + + - +-t- + - 

2Fe 6C1 + H., « 2Fe + 2II + GOT 
ion. 


<4) Common examples of this kind of reaction are 
the replacement of chlorine or oxygen by hydrogen ; 
e.g. methyl iodide is reduced by the zinc copper 
couple in presence of alcohol to methane ; trichlor- 
acetic acid in aqueous solution is reduced to acetic 
acid by potassium amalgam ; succinimide, 


CH., - CO 
1 

CH, - CO 



Reed Marks, Reedy ( Weaving). Defective streaki- 
ness warpways of the cloth, due to the threads rolling 
in the splits of the reed, particularly in mat weaves. 
They may also occur in the direction of the Tveft, due 
to the reed cutting the picks of weft. The reverse of 
“ cover ” {q.v.) 

Reef (Mining). (1) A lode or vein ; (2) the out- 
crop of a vein. 

Reel (Textile Manufao.) A skeleton cylinder on 
which yarn can be wound in 1 or IJ- yard lengths, 
for tbe purpose of ascertaining its counts (q^v.) 

(Paper Manitfao.) Apparatus for working 
up the dry paper from the machine into a reel, for 
use on BL Rotary printing press. See Typography. 
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ReeUng (^Cotton Manitfiic,') Winding the thread 
"by means of a reel from a ring bobbin or cop into a 
standard length, such as a ** lea ” or ** hank/' so as to 
be more convenient for dyeing purposes. Two forms 
of reeling are employee^ via, {a) straight reeling, 
ih) cross reeling. 

{Textile Manufao.') The operation of 

leeling and lianking the yarns. Woollen yarns are 
hanked on the 1 yard reel, worsted on both 1 yard 
and yard, and cotton on the yard. 

Reel of Paper {Paper Traded The form in which 
paper is supplied fur use on Botary machines. It is 
printed in continuous lengths. 

Refectory {Architect,) A hall in which meals 
were formerly taken. 

Reference Harks {Typ^g-) See Notes. 

Refined Iron {Met,) Virhite cast iron which has 
t>eeu partially deprived of its carbon previous to 
the process of puddling The process termed 

Befinino {q.v.) is dispensed with when the pig 
iron is converted into wrought iron by the process of 
ricf Boilings or Wet 1*uddling {q-v.) 

Refiner {Paper Manufae,) A conical shaped 
apparat us similar to the perfecting engine " used 
for beating pulp. 

Refinery. A place in which the processes of 
Befining {q.v,) are carried on. 

Refining. A term applied in a very wide manner 
to various purifying processes, e.g. the final stages 
in the manufacture of spirits, sugar, metals, etc. 

Refining of Iron {Met.) Pig iron is heated in a 
furnace resembling a cupol.'i, or small blast furnace, 
but with a number of tuyeres which jwint downw^ards 
towards the hcartli, so as to cause an abundant supply 
of air to play on the molten iron. A great deal of the 
carbon and most of the silicon arc oxidised and 
removed from the iron, which is tlicn run into 
moulds, suddenly cooled by water, and broken up, 
w'hen it is ready for Puddling {q.v. ) Sec aUo Iron. 

Reflecting Galvanometer {Elect.) Sec CjAlvano- 
31ETERS. 

Reflecting Telescope {Astron.) A telescope in 
which a mirror is employed for obtaining the primary 
Image. They take several forms, the chief of which 
is known as a Newtonian. 

Reflection {Phys.) If any disturbance, whether of 
the nature of wave motion or of actual motion of 
translation of matter, impinge UfK)n a surface which 
changes the direction of motion of the disturbance, 
and sends it back through the medium on the same 
side of the surface as that on which it was originally 
travelling, the disturbance is said to be Keflected. 
The surface which produces the change in direction 
is said to be a Beflectinu 6ubi*'ace. 

Reflection Grating {Phye.) Sec Diffraction 
Orating. 

Refracting TeleBCOpe {Astron.) A telescope in 
which a lens is employed for obtaining the primary 
image. 

Refraction {Phys.) If a disturbance pass from 
one medium to another, the direction of propagation 
generally undergoes a sudden change ; the ray {q.v.) 
is turned through an angle at the point where it 
meets the surface of separation of the tw'o media. 


This bending, or change of direction, is termed 
Befbagtion. The same term is also applied to 
other phenomena having a certain resemblance to 
the foregoing, e.g, the change in direction of the 
lines of flow of an electric current when it passes 
from any conducting medium to another of different 
conductivity, or of the lines of electric or magnetic 
fort'e in passing from one medium to another of 
different Specific Inductive Capacity {q.v,) or different 
Permeability {q.v.) respectively. 

Refractive Index {Phys. ) See Index of Befbac- 

TION. 

Refractometer {Phys.) An instrument for the 
measurement of the refractive index {q.v.) The 
Interference Befbagtometeb depends ux>on the 
interference of two beams of light, derived from 
the same original source, when a transparent 
medium is interposed in the path of one of the 
beams. 

Refractory {Met.) Applied to infusible substances’ 
such as fireclay, lime, etc., which are used as crucibles 
and furnace linings. 

Refrigeration. Cooling to a low temperature. The 
process is extensively applied to articles of food 
(meat, etc.) in order to prevent decomposition during 
transit. 

Refrigerator. (1) A cold chamber for storage of 
perishable foods, etc. (2) A machine for the artificial 
protluction of cold. On a large scale this result is pro- 
duced by allowing a compressed gas to expand rapidly 
in coils su: rounded by brine or air. Heat is absorbed 
and refrigeration effected. The compression of the 
I gas is effected by pumps driven by power, and the 
heat i^roduced by the compression is carried off by 
means of water jackets through which a continuous 
stream of water circulates. Ammonia gas or carbDii 
. dioxide is found to be very convenient for this use; 
after expansion, it is again compressed, and used over 
and over again with little or no loss of gas. 

Refuse, {a) Street. By Sec. 20 of the Public 
Health (London) Act, 18»1, it is the duty of tho 
Sanitary Authority to collect and remove street 
ref use, "defined by Sec. 141 to consist of dust, dirt, 
rubbish, mud, road .scrapings, ice, snow, and filth. 
{b) House. fcJec. 30 requires the removal by the 
Sanitary Authority, at proper periods, of all house 
refuse, "defined as ashes, cinders, breeze, rubbish, 
night soil, and filth, but does not include trade refuse. 
{c) Trade Refuse, that is, the refuse of any trade, 
manufacture, or biisine.ss, or of any building materials, 
must be removed by the Sanitary Authority at the 
request of the owner or occupier of the premises, 
and on payment of a reasonable sum for such 
removal (Sec. 34). [jl) Offensive Refuse. It is not 
the duty of the Sanitary Authority to remove such 
refuse, but the Sanitary Inspector shall serve a notice 
on the owner or occupier of the premises where it 
exists, requiring its removal. If within forty-eight 
hours the notice is not complied with, the Sanitary 
Authority may remove and sell or otlierwise dispose 
of it (Sec. 35). 

Regal, Regale {Archeeol.) A miniature reed-pipe 
organ of the sixteenth and seventeenth centuries . 
It was supported by the player, the bellows being 
manipulated by one hand" and the manual played 
by the other. 
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Regelation <^21eat\ If ice be subjected to pressure, 
tbo freezing point is lowered, and some of the ice 
melts. On the withdrawal of the pressure, freezing 
occurs again ; to the latter process the term 
llegelation is applied. 

Regenerative Furnace* A furnace in which hot 
waste gases are utilised to heat the incoming air, or, 
in the case of giisuous fuel, the mixture of air and 
combustible gases. They first pass through a chamber 
filled with of)cn brickwork, to which a large portion 
of the licat is given up; when the chamber is 
sufficiently heated, the air, or mixture of air and 
combustible gases intended to supply the furnace, 
is caused to pass through it, while the waste 
gases flow through a second brickwork chamber or 
REaEN£nATOii. Thus the air and gas entering 
the Regenerative Furnace arc already at a high 
temperature, and economy of working results. 

Regenerator {Met., etc.) The chamber of a Ec- 
gencrativo Furnace (#y.r.) It is filled with brickwork 
arranged as chequer work, i.e. with spaces bctw’een 
the bricks, so as to present a large amount of surface 
to the gases. 

Register ( 2)tpog.) Accurate adjustment in printing 
tlic second side of a page, or the re-iteration” of a 
sheet, as it is sometimes termed. Tcrfect registration 
is necessary in order that the margin of the pages 
may be exactly even when the sheets are folded. 

In colour printing, the absolute agreement of two 
formes which is uecessar. ' Nvhen one colour is imposed 
on another. 

Register Sheet {Typog.) The sheet or sheets of 
paper used in making register, usually of a c.otiiraon 
quality when the paper on which the work is to be 
printed is expensive. 

Register Stove {Build') A .stove with an iron 
flaj), tlie llEQiSTUB, placed over the opening of the > 
flue, which it serves to close. 

Reglet {Architect.) A flat, narrow moulding used 
to separate larger mouldings, or to form frets, etc. 

{2)fpog.) A kind of furniture (^.r.) made 

of wood, and of equal thickness all its length. It 
comprises all sizes up to “ narrow ” or three line 
pica. 

Regnardant {Her.) Looking back. See Lion 
IlEfiUARDANT. 

Regulator Yalve {Eng.) A valve, controlled by 
the driver, which regulates the supply of steam to the 
cylinders of a locomotive. 

Regulus (^Met.) A mass of partly smelted ore or 
partly purified metal. 

Reheating {Met.) The process of heating steel 
ingots in the mill furnace before rolling. It is often i 
avoided by the use of Soaking Pits { q . r .) 

Reichardlte ( Oeol.) A mineral found in tlie 
Ca'^ualite region of Stassfurt. Composition : MgSO^, 
48- 7K jjer cent. ; H..O, 51*22 per cent. 

Reimer'B Reaction ( Chem.) A general reaction for 
the intrfjduotion of the aldehyde group into certain 
classes of aromatic compounds, especially phenols. 
For example, when phenol, chloroform, and an 
aqueous solution of caustic soda, are boiled together 
under a reflux condenser a mixture of ortho- and 


para-hydroxybenzaldehydes is obtained, the former 
of which is volatile in steam — 

” OH OH 

0 -- 0 

CIICI, 

oh’ on 



other phenols can be used in place of ordinary 
phenol ; for instance, if guaiacol is used, vanillin can 
be obtained. 

GIT OH 



CHO 


Guaiacol. 



Quite analogous is the formation of parahydroxyben- 
zoh? acid (with a little of the ortho-corn ^wund) by 
boiling pherud with carbon tetrachloride and alco- 
holic potash). 


OH on OH OH 



t;CL c(OH\ 

Reins {Fug.) A term Bometimes applied to the 
handles of a blacksmith^ tongs. 

Reiteration {Typoy.) The term applied to the 
“ second ” side of a idioet that has to be printed. 

Relative Humidllcy < Meteorol.) See Fraction of 
Saturation. 

Relative Minor {Muxic). A key having the same 
signature as the ndative major, but whoso tonic or 
keynote is a minor third lower, e.y, A major, n 
minor. 

Relay {Elect.) A device consisting of an electro- 
magnet through wdiicli a feeble current passes, 
cau'^ing the magnet to actuate a sw’itcli or contact 
maker by which another (and usually more powerful) 
current is turned on. The latter current, which i.H 
sup}»Ued by a local battery, acts on any required 
apparatus, r.y. a telegraphic receiving instrument. 

Release {Eng.) The opening of the exliaust ])ort 
of an engine cylinder to allow the escape of tlie 
steam or other gas at the end of the stroke. 

Relief (-4 r/). (1) Iq painting, the apparent pro- 

jection obtained by modelling, or the gradation of 
umes or tints. (2) In Sculpture, the projection of 
figures beyond the ground or plane on which they are 
formed, e.g. alto-relievo, basso-relievo, raezzo-rclievo 
(//.«.) (3) In architecture, the projection of mould- 
ings and systems of ornament from the surface of a 
wall or facade. 

Relief Printing {Typog.) A term used to dis- 
tinguish letterpress from lithographic or plate 
printing. 
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Relteyiag iJfuiZd.) See Dischahoing Abgh. 

Relijioio In a devotional manner. 

Reliquary* A depository or casket in which relics 
are preserved ; a shrine. 

Relnetance {Elect,) See Magnetic Reluctance 
and Magnetic Oibcuit. 

ReiHMience {Elect,) The property possessed by a 
magnetic body (c,g, iron) of retaining a certain 
amount of magnetism after the original magnetising 
influence has ceased to act. 

Removes {Typog,) A term used to express the 
gradations between type of difEerent sizes. 

Renaissance (Art, etc,) The period of transition 
from mediaeval to modern times. In Europe this 
occurred between the beginning of the fifteenth and 
the end of the eighteenth century. 

Renaissance Architecture. Tlic revival of the 
use of classic forms which was one of the results of 
an intellectual movement beginning in Italy during 
the thirteenth century is known as the Renaissance. 
Even in Italy, however, it was not until the fifteenth 
century that Kenaissan<'e art assortc'd itself. The 
decline of the Rcuaissan(^e in Italy began with the 
Raroque period, 1550 — 1600 A.D., and the Italian 
Renaissance ended with the Rocjoco style, a vulgar 
and debased architecture which obtained during the 
seventeenth century. English architecture began to 
show signs of the Renaissance in the Tudor period. 
The Tudor style obtained during the first half of the 
sixteenth century, and can be looked upon as a 
period of transition. In the Elizabethan period (1558 - 
160il) the pointed arch is no longer used, and the 
orders are introduced as ornamental features. In the 
Jacobean style (1603—1625) classic details are more 
in evidence. Inigo Jones and Sir Christ/)pher Wren 
were responsible for the princijjal buildings which 
were erected during the period in wliii h the classic 
style — for which (Juthic architecture made way at 
the close of the Jacobean period — obtained. 

Render Tech.) To extract and refine the 

fat, etc., from animal tis.sues by heat. 

Rendering {Plaetering), The first coat of plaster 
laid on a brick wall. 

Rennet. A preiiaration of the mucous membrane 
of the sUimacIi of a calf : used to produce coagula- 
tion of milk in making cheese, etc. 

Rep {Silk Manufao.) A corded silk fabric 
showing a bold rib. Made with a binder warp in 
a<ldition to the ground and with two shuttles, one 
earning a coarse round thread of worsted or cotton, 
the "other a fine thread or divider. If made face 
upwards the whole of the ground warp is rai.sed fox- 
coarse shoot, 1st pick, and the whole of the binder 
cane for divider, 2nd pick. 

{Texiile Mannfac.) A worsted, cotton, or silk 

fabric iu which there ai*e lines formed across the 
fabric, and in which only the warp shows on the face. 

Repeat {Mnsic), This is indicated by dots placed 
at a double bar : 



and aignifies that the section on the side of the 
doable bar on which the dots occur is to be played 
twice. In: the performance of the minuet or scherzo 
it is customary to omit the repeats in the Da Capo 
{g.v,) after the Trio, 


Replaeing Switch {EngJ) A device with an 
inclined plane by means of which derailed cars ai^ 
placed upon the rails again. 

Repleniahev {Elect,) A small electrostatic' 
machine for charging the needle of an electrometer 

Replioa {Art). A facsimile of a work executed 
by the artist who produced the originaL C/. Copy. 

{Mude), Repeat. Senza replica, withoat 

repeats. See Repeat. 

Repose {Art), The term is applied to a work of 
art the details of which are well balanced and in 
harmony, no one feature unduly attracting the 
attention of the observer. 

9 Angle of {Phys., etc.) The maximum 

angle at which any surface may be inclined without 
causing a body which rests on the surface to com- 
mence to slide down is termed the Angle of Repose. 
The term is commonly applied in practice to the 
maximum angle of inclination of the sides of a heap 
of loose material {e.g, earth, sand, etc.) 

Repousse. A style of decoration effected on metal ' 
work by beating the metal on one side with a 
hammer until a rough imago of some desired figure 
or design vs produced, which is then cliased {q.v,) 

Representative Fraction. See Scale Drawing. 

ReredoB {Architect,) The screen or wall panelling 
behind an altar in a church. 

Reseau {Agtron.) A network of lines forming 
small stpiares impressed on a glass plate. Used 
extensively iu phot(»graphic star charting. 

Reserve of Buoyancy (Phye., etc,) When a body 
floats in a liquicl, and is only partially immersed, it 
is said to have a Reserve of Buoyancy. Fnither 
immersion can only be effected by the application of 
additional forc.c (at^ting downward), and this force is 
opposed by an increased upward force due to the 
extra displacement of liquid. 

Reservoirs ( Civil Eng.) For the storage of water 
are made by excavation or embankment, the floor and 
sides being lined with concrete or w'ell puddled clay. 
Service reservoirs should be covered and ventilated* 
and the water from the supply reservoir passed 
through filter beds of sand before entering the service 
reservoir for distribution. They should be placed on 
as high ground as possible to give a sufiicient pressure 
of water, so that the supply may be assured by 
gravitation ; otherwise the water must be raised by 
pumping. 

Residual Charge {EU^ct.) A small charge re- 
maining in a Leytlen Jar or other condenser after it 
has been discharged. 

Residual Gases. The gaseous products of com- 
bustion, together with any unburnt and incombustible 
gases, which remain in a gas engine cylinder or the 
bore of a gun, etc., after explosion. 

Residual Magnetism {Elect.) The magnetism 
which is retained by iron, etc., after the magnetising 
force has ceased to act on it. 

Resilience {Phgs,) In general language the re- 
action of a body against a force producing dis- 
tortion : in scientific terminology, the work expended 
in producing a given strain. This work is stored np 
in the body and can bo recovered if the stress has 
not been increased beyond the elastic limit. The 
term Resilience is frequently restricted to the 
maximum amount of work which can be stored up in 
a strained body withoat exceeding the elastic limit. 

39 
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Resilience be the stress when the elastic 

limit (^.v.) is reached, E the coefhcient of elasticity, 
and V the volume of the body, then the Resilience 

s= J V. The quantity ^ is termed the Modulus 
E it 

OF RissiLiBNCE, aucl p the Proof Stress. 

Resin or Rosin A preparation obtained 

by disaolvinfc ordinary rosin and straining it 
thoroughly. The best is made from Venetian tur- 
pentine, should be quite transparent, and when 
crushed not sticky. It is rubbed on the hair of 
stringed-instrument bows to facilitate the setting 
of the strings in vibration. 

Resins. It is very difficult to define a resin. It 
is undoubtedly an exudation from the trunk and 
limbs of trees, existent or non-existent ; but these 
exudations vary so much in all their properties that 
the terminology of them is wide, complicated, and 
in many cases contradictory. On the whole, it seems 
advisable to adopt the definition to be presently 
given, and to be guided by it in the subsequent 
remarks. The literature of the subject is scanty, 
and is the work of writers who liave o\acied the 
difficulty of definition. We propose to define a resin 
by three properties, as follows : 

(1) It is a vegetable production. 

(2) It solidifies after exudation from the tree. 

(3) It is insoluble in w-iter, but soluble in various 
organic liquids, such as chloroform, alcohol, oils, etc. 

The second of these three essentials serves to 
establish a distinction between resins and balsams, ! 
such as copaiba and tolu, which are very closely 
related to the resins, and may, in fact, be regarded 
as substances intermediate between them and tiic 
essential oils. The third separates the re.sins from 
the gums proper, e.g. arabic and tragacaulh, which 
are also vegetable exudations. The difficulty of the 
subject is well shown by the frequent use of tiic 
term ** gum resin " and by the fact that the German 
word guTtimi means gum and also indiarubber, which 
may be regarded as a special kind of re.«iin. In fa< t, 
there is a regular gradation from hard resins to soft 
resins, oleo resins, balsams, and essential oils ; but 
with such small differences that it is practically 
impossible to draw any but arbitrary lines of demar- 
cation. There is little doubt that the essential oils 
are the original material from which Nature has 
elaborated the balsams and resins by processes at 
present imperfectly understood, and therefore they 
cannot yet be reproduced artificially. There s<jems 
to be a strong probability that the action of atmo- 
spheric oxygen has played a c<jnsidcrable part in 
their formation, and that this formation has much 
analogy with the phenomena attending the solidifi- 
cation of a drying oil ; but the fact remains that very 
little is known about the mutter. The oxidation 
llioory was, in fact, suggested by the behaviour of 
drying oils. Resins are classified as hard and soft, 
fossil and recent. The Hard Resins, generally 
speaking, are also the fossil resins. The term fossil 
(dug up) docs not necessarily mean that the resin 
won from the ground is the product of trees now 
extinct. It may be that this is sometimes the case?. 
Amber, for instance, is probably the product of 
extinct trees. Nevertheless there are places, e.g. in 
New Zealand, where fossil resin is dug up on the 
|ites of perished forests, and this product is indis- 
tinguishable from the fresh resin obtained from 
living trees in other parts of the country. The 
chief bard resins are amber and copal. Amber is a 
fossil resin from an unknown tree. It was formerly 


dredged up on the southern shore of the Baltic, 
being washed by the waves from the submerged 
sites of ancient forests. Most of it is now, however, 
obtained by mining. It is u.sed in fancy work, 
especially for the mouthpieces of pipes and cigar- 
holders, and for making tlie best and most expensive 
vaniishes. Beads, too, are made of it. Its Greek 
name, Electron, has given us the word electricity, 
because it would seem that electrical attraction 
was first noticed in a piece of this substance which 
had been subjected to friction. Copal comes from 
various trees. The best resins, those of Zanzibar 
and Mozambique, arc the products of the gums 
Trackylohiuni, Thrse give the hard copals. Animi 
or Indian copal, also knowm as Manila copal, is a 
softer resin, produced by Valeria Indica, The dif- 
ference in nomenclature is geographical and com- 
mercial rather than a distinctiuii of intrinsic value. 
Kauri or New Zealand copal is both a fossil and a 
recent rosin. The African copals are dug up from 
depths of 3 or 4 ft. in districts from which the trees 
of their origin have entirely disappeared or perhap.*} 
l>ecome totally extinct ; but in New Zealand we have 
the Kauri gathered from the living trees in one place 
and dug out of barren soil in another. Fossil copal 
has been dug out of the London tertiaxies at High- 
gatc. South American copal is a soft copal like 
animi and manila, but from a different tree, riz. 
Ilynientea coubariL Dammar is practically equiva- 
lent to Kudri copal, and the difference in nomen- 
clature is geographical only. J>ammara angtralis is 
the tree responsible for both sorts. Alive it produces 
dammar. Kauri is the legacy of dried resin left 
behind by former generations of the same tree. It 
sht>uld be noted that the name Agathis is in some 
hooks substituted for the older namo Dauimara. 

I These hard resins have the curious property of re- 
quiring to be heated before tl ey can be dissolved 
in oil and turpeutine for varnish making. “ Copal 
running,” as tlie process is called, requires a fairly 
high temperature, and yields a distillate containing 
substances of some value, although the vapours arc 
usually allowed to escape into the open air. The 
only Soft Resin calling for nrtice is tlie chief of all 
the resins, and it lends itself to a larger variety of 
uses thau its congeners. While other resins are 
restrictefl in their use to the making of varnishes, 
rosin (pine tree resin), while doing good service to 
the varnish maker, is largely used as a cement and 
for the preparation of rcsinates. It makes, like 
shellac, an excellent medium for stopping leaks in 
china and earthenware vessels. Shellac, which is 
largely used for stopping up cracks in jugs, teacups, 
etc., as it will stand hot water, is distinctly inferior 
to rosin for the purpose. Colophony, or rosin, is the 
coagulated exudation obtained from cuts in the bark 
of trees belonging to several sfHScies of Tinus, largely 
grown in America and on the west coast of France. 
The crude resin yields on distillation oil of turpentine 
first and then a mixture of liquids of higher boiling 
temperature known as rosin oil. This oil is largely 
employed in making the cheaper varnishes, lamp- 
black for printers’ ink, and also, in some places on 
the Continent, illuminating gas. It is not used, 
however, for this last purpose in Great Britain, 
although very higli illuminating power is claimed for 
the gas. The final residue of the distillation is 
pitch, which is used for caulking seams and for 
waterproofing the inside of casks. It must not be 
confounded wdth coal-tar pitch. Colophony is 
largely used for varnish making, for making violin 
bows grip the strings, as a flux by plumbers in 
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soldering, for filling soaps, and for the preparation 
of lesinates. All cheap varnishes contain colophony, 
and one of the “ copal varnishes, for which high 
prices are charged, contains little else except the 
solvent. The use of rosin in soapmaking is one of 
its most important applications. Boiled with an 
alkali, it produces an alkaline resinate, which has at 
least this much of a soap about it, that it lathers 
well. This circumstance, together with the fact that 
rosin is much cheaper than soap, has naturally drawn 
the attention of soap boilers to it. The alkaline 
resinates have, however, a much more legitimate use 
as a raw material for the preparation of the resinates 
of heavy metals, such as manganese and lead. These 
resinates have an extended application in the manu- 
facture of driers and of paints. Wc may conclude 
with a brief notice of Lac. This does not conform 
altogether to the first requisite of a resin as defined 
alx)ve, since, although it is primarily a vegetable 
substance, it is worked up and secreted by an insect ; 
still it has a close connection with the true resins. 
The products of the lac insect are ])urificd first to 
seed lac and finally to shell lac (shellac). Hpirit 
varnishes are made from it and also French polish, 
and it is the chief ingredient of sealing wax. It is 
the only animal product which conforms to the 
second and third requisites of a resin. — A. S. J, 

Resist. A substance or composition which is tem- 
porarily applied to certain parts ^ of the surface of 
another substance to prevent an acid, dye, mordant, 
etc., from affecting those parts, c.g. the wax applied 
in a thin coat to glass prc\'ious to etching. See 
0 LA 38 Manufacture. 

Resistance ( A'M.) The ratio of a constant electro- 
motive force to the steady current produced by it in any 
conductor is termt^l tie Electrical Hesistakce 
of the conductor. If the length of a conductor be I 
and it.s area of cross section a, then its resistance E 

is given by the formula E = o’ If I and a are each 

a 

unity, then <r is the resistance of the conductor. It is 
termed the Specific Besistance. 

(Eng,') That which opiJoses the action of a 

force ; it is therefore a force itself. The term is 
af>plicd especially to frictional forces. 

, Heasurement of (Elect.) The measure- 
ment of the electrical resistance of a conductor is 
affected in practice by com) prison with a known 
resistance. The principal methods by which this 
comparison is made arc us follows : (1) Method of 
Substitution : The unknown resistance is con- 
nected in scries with a cell or battery of constant 
electromotive force and an ammeter or a galvano- 
meter, by which the current wliicb flows through the 
circuit can be measured. Let X be the value of the 
resistance, £ the E.M.F., and C the current, S 
the resistance of the rest of the circuit. Then by 
Obm*s Law’ (7-r.) 


An adjustable resistance or set of resistances is now 
substituted, and its value adjusted until the current 
has the same value as before. Let E be this 
resistance. Then 


But as the current is unclianged in amount^ and £ is 
constant, X + » E + iS or X = E. If E cannot be 


adjusted to give the same current, the values C| and 
C, of the current must be observed ; then 

E 

c, _ x + s __u + s 
C* “ E * x + S 
E + 

To find X in terms of E it is now necessary that 6 be 
known. In the application of tliis method to the 
comparison of very high resistances, wUcb is its 
chief practical use, the value of B is very small com- 
pared to B and X, and in this case 
Ci^E 
C., X 

(2) Method op Fall of Potential : If C be the 
current in a conductor of resistance R, the difference 
of potential E, between the ends of the conductor is 
CE. If the same current flow through another con- 
ductor of resistance X, the difference of potential 
E.,isCX. Thus 

Cli e’ e 

The known and unknown resistances arc connected 
in series with each other and with a constant battery ; 
the differences of potential Ej and ^ observed by 
means of a voltmeter or a high resistance galvano- 
meter. This method is used for the comparisoh of 
very small resistances. • (3) Measurement by 
Wheatstone's Bridge : This is the method which 
is used in practice for the measurement of the great 
majority of resistances ; the form known as the Post 
Office Box can be used for measuring resistances 
fiom *1 ohm ld 1 ,000,000 obms, though the extreme 
range is not used when considerable accuracy is 
required. The method is described under Wheat- 
stone’s Bridge ( q . v .) 

Resistance Coil (Elect.) A coil of insulated wire 
whose resistance has been ad j usted to a stated value. 
In forming the coil a wire whose resistance is some- 
what greater than that of the finished coil is first 
doubled in the middle, bringing tlie two ends together. 
The doubled wire is then wound on a reel, and the 
resistance measured, the wire being shortened until 
tlie proper value is attained. The ends are then 
connected to terminals placed on the top of the reel, 
and the whole enclosed in a suitable case. 

Resolution (Mune). A term applied to the proper 
and satisfactory progression of discords (g.v.) 

Resolution of a Force. Finding the magnitude 
and direction of two or more forces such that their 
resultant (g.e.) is identical witli the force which is 
being resolved. The separate forces, which may be 
substituted for the given force, are termed its Com- 
ponents. If they are at right angles to each other, 
they ai-e termed Rectangular Components. If / 
be the given force, and d the angle which one com- 
ponent makes with the original force, then the value 
of this component is f cos 0 ^ and tliat of the other 
component at right angles to it is/ gin $. 

Resonance (Plfye.) If any body (or system of 
bodies) be acted upon by a succession of impulses or 
vibrations, which recur at intervals corresponding 
to its own natural period of vibration, it will itselfilR 
be caused to vibrate. This is termed Resonance. 
The phenomenon is very easily observed in the case 
of sound: e,g. a stretched string is readily set in 
vibration if a note of the same pitch (frequency) as 
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its own fundamental tone be sounded in the 'licinity. 
Resonance is often made use of in the detection of 
vibrations which are too feeble to be detected by the 
unaided ear. 

Resonant. As applied to substances, e.g. por- 
celain, metals, etc., indicates that they give a ringing 
sound when struck. 

Resonator {Phys,) An object used in the detection 
of vibrations by Resonance (^.r.) In acoustic experi- 
ments, hollow vessels of approximately spherical form 
are often used, as their overtones are not readily 
produced, and therefore they resound to their funda- 
mental tone only. 

Resorcin (Chem.) 

C.OH 

(Metadihydroxvbenzcne.) 

HCs^C.OH 

CH 

A white solid crystallising in needles or plates : 
melts at 118®; boils at 277®; soluble in water, 
alcohol, ether ; insoluble in chloroform ; tastes sweet ; 
it is a powerful antiseptic, and is used in medicine in 
some skin diseases. Ferric chloride gives a dark 
violet colour with a solution of resorcin. Reduces 
boiling Fehling*s solutiou and boiling ammoniacal 
silver nitrate. With bromine water it forms tribrom- 
resorcin (MP 111°), which is insoluble in water (basis 
of method for estimation). Fused with caustic soda, 
it gives a G5 per cent, yield of pbloroglucin, a little 
pyrocatechol and tctroxydiphenyl. Heated with 
phtbalio anhydride alone or with a little sulphunc 
acid, it forms fluorescein (< 7 .t?.) ; other dibasic acids 
give similar compounds — e.g. succinic and tartaric 
acids. Heated with nitrobenzene and concentrated 
sulphuric acid at 170°, it gives Resorujin 
O 

N 

which forms small brown needles, which dissolve in 
alkalis with a crimson colour showing scarlet fluor- 
escence, and on bromination form Resorcin Hue^ 
which is tetrabromresorufin — a dye giving blue shade 
with brown fluorescence on silk and wool, also 
under Lacmoid. Resorcin is obtained when certain 
resins, especially asafustida and galbanum, are fused 
with caustic potash. It is also obtained wlien many 
meta-disubstituU'd benzene derivatives are fused w'ith 
caustic soda ; also from some ortho- and j)ara-deriva- 
tives. On the large scale it is made from benzene 
by heating with fuming sulphuric acid to form meta- 
benzenedisulphuric acid, which is made into the 
calcium salt with chalk, then into the sodium salt 
with sodium carbonate, — the sodium salt is fused 
with caustic soda. From the a<]ucous solution amyl 
alcohol dissolves out the resorcin. 

Resorcinol (^Chem.) See Resorcin. 

Respond {Arddtect.) A half pillar attached to a 
wall and siip{)orting an arch. It usually occurs at 
each end of a range of pillars. 

% Rest {Eng.) A support for a tool, especially a 
turning tool. Sec HAND Rest, Slide Rest, etc. 

{Muide). A sign indicating silence. There 

is a rest corresponding to each note and. having 


exactly the same time duration as that note. The 
foUowing is a list of rests with the respective shapes: 


T 


The Lar^e The X.ong. The Breve, 

or Maxima. 




' 


1 

— 


M 1 


. 




; " 1 

_ _i 


The Bemibrove. The Minim. The Crotchet. The Quaver. 



The Semiquaver. The Demi* The Hemidemi- 

semiquaver. eemiquaver. 


In modem music it is usual to mark rests of more 
than two bars’ duration thus, placing the number of 
bars over : 

17 



The semibreve rest is used for a complete bar’s rest 
in either triple or common time. 

Restitution, Coefficient of {Mech.) If two elastic 
spheres collide, their relative velocity after impact 
bears a certain ratio to their relative velocity before 
impact : this ratio is termed the COEFFICIENT OF 
Restitution. 

Restrainer {Photo.) Sec Retardation. 

Restraining {Photo.) See Retardation. 

Resultant. The Resultant of a system of forces is 
that single force which, when acting alone, produces 
the same effect as the separate forces, so far as 
regards the motion of the body which is acted on. 
(It docs not follow, however, that the resultant will 
pro<luco the .same stresses in the body as the separate 
forces do.) The resultant of two velooitio.s, accelera- 
tions, or other vectors {q.v.) obtained in a manner 
similar to the resultant of two forces. 

Retaining Rings {Eng.) Flange rings used to 
bind together tlietyre and the central portion of rail- 
way wheels when built with wooden bodies. 

Retaining Wall. A wall built to resist the 
pressure ol earth or wat,er. 

Retardation. In general the checking or slowing 
down of any movement, or the application of a force 
or other agent which causes such cliecking. 

{Mitsic). A term applied by some musicians 

to snspcn.sions which resolve upwards instead of 
downwards. Sec Bubpensions. 

or Restraining (Photo.) Causing a de- 
veloper to act more gradually than it would other- 
wi.se do, by the addition of some substance {e.g. 
potassium bromide), which is termed the llEBTRiilNEE 
or Retarder. 

Retarder {Photo.) See Retardation. 

Retarders {Eng.) A flat strip of metal twisted 
into an elongated spiral, and placed in boiler tubes 
to increase the heating action of the furnace gases 
and break up the “steam lines.” Kometimes they 
are made of fireclay ; there are various patented 
forms. 
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Retudiag OoU iEUet.) A choking or impedance 
ooih 

Ratlonlated* Resembling network, having lines 
or veins crossing like a net. 

Ratlenlated Traoevy {Architect.) A form of 
tracery resembling network, used in the windows of 
the Decorated period of Gothic architecture. 

Retort {Chem-.f Mtt.t etc.) A vessel in which a 
substance is heated in order to cause a volatile con* 
stituent to bo given ofE so that it may be con- 
densed and separated from the original body. 
Retorts arc made in a great variety of forms and 
many different materials, according to the purpose 
for which they are intended. 

Retorted (//«r.) intertwined frettewise. Branches 
of trees aie sometimes thus blazoned. 


Retouching (Art). A modification or improve- 
ment carried out in a work of art. An alteration 
made to a photographic cliche to remedy the 
modelling. 

Retro^ade Motion (Attron.) The apparent 
westward motion of planets wliich occurs periodically, 
owing to the movements of the earth and the planet. 

Retting or Rotting (Lhum Mannfac.) The 
term applied to the process of steeping the flax 
stalks in water. This dissolves out the gummy 
matter which surrounds the fibre and enables the 
bone ” of the plant to be broken up and dispersecl 
in the process of scotching, without causing any 
unnecCsSsary waste of fibre. ti(‘e Linen Manu- 
I'ACTUBK. * 

Return (Architect., etc.) A change in direction 
of a moulding such as that frequently used in the 
termination of a hood mould (q.v.) 

(PJvmh.) The pipe in which the water 

returns to the lK)iler in hot water circulation. 

or Point Pass (Textiles). Sec. Entering. 

Returned Bead (Carp, and Join.) Bead work 
on the side and edge of the same angle. 

Returned Nosing (Join.) The moulding turned 
round the end of a stair tread. 


Reuleaux’s Yalve Diagram (Eng.) See Valve 
Diagrams. 

Reveal (Jivild.) The portion of the surface of a 
wall in an opening or recess 
(e.g. a door or wdndow) between 
the edge or arris and the 
structure (e.g. w-indow frame) 
placed in the recess. In the 
case of a window in an 
ordinary brick building the 
reveal is usually or 9 inches 
wide. 

Reverberatory Furnace. See 

Furnaces. 

Reverse Chains). The back of a coin or medal, 
i.e. the side opposite to the face or obverse (q.v.) 



Reversed Faults (Oeol.) 
inclination of 
the plane of the 
fault is usually 
only a small 
number of de- 
grees from the 
vertical, and is 


a normal fault the 



Bevsksed Fault. 


** forward at the foot,” or advances in the direction of 
the downthrow side of the fault (see b, below). In a 
reversed fault the inclination or is in the 

opposite direction, so that a vertical shaft cutting the 
fault would pass twice through the same bed of rock, 
on either side of the fault, as at a. 

Reversed Mould (Foundry). A kind of pattern 
made in metal or plaster, and used for producing 
a number of moulds when numerous similar castings 
are required. 

Reverse Jaws (Eng.) Jaws on a lathe chuck 
which can be used for holding a ring or hollow 
cylinder, contact being made by the jaws with the 
inside of the ring, and the jaw's moved outward till 
the object is firmly gripped. 

Reversible Engine (Phys.) A perfect engine” 
(q.v.) is said to be reversible, for the cycle of 
operations can (theoretically) be worked backwards. 
In this case the engine will take a quantity of heat 
H (measured in mechanical units) from the receiver 
or cool body, which is at a temperature 0^ a certain 
amount of work, W, will be converted into an amount 
of heat h, and the larger amount of heat H + A will 
be given up to the hot body or source at a temperature 
0^. The ratio of work and heat is the same as in 
the case of the same engine when converting heat 
into work, viz. 

W 6, - 0 , 

W + A ” 

Reversible Reactions (^Aam.) Reactions which 
may go, according to the conditions of experiment, 
ill either direction. Thus, if sulphur dioxide is 
passed into water containing iodine in solution, we 
get the reaction 

+ 2H.p + I, = + 2HT. 

But if strong sulpburic acid is added to a strong 
solution of hydriudic acid, wc have the reverse of the 
above reaction — 

H,SO, + 2HI = SO, + 2H,0 + I,. 

Such reactions are usually ivritten — 

SO, + 2H.p + 1, ^ U.SO* + 2HI. 

They arc very numerous, and play a very important 
part in chemistry. See Dissociation, Mass Action, 

J’HECIPITATION. 

Reversing (Eng.) Changing the direction of 
revolution of an engine or other mechanism. • 

(Moulding). Making an ordinary mould from 

a Reversed Mould (q.v.) 

Reversing Back (Photo.) A frame (carrying the 
dark slide) which can be fixed to the camera in a 
horizontal or vertical position. 

Reversing Countershaft (Eng.) A shaft from 
which a machine can be driven either by an open 
or a crossed belt, thus allowing the direction of 
rotation to be reversed. 

Reversing Engine (Eng.) An engine which can 
be reversed, usually by IJNK Motion (q.v.) Loco- 
motives, marine engines, etc., .are almost invariably 
fitted with this gear ; factory engines are not. Gas 
engines and steam turbines cannot, as a rule, be 
reversed by any form of valve or ether g^ar. 

Reversing Gear (Eng.) Any mechanism for 
versing the direction of rotation. In engines iF 
usually consists of Link Motion (q.v.) or a Loose 
Eccentric (q.v.) ; in other machinery, of belts and 
countershafts or of trains of gear wheels. 
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ReYersinj Layer (^Attran.') A thin stratum of a 
gaseous envelope lying just above the photosphere 
of the sun, the absorption of which is supposed by 
some astronomers to give rise to the Frauenhofer 
lines. 

Reverging Link {Eng.) The slotted link used in 
Link Motion (j.e.) 

ReYise (Tyjtog.) An impression of a forme taken 
for the purpose of seeing that all corrections have 
been made, etc. See IIeadeb. 

ReYolntion {Astrvn.) The motion of one body 
round another, like the earth round the sun. 

ReYolYing Boiler {Paper Manvfae.) An apparatus 
used for digesting or boiling rags or straw. 

ReYolYing Flats {Cotton Spinning). A series of 
slowly travelling bars on a carding engine, covered 
w-ith wire filleting on their surfaces for the purpose 
of carding and cleaning tlie cotton as it goes over 
the large cylinder. Their travelling or revolving 
motion is for the purpose of subjecting a number 
of them in turn to a strip] )ing process whilst the 
others are in action, Hy this means tlie filleting is 
always kept free from dirt, fluff, ct(;. 

RevolYing FurnsLce {Met.) A furnace containing 
either a flat circular hearth, rcvohiiig about an axis 
whi*:;h is vertical or nearly so, or else having a 
tubular body, rotating about a horizontal cjr slightly 
inclined axis. Such" furnaces arc used iu various 
processes for puddling or for steel manufacture. 
They are little used in this country. 

Rh {CJiem.) The symbol fur IliioDlUM (y.e.) 

Rhastlc Beds (Geol.) A geological formation of 
marine origin and of small thickness in Biifain, 
which occupies a position bctw'een the base of the 
Lias and the lop of the New Ketl. It is character- 
ised nearly everywhere by the fossil raolliKsca 
Avicula amtorta, Cardivm rhteticumy and Peeten j 
valoiiieusis. In the IMixetic Al])s this formation 
attains to a much greater thickness. 

Rhanmose {Chem.) (’IT, . (CnOH),. CHO (Iso- 
dulcite). A sugar which crystallises with one 
molecule of w’atcr in shining nionoclinic crystals 
which show triboluminescencc. On heating at 100° 
it loses its water of crystallisation, and on prolonged 
heating at this temperature forms an anhydride; \ 
soluble in water, also soluble in alcohol, but much j 
less so than in wat<;r ; its solution is dextrorotatory, i 
but wdieii quite freshly prepared its solution is lajvo- I 
rotatOT}^ becoming dextrorotatory afteT about nine j 
minutes. lUiamnosc does not undergcj alcoholic 
fementation. It reduces Feliling's solution and 
ammoniacal silver nitrate ; on reduction with sodium 
amalgam it yields the corresponding alcohol (Rhaiu- 
nite), CH,(CIIOII)/lIl 5 jOH; on oxidation with 
bromine water it yields the corresiwiiding acid 
(Ilhamnoriic acid), CII,(CII()H ),(X)OTI ; on oxkhition 
with nitric acid it yields oxalic acid and a trioxy- 
glutaric acid, C 06 lICClH 0 H) 3 C 00 H ; silver oxide 
oxidise.s it to aldehyde and acetic acid. It forms a 
tetranitrate and a tetrabenzoate. Like dextrose, it 
forms an oxime with hydroxylaraine, an osazone with 
phenylhydrazine, and a cyanhydiin with hydrocyanic 
^cid. Rhanmose occurs in a state of combination in 
several glucosides, esi)eoially in qucrcitrin and in 
hesi)eridinc. It is prepared from qucrcitrin by 
hydrolysis with dilute sulphuric acid ; after filtering, 
the liquid is saturated with barium carbonate, again 


filtered, concentrated, and allowed to crystallise, 
when crude rhamnose separates. A further yield is 
got from the mother liquor by adding absolute 
alcoliol. The crude crystals are purified by recry- 
stallisatiou from water or alcohol. 

Rhea {JBiftany). A textile fibre known also as 
Ramie fibre or China grass, obtained from tbe stem 
of a Chinese nettle, Boehmeria nivea (order, UHi’ 
caoeee), 

RheoBtat {Elect.) An electric resistance which 
can be continuously varied within certain limits. 

Rhizome {Botany), The stout underground stem 
(“rootstock”) seen in the Iris, Solomon’s Seal, and 
Wood Anemone. Its tissues are filled with various 
food materials, such as starch, etc. 

Rhodamine. See Dyes and Dyeing. 


RhodamineB {Chem.) Dyes formed by the con- 
densation of meta-amidophenol and its alkyl 
derivatives with phtlialic and other anhydrides of 
dibasic acids, especially succinic acid. They are 
siroilarh' constituted to the cniiflcnsation product of 
resorcin and phtlialic anhydride, FLUORESCEIN {q.v.)\ 
thus the simplest rhodamine is 

> c \ >^0 

The dye Rliodaminc B is the hydrochloride of 
<liethylmcta-amidophenolphthalein — 


(C.,n,),NCeTI 
(C,I1,),NC’,1I. Nt)-- 


CO. 


It forms green crystals, soluble in water and in 
alcohol ; it dyes silk a strongly fluorescent bluish-red ; 
cotton mordanted with tannin a violet red, not 


fluorescent unless tbe cotton has been oiled. It i.s 


prepared by heating diethylineta-amidojilieiiol with 
plithalic anhydrirle and conoentrated suiphuTic acid. 
The di€*tbylmeta-ami<loi)licnol ni.ny be prejwired from 
resorcin by heating it wdth e*!jylaiiiin(‘ and etlivl- 
nmine liydrochloride in jKjuoons solution under 
pressure at 2(X)°. Other :ho<lamiiies are got bv sub- 
stituting succinic anhydride for phtlialic aiili.xlride. 


Rhodium {Chem.) Rh. Atomic weiglit, lOX A 
rarcmtJtal resembling isalladium and in a less degret' 
platinum. It occurs in small quantity in platinum 
ores. It is white, and only fuses iu the oxyliydrogen 
flame, and is in mass insoluble in acids. Occasionally 
used with platinum in making thermo-couples. It 
forms a chloride, RhCl,, and oxides, HhO, RhjOj,. and 
RliOg: it also forms complex ammonia compounds. 


RhodochroiBite {Min.) Carbonate of Manganese, 
MnCOj. Usually contains about 75 per cent, of 
carbonate of manganese, with other carbonates to 
25 per (;cnt., ])robably as replacement products. 
Rhombohcdral, in curvet! rhombs of a flesh red 
colour. Also called I)IAL 0 (} 1 TE. From Oswestry in 
Shropshire, Warwickshire, co. Cdare, Transylvania, 
Saxony, etc. 


Rhodonite {Min.) Silicate of Manganese, MnSiO,. 
Manganous oxide = 64*1, silica = 45*0. Triclinic ; 
usually occurs massive. Colour, flesh red, changing 
to a black on exposure. It is used in glass and 
earthenware glazing to give violet tints. From 
Cornwall and Devon in England, Bweden, the Harz, 
Siberia, and several places in North America. 


Rhomboid. A parallelogram whose ^jacent sides 
are unequal and whose angles are not right angles* 
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Rhomb Spar (Jl/in,) A ferruginous variety of 
Dolomite 

RhombuB. A parallelogram whose sides are equal, 
but whose angles are not right angles. 

Rhubarb. Rlieum qffieinale (order, Pohjgonaoca), 
The root, when dried, forms the medicinal rhubarb. 
It is imported from China. Several varieties are 
used, the best known being the Russian (** Turkey *’) 
Rhubarb. The garden forms are R, rhapo7Uidum and 
R, undulatum. 

Rhymer. A Reamer (^.v.) 

Rhyolite {Gcoh) An eruptive rock, in most cases 
a lava, of sul)acid or even acid composition, which 
is characterised by potash felspar crystals in a 
lithoidal ground mass. The rock often shows 
crumpled bands of alternately lighter and darker 
colours. The crumbling has arisen from the flowing 
movement of the rock after its solidification was far 
advanced. 

Rhythm Consists of (1) proportionate 

duration of sounds, (2) symmetrical grouping, (3) 
regular accentuation. It signifies the arrangement 
by which the cadences are placed; hence a musical 
composition may be of two bar, four bar, five bar, or 
eight bar rhythm, and according as these cadences 
fall, so the composition is of Regular or Irregular 
Rhythm. Ernst I'auer says : “ The rhythmical con- 
struction of a musical piece cannot Ihj definitely 
fixed according to a i)aflern or an arbitrary rule. 
The law that has to be obeyed does not restrict 
freedom of fancy and feeling; varlely is necessary as 
well as imihj. Rhythm may be describ(‘d as the art 
of the versifier, necessary, but yet only supple- 
mentary, to the genius of the poet or com])oser; lor 
although rhythm will lunghten t’ e beauty of a 
melody, it can, oven when used with the greatest 
cloverncss. never succeed in ennobling vulgarity or 
triviality in music” {I^ivicr of Muaical Fotwh). 

B\\i{Carp. and Jid 7 i.) One of the curved r«afters 
of a roof or circular framing, 

A pn»jccting part, usually forining a 

ridge or flange, whose function is to strengthen the 
object across which it runs. In siiips the libs are 
the vertical poitions of the framework. 

(^Tortile Mannfao.) A fabric differing from 

a rep in that the lines may be cither acros> or length- 
ways of the fabric. It is a common typo of worsted 
pattern. 

Riband (^Tcr.) A diminutive of the bond, of the 
tame dimensions as a cotise but with llic ends cut 
off or “ couped,” and not reaching the edges of the 
shield. 

Rib and Panel Vault i Architect.') The form of 
vaulting which was introduced in England at the 
close of the Norman period, and which is one of the 
characteristics of Uothic architecture. The ribs are 
the constructional parts of the vault, the panels, 
cells, 0 / severies being merely filled in between them. 
In this system of vaulting the thrusts are concen- 
trated upon definite parts of t’le wall, which are 
designed to counteract them. In early rib and panel 
vaults the only ribs used were the formerets or wall 
ribs, tbo transverse ribs, and the diagonal ribs. In 
later work ridge ribs and tiercerons (intermediate 
ribs between the transverse and diagonal ribs) were 
introduced, and finally lierne ribs, which aio merely 
decorative, were added. See Sexpartite \ault, 
Barrel Vault, Fan Vault, Boss, and Lierne 
Rib. 


Ribbon Brake (Rng.^ cte.') A Band Brake (^.t*.) 
Ribbon Agate. 

Ribbon Saw {Eng.) A Band Saw. 

Rico {Rotany). The grain of the Rice plant, 
Oryza tativa {order, Oraniinea!)^ an annual grass 
grown under hot, moist conditions in tropical coun- 
tries. Rice in the husk is termed “ Paddy.*' Rice is 
remarkably deficient in proteids, fats, and salts. It 
is essentially a carbohydrate food, and is extremely 
digestible when well cooked. It should be steamed 
rather than boiled, otherwise it loses some of its very 
small quantity of proteid and salts. 

Rich Lime {Build.) See Fat Lime. 

Rioinoleic Acid {Chem.) 

OII,(CII.,)j . CHOH . CHj . CH : CH . (CH,)^ . COOH. 

A soft crystalline solid; melts at 17®; soluble in 
alcohol and ether ; dextrorotatory. With bromide 
it forms a dibromidc. Heated with iodine ami 
amorphous phosphorus it yields iodo-oleic acid, 
which yields stearic acid on reduction w ith zinc and 
hydrochloric acid. Nitrous acid converts it into the 
isomeric rittinolaidic acid. Fused with caustic soda 
it gives secondarv" octyl alcohol — 

CH, 

OHOH 

i.H.. 

and sebacic acid, (01l2)8(C00H)j,. It occurs as its 
glyceryl ester in castor oil, of which the ester is the 
chief constituent. It is prepared by hydrolysing 
castor oil with caustic soda, and purifying the crude 
I acid by crystallising the barium salt. 

i Riddle. A Sieve. 

Riddlings. Coar.sc material left in the sieve after 
I sifting. Tiie term is chietly confined to the foundry. 

! Ridge {Build.) The upper angle of a roof. 

I {Foundry'^. A horizontal channel in the 

I sand of a mould for leading metal to some definite 
j point during pouring. 

! Ridge Board {Build.) The board to which the 
! top ends of the rafters of a sloping roof are fixed. 

i Ridge Course {Build.) The course of slates or 
I tiles next to the ridge of a roof. 

! Ridge Roll (Build.) A piece of wood of approxi- 
j mately circular section fixed along the top edge of 
[ the ridge board {(j.r.) 

Ridge Tiles {Build.) The ornamental tiles fixed 
on the ridge board of a roof. 

Riding (Eng.) A belt is said to ride when it 
mounts on to the flange of a flanged pulley ; a 
driving chain, when it mounts the cogs so that, it 
rests on the tips of the teeth; tw-o gear wheels, 
w^hen they become displaced so that the tips of the 
teeth come in (contact. 

Rifiler {Eug.^ etc.) A file w^hose axis or centre line 
is curved. 

Rigger (Eug.) A name sometimes applied to a 
belt })ulley. 

Right Angle. See Angle. 

Right Ascension {Asirim.) The angular distance, 
measured along the equator betw^een the First Point 
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of Aries and the declination circle of the star (i.e. the 
secondary great circle to the equator, which passes 
through the star). Commonly denoted by “ R.A.” 

Right Haaded Sorev. A screw whose thread runs 
upward from left to right when viewed with the axis 
in a vertical position. If the screw be turned in its 
nut in a clockwise direction, it recedes from an 
obser\er looking along its axis. This is the common 
form of screw thread; the reverse or left-handed 
screw is only rarely used. 

Right Line* A Straight Lins (q.v.) 

Ri^d Body. A rigid body is one in which no 
Telatlve motit)ii of the particles can be produced by 
the application of forces. No perfectly rigid Ixjdy 
exists; but from the engineers’ point of view the 
harder metals (e.q. cast iron) may usually be con- 
sidered rigid. 

Rigidity. In general terms the power possessed 
by a body of resisting changes of shape. The 
Modulus of Rigidity or Coepficiisnt of 
Rigidity is often termed simply tlie Rigidity. 
It is the relation of the Siiisabing Stress to 
the Shear or Shearing Strain. See also Shear 

RigorOyCon; Rigoroso (JfuWc). With exactness, 
strictness. 

Rilles on the Moon (Astron.) Trenches with 
raised sides more or less steep. 

Rimer etc.} A Reamer (q.v.) 

Rim Wheel {Cotton Spinning). The w'heel on the 
headstock of a mule which transmits motion to the 
tin roller and spindles. 

Rinforzando Abbreviated riw/., Tf.^ or 

rfz. Reinforcing the power of a musical phra.se. It 
is to a phrase what sforzando is to single .sounds. 

Ring (Btrild.) A brick arch consists of a number 
of half brick rings one above the other. 

Ring Armatares {Elect. Efig.) See Armatures. 

Ring Ck^mpoQndz {Chem.) Suppose a compound 
formed by joining to a given group two other 
groups or more than two; then if the last gn)up 
joined up be connected with the first, we have what 
is called a ring compound. In practice rinf'.s are not 
formed in this way. An actual example is as 
follows glycerine has the formula — 

cn.,OH 
I ‘ 

(.’HOII 

' I 

CH,OH 

with bromine and phosphorus it forms allyl bromide — 



I 

CH.,Br 

This compound unites with hydrobromic acid to form 
trimethylene bromide — 


CH,Br 



I 

CH^r 


The latter, when acted on by sodium, forms tri» 
methylene-* 

CH. 

— ^CH,. 

which is a ring compound. When the ring is made 
up by union of atoms of the same kind it is called 
an isocyclic ring ; when the atoms are not all alike 
it is called a heterocyclic ring. Benzene and 
naphthalene are important examples of isooyclic 
ring compounds. Tyridine, Quinoline, Furfuranc, 
I’yrazole, Pyrrole, the Lactones are important 
examples of heterocyclic ring compounds. 

Ringelmann’z Smoke Scale. A series of white 
cards about 8 in. square ruled at right angles into 
squares. They are graduated (by increasing the 
thickness of the lines) from all white to nearly 
black. The white spaces are cut out, and, by looking 
at black ” smoke through this screen, its degree of 
blackness can be gauged by the screen and the smoke 
appearing to be of the same shade. Solid ruled 
cards may also be merely compared with the smoke 
emitted and the shade judged. 

Ring Frame {Cotton Spinning). A continuous 
spinning machine snitjiblo for warp yarns up to 
fifty counts. It produces a thread less fibrous than 
the mule and rather rounder, but not so elastic, 
nor wdll it spin as soft a thread as the mule. For 
ordinary spinning it has greater prodiictivo powers 
per spindle than the mule, and may be attended to 
by a female. The drawing, twisting, and winding of 
thread on to bobbin are performed simultaneously, a 
small metallic ring called a traveller being used for 
the purpose. So far it has not been very successful 
in spinning weft yarns or fine counts. 

Ring HioPometcr {AstTon.) A narrow metal ring 
attached to a thin piece of glass in the focal plane 
of an eyepiece. U.sed in conjunction with a 
telescope. See Micrometp:r. 

Rings of Saturn {Asfron.) The planet Saturn is 
.surroundod by a host of small satellites, which all lie 
in one plane, and cunstituie a scries of ring.s about 
the planet’s Equator. 

Ring TraYeller (Cotton Spinning). A small 
metallic ring whU li is connected to the thread, being 
spun on a ring frame, so as to impart twist and also 
a.s8i.st in the winding of thread on to bobbin. See 
Ring Fb\mb. 

Ripidolite {Min.) One of the Chlorite Group of 
minerals now more often known as Clinopblore. It 
i.** a monosymrnetric ba.sic silicate of magnesium and 
aluminium, fiMgO . Al,Oj . 3SiO.^ . 4H,0. Chiefly of 
inlerc'st as a rock fprming mineral. 

Ripieno {Music). Supplementary or filling up 
parts. 

Ripper {Build.) A tool used by .slaters for cutting 
the nails under the slates when removing them. 

Ripping ( Carp.) Cutting timber in the direction 
of the grain. 

Ripple {Phys.) In general a small wave on the 
surface of a liquid. The term is confined in strictly 
scientific language to those waves which are projia* 
gatetl chiefly by the surface tension of the liquid in 
which tliey are produced. 

Ripple Harkfl ( Geol.) A waved surface left upon 
sand and similar de^Tosits by a to and fro movement 
of either wind or water. The ripples are usually 
formed either directly at the surface or else beneath 



HIP 


61T 


BOA 


a small depth of water ; but their presence has been 
detected on a sandy floor of the sea at a depth 
of a hundred feet or more. Sand ripples are very 
characteristic of desert regions. Uipple marks occur 
commonly on the surface of deposits of volcanic dust. 

Rippling {Linen Mannftio^ When the flax plant is 
ripe, seed capsules form about the size of peas, and 
contain the flax seed or linseed. These are usually 
cleared off before the stalks are retted by drawing 
the plant through a coarse steel comb. The process 
is termed Rippling. See Linsbed Oil {under Oils). 

Rip Saw {Ca/rp, and Join,) A saw used for cutting 
timber in the direction of its fibres, and having 
about two and a half to three teeth to the ineW 

Rise {Build',') The height of the crown of an 
arch above the springing. The height of a step, or 
of a roof above the wall plates. See Abch. 

— {Typog,) The term was ori^nally used when 
a forme could be lifted from the imposing surface 
without any of the tj'pes falling out. It is now used 
when, through faulty locking-up or bad justification, 
the forme “ springs ’* and the spaces or furniture 
** rise ” to the level of the type face. 

Riser {Build.) The vertical part of a step. See 
also Staircases. 

{Foundry). An opening extending from the 

cavity of a n^ould up Ihrough the tand to the surface. 
When liquid metal is poured in through the gales 
the air in the mould rushes out of the risers, and, 
when the mould is full, liqui<\ metal rises in them, 
showing that the mould is full. The risers also form 
a channel by which dirt, scorise, etc., can be swept 
out of the cavity by the rush of the molten mcjtal, 
instead of accumulating in the top of the mould and 
rendering the upper part of the casting unsound. 

RUere {Typog.) The material upon which stereo 
and electro plates are mounted and fixed to render 
them “ tyiKi high.’* 

Riling and Falling Saw A circular saw 

which <‘an be caused to project above its table to n 
greater or less extent by raising or lowering the 
apindlc, which is provided with mechanism for the 
purpose. It is used for cutting grooves of various 
depths. 

Riling and Falling Table {Fng.) Certain machine 
tools {p.g. drills, milling machines) are sometimes 
fitted with a table of this kind, i.e, one which can be 
iaisc<l or lowered cither by hand or automatically. 

Riling and Betting (Aetron.) The instant that a 
celestial body comes into or disappears from view, 
when the observer has a perfectly clear hoiizon. 

Riling Gate {Foundry). A Riser {q.v.) 

Riling Main. (1) The vertical water pipe in a 
building that issues from the main pipe. (2) The 
piX3e that supjdics a cistern, etc. 

Riiolnto {Mtteic), With resolution. 

RilVegliato {Music). In an animated manner. 

Ritardando {Music). Gradually decreasing the 
speed, C/. Accelerando. 

Ritenuto {Music). Slower, i.p. the wliole passage 
so marked is at once to be taken slower, whereas 
ritardando means gradually decreasing the pace, 

Rivera {Oeol.) Solar energy elevate large quan- 
tities of vapour, and gravitation coming into play 
after the vapour is again condensed, the water of 


rivers is thereby set in motion, enabling them to per- 
form a considerable amount of geological work. Mpt t 
of it is of a mechanical nature, and consists, in the fii^t 
instance, of the removal of part of the rock surface 
in contact with the moving water; but part of the 
effect produced arises from chemical cansea In the 
higher parts of river valleys the rate of erosion of 
the river bed in a vertical direction is usually in 
excess of that of the sides of the valley above the 
liver bed. Hence, under the combined effect of 
lateral and vertical ero.«ion, the sides of river valleys, 
in the hilly part of their track, are usually character- 
ised by steep slopes. The chief function of rivers, 
regarded from a geological point of view, is as 
agents of transport. Rock material, disintegrated 
and decomposed by tbe action of sub-aerial forces, 
sooner or later finds its way into rivers, which trans- 
port the coarser materials to lower levels chiefly 
dining floods, and constantly transfer the materials 
that arc in susx^ension, as well as those that are held 
in solution, from the land to the sea, where these 
materials are eventually left in a more or less 
stratified form. See Clouds and Rain. 

Rivet. A short cylindrical fastener of metal with 
a strong Lead at one end, used for forming a joint 
between overlapping plates, etc. The livct is inserted 
in a hole which has been previously drilled or 
punched through the plates and is then “closed”; 
i.e. a second head is i'ornied by hammering cither 
in the cold or while the rivet is still hot from the 
rivet forge. Copper rivets are always closed in the 
cold; iron or steel ones are nearly always heated. 
The closing may be done by a machine worked by 
hydraulic or other power ; the use of a machine is 
quicker, and does not involve the jarring of the 
plates wh.'ch is produced by excessive hammering. 

Riveted Joint {Eng.) Used in girders, boilers, 
etc. It is suitable for joints which have to stand a 
tangential or shearing force — that is, where the 
rivets have to resist forces which tend to move the 
plate.s past each other. 

Riveted Stays {Eng.) Stays or tie rods whose 
ends are riveted over, i.e. heads arc formed on them 
by hammering, as in the case of an ordinary rivet. 
This method of fastening a stay rod is usual in 
boilers ; but the ends are often screwed into the holes 
first, and the rivet head formed on the projecting end 
of the screw. 

Rivet Forge {Eng.) A small portable forge used 
for heating rivets. 

Rivet Holes {Eng.) Drilled or punched holes 
passing right tbrough plates which are to be riveted 
together. Drilled holes are much the better. 

Riveting Machine {E^ig.) A machine resembling 
a punching machine in mtion, but furnished with 
dies, one of which supports the head of a rivet, while 
the other closes up or forms a hca<l on the other end, 
Jt is commonly worked by a liydmulic ram. 

Rivet Steel. Mild steel of good quality is often 
used instead of wrought iron for rivets. It should 
have considerable tensile strength, and care must be 
taken to pre\ent overheating in the rivet forge, as if 
the steel become “ burnt ” it is praoticallv useless. 

Road Locomotive. A Traction Enoinb {q.v.) 

Road Metal {Civil Eng.'^ Stone suitable for road 
making ; it is crushed or broken to a suitable size by 
hand or machine 
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Roan {Leather Mamtfac^ Tanned sheepskin when 
dyed and finished is known as roan. Roii{^h tanned 
basil, after scouring, straining, dyeing, and finishing, 
becomes a roan. It is largely used in the cheaper kinds 
of bookbinding, having somewhat the appearance of 
morocco, but is not nearly so durable. 

RoaBting The prdimin^ heating of ores 

without fusion, whereby oxidation is effected, or 
certain constituents, such as sulphur, are partially | 
driven off. • 

Robeson Magnets {Elect.) A m^et formed by a ] 
thin rod of steel, on the ends of which are fixed steel 
spheres. The i3ole8 of the magnet lie almost exactly 
at the centres of these spheres. 

Rocaille. The name given to the style of art in I 
vogue in the time of Lr)ui.s XIV. A characteristic ' 
feature was tlie treatment of scrolls and foliage. Cf. \ 
liococo. 

Rocelline (TAm.) i5Sr*e Xaphthylamines. 

Rochelle Salt (/"'A/' w/.) jSp/? Tahtbates. 

Roches Moutonn^S iOeoh) The surfaces over j 
which a glacier lias moved for any length of time j 
lias usually been moulded by the erosixe action of 
the .stone shod base of the ice into a more or less 
irregular form, with pits and itiouikIn of various , 
sizes and shapes, all smoothed and striated by 
glacial action. Where these rounded Ikjsscs of rock 
are exposed at the surface tlicy look, at a distance, > 
like scattered sheep. Hence the name. 

Rock (Chem, Tech.') The solid mixture of 
stcarrit(=‘s of lime obtained in the first stage of the , 
manufacture of stearine. 

(Geol.) The term “rock’" in geological ; 

descriptions is not restricted to hard st^uic, such as 
granite or sandstone, etc,, but is applied any 
naturally formed deposit, whetlKT hard or soft, 
which preserves a certain uniform character over a : 
considerable distance. Tliu.s a hed of soft mud or 
a bank of sand would come under this designation 
quite as much as a stratum of limestone or a bed , 
of grit. 

Rock Crystal (Min.) A variety of Quartz (q.r.) 

Rocker (Elect.) The support of a brush in a 
dxnamo or electric motor, by means of which the ’ 
exact position of the brush can be adjusted. 

(Engrar.) A tool somewhat resembling a 

broad chisel, used in mezzotint eiigraxing foi obtain- j 
ing a scries of points or grain on the ])iate. See • 
Mezzotint (nitfler Encjravjno). 

Rock Forming Minerals (fTcol.) Tlie chief rock ; 
forming minerals are silicates, the principal ex- ! 
ceptions being Quartz, C'alcite, arul some iron ores. i 
The silicates may be classed as follows : (1) Silicates ! 
of Alumina, and (a) Totash, (h) Soda, (o) Lime; ' 
(d) (a) and (h), or (h) and (c) rcsj»ectivcly. in ; 
combination. To this category belong the Felspars ‘ 
and the Felspathoids, The felsjiars include ; (a) 
Th(‘ potash fel.si>ars ()rthoclasc and Microcline, the j 
former being usually an original constituent of the ' 
acid eruptive rocks, and the latter a prominent 1 
mineral in the acid gneisses and pegmatites. (//) * 
The soda felspar Albite, which is usually of secondary i 
origin, and is not of common occurrecoe except in j 
the druses of large granite masses, (c) The lime I 
fels]jar Anorthite, wdiich in its normal state is of j 
very rare occurrence, (d) The soda lime felsi>ar ; 
Oligoclasc, which is a common constituent of many I 


Diorite Granites, and of the Gneisses and Pegmatites 
allied in composition to them, (e) The lime soda fel- 
spar liabradorite, which, with its varieties, is probably 
the most widely distributed of all the felspars, and 
is the common felspar of the basic and of most of the 
sub-basic eruptive rocks. The Felspathoids include 
the minerals Leucite and Nephcline, of wliich the 
former is common in many post-cretaceous basalts. 
Allied to the felspars in composition is the light 
mica, Muscovite, which in many cases is jformed 
out of dynamically metamorphosed potash felspar. 
This mica is practically indestructible when in small 
fiakes, and hence is found in most sandstones and 
also in many clays. Some Muscovite is an original 
mineral of Granites and Elvans. (2) The Ferro- 
magnesian Silicates. These include (a) Olivine, 
which is a mineral of common occurrence in the 
ba.sic and the ultrabasic rocks of eruptive origin, 
and is rare in, or absent entirely from, the gneisses 
and schists, (b) The Pyroxenes, of which there are 
several species, varying In crystalline characters, and, 
1 o a small extent, also in compositi on. The commonest 
of the Pyroxenes is Augitc, which is present in most 
basic and ultm-basic eruptive rocks. A less common 
species is Finstaiitc, which also occurs in the rocks 
just mentioned. The minerals classed under (a) and 
(A) give rise, through the prolonged action of under- 
ground waters, to the important roek Serpentine 
(fj r.) Some Pyroxene is an important constituent 
in the initial stage of the Scottish LcAvisian (ineiss. 
Another variety (Diopside') is a common secondary 
mineral in many highly metamorphosed marbles. 
Augitc, under the influence of dynamic meta- 
iiiorjihism, may pass into Hornblende. On the other 
hand, the latter mineral changes into the former 
under thermo-metamorphic action, (c) The Amphi- 
holes. Of these there are many species, distinguislied 
by their crystalline characters or by differences in 
chemical composition. I'he commonest is Ilorn- 
blen<ie, wdiich is an essential constituent of all 
Piorites, and which oceurs also in most Syenites, as 
>vell as in the Diorite-Oranites. It is a common 
constituent in most Andesites and Porphyriu^s (f/.r.)^ 
as well as the majority Trachytes and Lampro- 
phyres. Ilorrihlende eniers largely into the com- 
po-Mtion of most of the Scottish liCwisjan (^nei'^ses, 
seemingly as a secondary mineral due to the altera- 
tion of the origiiial Pyn)xerie, and is also of common 
occurrence in the Pegmatite’s of these Gneisses. 
Under prolonged dynamic actitm ilornbleiule passes 
into Piotite, so that many Biotite Gneisses were 
originally Hornblfuide rocks. Of the remaining 
Amphiboles the only one that calls for remark is 
Treinolite, wdiich is a product of the therniri-rncLa- 
raorphism of some magncjsian limestonc.s. Biotite, 
however, is often an original mineral, and is a 
chanict eristic mineral of nearly all Granites, Syenites, 
and Diorites, as well as of their resjjective gneisses 
and pegmatites. It is also found in most Tnmhytes 
and Andesites, as w'cll ns in the Lamprophyres and 
rorphyrites. (,)uart 2 is an essential constituent of 
the acid eruptive rocks, and of their respective 
fKigmatiles and gneisses. In its derivative state it 
forms sands and sandstones, and is then a charac- 
teristic mineral of the terrigenous rocks (q.v.) (‘al- 

cite is the basis of all limestones. Ilmenite (the 
ferrous titanate) is the chief nritfinal iron ore of the 
basic and ultrabasic eruptive rocks. 

Rocking Frame (Eiig.) A hinged or pivoted 
support fora train of gear wheels, used for actuating 
the back shaft of a seif acting lathe (q.v.) 
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Rook Balt (6'^Z.) Commercial Salt is obtained 
from three principal sources: (1) By the natural or 
the artidcild evaporation of sea vv-ater; (2) by col- 
lecting the films of salt left on the surface of deltas 
where river water is subject to excessive evaporation ; 
and (3) from stratified deposits, such as those which 
occur in connection with the Keeper Marl (Cheshire), 
or with the Banter Marl (Middlesboro’). The term 
llock Salt is generally restricted to these last- 
mentioned stratified deposits. Most Bock Salt 
appears to have originated in the following manner : 
During storms large quantities of the spray of sea 
water ore driven inland by the winds, and, in course 
of time, undergo some desiccation. Hence the 
atmosphere, more especially in maritime districts, 
may be said to be loaded with minute particles of 
salt dust. These salt particles eventually form the 
nuclei of raindrops, or fog particles, or flakes of 
snow, and are thus conveyed to the surface of the 
Earth. Sooner or later the water thus originating 
finds its way into rivers, and thence, in the ordinary 
course, back again to the sea, where the cycle com- 
mences anew. But in many parts of the world the 
water of even large nvers may be entirely returned 
to the clouds by cxce>»sive cvajKjration. The Caspian, 
the Dead Sea, the Great Salt Ijake, the desert region 
of Central Asia, present gor)d examples of this 
nature. In all of these the salts carried down in 
solution by the rivers undergo concentration as 
evaporation proceeds, and the dissolved matters are | 
eventually left behind in tlie solid form. As most 
of the British Salt deposits occur in connection with 
BtratA which have certainly been formed under arid 
conditions, it is natural to conclude that the deposits 
of llock Salt wliich they eneh)se have been formed 
by the prolonged evaporation of bodies of river water 
in a manner similar to that referred to above, 

{Min,) Sodium Chloride; KaCl. Sodium = 

39 15, chlorine =* C()*7 }>er cent. Cubic, sometimes 
in skeleton cubes or hopper shaped crystals ; 
more often massive. Colourless to 5 h*11uw, red, 
blue, or purple, tlie colours being due to im- 
purities. Magnesium and calcium chlorides arc 
usually present as impurities, and cause the salt to 
ba deliquescent. TIjc sulphates of calcium and 
magnesium are other common impurities. Large 
deposits of salt occur around Nanlwich, in Cheshire ; 
at Droitwieh, in (iloucestershirc ; also in Catalonia 
:ind Castile, in Spain; Bex, in Switzerland; and 
numerous other localities. 

Rococo. A debased style of ornament of the times 
of Louis XIV. and XV. It is an exaggerated style 
of llocAlLLB (</.r.), characterised by ctmfused 
and meaningless scrolls, sliellwork, and foliage. 
Sub.sequcntly the term was used contemptuously to 
denote heavy and tasteless decoration. See also 
Bkn AISSA ifCE (-4 rch iiecL) 

Rod (Bvild ) Brickwork (in London) is measured 
by the rod, which equals 272J squiiro feet of reduced 
work, t.r. one brick and a half thick. In practice 
the i foot is generally ignored, making it 272 
square feet. 

(Carp, and Join.) (1) A stick used for 

measuring. (2) A flat board, carefully planed, on 
which is constructed a full sized drawing of a piece 
of work ; in most cases the cross section of the work 
under construction forms the principal drawing, other 
details being added if necessary. The joiner uses 
the rod as a working drawing, taking his measure- 
ments from it, and also checking the dimensions of 


the different pieces of the work by direct comparison 
with those shown on the rod. 

Rod Chisel (Eng.) A blacksmith's cutting chisel, 
held by means of a long handle usually consisting of 
willow twigs or withies. 

Redding (Foundry). Supporting the sand forming 
the upper part of a mould which projects into a 
cavity uy means of rods of iron of suitable length 
suspended from the fla.sk. Thi.«» also prevents the 
projecting sand from being broken away by the fluid 
metal. 

Rodinal (Photo.) See rAiiA-AMiDOPHBNOL. 

Rod, Pole, or Perch. See Weights and 
Measubes. 

Roentgen Rays (Eleot) See Radiation, 
Rohrflote (Mui<ir). A reedy flute. An organ stop 
of closed pipes, with a hole in the stopper. 

Roll (Plumh.) A rounded piece of wood used to 
dress the lead over at the joints on a gutter or flat. 

Rolled Bars (MH.) Bars of iron or steel of 
uniftirm section produced bypassing them through 
a rolling mill. 

Rolled Beam, Girder, etc. (Et^.) Beams or 
girders made in one i)ieoe by rolling mills, instead 
of being built up of separate parts. 

Roller (Engrar.) A wooden cylinder covered 
with leather, used for spreading an acid resisting 
varnish over the plane surface of a plate that has lo- 
be rebittcii. See Engraving and Etching. 

(xMuMc). A part of the mechanism of aa 

organ. *Str p. 439. 

Roller Chain (Cycles). See Cycles. 

Roller Delivery Motion {Cotton Spinning). A 
muli ui on a mule tor giving out two or three extra 
inches of yarn during the winding i)rocess as the 
carriage travels inw’anls. 

Roller Feed f ^6*.) Certain forms of wood 

working marliinery have grooved rollers ]*etween 
wliich the timlier pas.«!C.s. 'J'he rotation of these 
rollers feeds or diivcs the wood towards the saw or 
cutter. 

Rollers (Typog.) Used for inking the forme in 
the course of printing. They are made of a compo- 
sition consisting of glue, treacle, glycerine, etc. 

Rolling (Eng.) The production of bars or plates 
by the Rolling Mill (q.v.) 

Rolling Curves, riecos of thin wood, metal, card, 
etc., cut to shape, are used for setting out the teeth 
of wheels. See Wheel Teeth. 

Rolling Friction. The friction between a rotating 
body and the surface with which it is in contact, 
when there is no relative movement of the two 
.<iui faces at the point of ct)ntact. The case of a 
wheel rolling on a smooth surface is the best 
example ; the friction i.s much les.s than the SLIDING 
Friction (q.r.) 

Rolling Load (Eng.) A load or weight which 
moves along a structure, as in the case of a vehicle 
passing over a bridge. 

Rolling Looker (Lace Manufac.) (1) A plain net 
machine (Heatlicote’s principle), but the bottoms of 
the carriages are toothed, and the teeth engage with 
fluted rollers, which contribute the necessary move- 
ment to the carriages. (2) Defines the method of 
moving the carriages in the description of lace 
machine bearing that prefix. 
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Rolling HiUi (Met.) Sets of iron (or steel) roUers 
geared together so as to rotate in opposite directions. 
Bars and plates of iron are formed by passing a mass 
of iron between the rollers, which are either plain (for 
plates) or furnished with suitable grooves for the 
production of bars of any required section. The 
machinery can be reversed in some cases, so that a 
bar can be passed through from the opposite side, 
in order to save the time and labour involved in 
Isringing the metal round to the side from which it 
was first passed through. The same object is served 
by having three rollers, when the mill is said to be 
Thbee High, as distinguished from the mill with 
two rollers, which is termed Two High. In the 
three high mill the top and bottom rollers turn in the 
same direction, the centre one in the opposite direc- 
tion. The bar is first {)assed between the lower ones, 
then passed back between the upper ones (or rU-e 


Roman Corinthian Order. See Abchitbctubb, 
Ordebs of. 

Roman Doric Order. See Abohitectubb, 
Ordebb of. 

Romanesque Ifohitootnre. The architecture of 
Western Europe, which was developed after tbe 
decline of Homan architecture, and from which 
Gothic architecture was developed, is known as 
Homanesque. Romanesque architecture in England 
is divided into two periods— Anglo-Saxon and 
Norman (q.v.) 

Roman Ionic Order. See Arohitegtube, 
Obdebb of. 

Rdntgen Rays (Phye.) See Radiation and 
Radio-Activity. 

Rood. See Weights and Measures. 


versd), Thei’e are three classes of Rolls ; Puddling 
Rolls, which consist of a train of two pairs for 
blooms, and are often called the Forge Train ; Mill 
Rolls, wliich produce finished mcrohant iron from 
billets, and are generally three Idgli rolls ; and Plate 
Mill Rolls, specially intended for rolling boiler and 
other plates, !:>hect mills arc similar, but for lighter 
work. 


Rood Screen (Arvhitect.) The screen separating 
I the chancel from the nave in a Gothic church. The 
platform which is frequently found above the rood 
screen, an<l known as the rood loft or jub6 
supported the rood or crucifix. 

Roof (Mining), The upper or overhead surface of 
a workiug. 


RoU Moulding (Architect.) (1 ) A round moulding 
or bowtell (q.v.) (2) A round moulding with a slightly 
projecting fillet. (3) A moulding formed of two 
half rounds, the upper one projecting slightly in 
front of the lower. The last form is more commonly 
known as a scroll moulding (q.v.\ and is character- 
istic of Decorated Gothic architecture. A roll mould- 
ing w'ith a well defined fillet is known as a “ roll and 
fillet ” moulding. 

Rolls (Bind.) Tools used in finishing. A roll 
consists of a small brass wheel fixed to a handle, the 
periphery of the wheel being engraved with some 
design. 

(Met.) See Rolling Mill.s. 

Roman (Typeg.) The ordinaiy upright letter uhed 
in printing, ;is distinguished from italic and fancy 
type. Numerals exprch.<*ed by letters as distingui’^hcrl 
from these expressed by Arabic chai actors. Sie 
Numebaijs. 

Roman Architectupe. The style of architecture 
which obtained in the Roman Empire during tbe first 
four ccnturic.s of the Christian er;i. In this style the 
trabeated construction of the Greeks i.s combined 
with the use of the semicircular arch, dome, and 
vault. The three orders ustd by tbe Greeks were 
adopted, with various modifications, by the Romans; 
and variations of the Doric and Corinthian orders, 
known as the Tuscan an<l Composite orders respec- 
tively, were also u.sed by them. The ordcr.s are, how- 
ever, used more as a de( oraticn than as an essential 
part of the construction. IVdestals are used to in- 
crease the height of the order, and the various orders 
are superimposed over each other, the simplest and 
most sturdy being always placed below the slender 
and more ornate orders, Tlio peripteral form of 
temple of the Greeks was not extensively used by the 
Homans, the pseudo peripteral taking its ijlaco. 
Roman mouldings are usually richly carved, but they 
lack the refinement charficteristic of Greek work. 
See Greek Abchitectube and Abchitectube, 
Obdebs of. 

Roman Cement. A quick setting cement used for 
plastering the outside of walls, when required to be 
painted soon after the plastering is finished. See 
Ojuients. j 


Roofs (Build.) Roofs vary greatly, both in form 
and in the materials employed in their construction. 
In countries where there is little rainfall, fiat or very 
low pitched roof.s are often found, and projecting 
eaves are added to afford shade. With increasing 
rainfall and tbe occurrence of snow the angle of 
inclination increases. The nature of the covering 
material varies with locality, climate, means of 
transit, the dimensions of the structure, and other 
factors. Among the chief natural materials now 
used may be enumerated Thatch in varioiw forms, 
W 001), Slates, and Stone, which possesses a marked 
parallel cleavage; among manufactured materials, 
TiLiis, Sheet Ieon, I.ead and Zinc, Glask, and 
flexible materials which have ht?cn rendered water- 
proof, such as Felt, Canvas, Papeb, Cabdboabd, 
and various patented niatoiials. The structure which 
supports the roofing material takes many forms, of 
wliich a few only can be * 

dealt with here Tlie ^ 

simplest form is the 
Lean-to Roof (fig. 1). a 

A is a Rafter supportiMl 
by Wall Plates b and 
c, the former resting 
directly on the top of one ^ | 
wall, the latter being 
carried on coibels or by a Fjo. i. 

ledge or offset. This form 

is suitable for 8pan.s of 8 or 10 ft. Fig. 2 shows a 
simple Couple Roof for 

spans of 10 or 12 ft. ; the A 

rafters A, A rest on wall 
plates B, B at their lower 
ends, and abut against a 

Ridge Piece d at the (J 17 

top. If the span exceed Fio 2 ^ 

12 ft., the outward thrust 

of the rafters may be counteracted by a tie or 

Collar B (fig. 3). When 

the tie extends across 

between the lower ex- 

tremities of the rafters, E 

the aiTangcmcnt is tf^rmed i[^D 

a Couple Globe. The ^ LJ 

ties may serve to support Fio. 8. 


Fig. 2 shows a 
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a oeiliog, i>e, they form Cbilikg JoiSTa A roof of 
this pattern may be used for spans up to 16 ft. 
A further modi- 
fication is shown 
in fig. 4. Here 
the rafters A, A 
rest on Pole 
Plates p, sup. 
ported by the 
Tib Beam g. 

The rafters are 
further sup- 
ported by Stbuts 
H, H, which abut against a piece K, termed a 
Btraining Sill. For spans of 20 ft. or more a 
King Post Truss (fig. 6) may be used. The 



Pig. 4. 



Principal Rapters a, a are attached at their 
lower ends to the Tie Beam g, the joint being 
secured if necessary by an iron strap passing round 
both rafter and tie beam. At the upper end 
each rjiftcr is tenoned into the vertical King Post. 
Iron pUtesy shown in black, strengthen these joints ; 
at the lower end a strap passes under the tie 
beam, and is tightened up by wedges, forming a 
gib and cottar, and passing through the king 
post. The Common Rafters m, m are sup- 
ported by Purlins n, n, which are horizontal 
timbers placed parallel to the ri<lgc and supported in 
turn by the principal rafters. In the construction 
of still larger wooden roofs a Queen Post Truss 
(fig. 0) is used. 



Fic. 6. 

The letters correspond to those employed in fig. 5, 
with the addition of certain members ; these arc two 
Queen Posts q, q ; a Straining Beam o ; a straining 
sill between the lower extremities of the queen posts, 
and struts H, H. Iron bands and plates (shown in 
black) are used to strengthen the principal joints. 
The form of a roof may be modified to enable the 
roof space to bo utilised as a room ; one of the ways 
of doing this is to employ a Mansard Roof, shown 
in outline in fig. 7. 


When two roofs intersect^ as when the surface slopes' 
upward from the ends as well as the sides (instei^ 
of ending in a gable), 
a Hipped Roof is 
formed. The rafter 
which runs from the 
intersection of the w'all 
plates to the ridge is 
termed a HiP Rafter ; 
those which run from 
the wall plate and ter- 
minate against the hip 
rafter are termed Jack Rafters. A special device 
is often used in tlio larger roofs to strengthen the 
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roof at the angles of 
the wall ; this is shown 
in fig. 8 . B, B are two 
wall plates, halved 
together at the angle, 
and connected by a 
member D. To the 
centre of this the , 

Dragon Beam c is 
attached by a tusk 
tenon ; at its other 
end it is notched to the "wall-plates. In certain 
cases, such as churglies and large mediaeval halls, 
no ceiling is used, and the timbers 
of the roof are treated in a 
decorative manner. In such cases 
the Hammer Beam Truss is fre- 
quently used, the princii>al rafters 
being supported as in fig. 9. A 
corbel c supports a Wall Piece 
w, from the top of which projects 
a Hammer Beam h, supported by 
a strut s. Above the hammer 
beam springs the Principal 
Rafter a. The hammer beam 
thus appears to be the end of a tie 
beam, of which the central portion 
has been removed. The largest 
roofs are now constructed of iron, 
whic;h offers many advantages. A 
good tension joint, always difficult 
ill woodwork, ran easily be secured ; 
tie beams may be replaced by 
•slender tie rods, and stmts, prin- . 
cipals, etc., b}’ rolled T iron or 
channel iron, much less cumber- 
some than the massive wooden members 
they replace. Great 
variety of form is 
given to iron roofs, 
two simjile forms 
being shown in figs. 

9 and 10. Joints 
are made by flat 
plates, eyes, etc., 
riveted, or, prefer- 
ably, bolted to- 
gether. 

Root (Mf/s/ff). Tlie 
note on which a chord is built, i.r. the bass note of 
a chord in its original position. The *' Day ” Theory 
traces all chords to the three roots, Tonic, Domin- 
ant. and Supertonic ; but this theory is hy no means 
universally accepted. For instance, the chord 
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in the key of C would, according to the “ Day ” Theory, 
have the* root G, and be called the third inversion 
of the Dominant lltb. Another theorist looks upon 
F as the root, and speaks of it as the Added 6th ; 
whilst yet another looks upon D as the root, and 
calls it the first inversion of a 7th. The idea of 
tracing chords from roots seems to have originated 
with liameau in the latter part of the seventeenth 
century. 

Rope Crane A form of overhead crane 

driven by Rope Gearing (^.r.) 

Rope Gearing {Eng.) Power can be transmitted 
long distanc'es by means of ropes, which serve as 
belting. The ropes are allowed to hang somewhat 
loosely, and as the tension in them is small, they 
must run at a high speed. If the machinery to 
which the power is transmitted is not stationary, 
some arrangements must be made for “ taking up 
the slack.” This is usually managed by leading the 
rope over guide pulleys, which can be moved up or 
down as required, so that the necessary tension is 
maintained. 


Ropes. Ropes arc made of hemp, mauilla, cotton, 
or iron or steel wire. The size of a rope is its circum- 
ference in inches ; thus a six inch rope is one rather 
under 2 in, in diameter. 


Rope Wheel. A pulley with a V-shaped groove, 
often with corrugations along the inside of the 
cliannel, which is used when motion has to be trans- 
mitted from the rope to the wheel, or vice vernd. 


Rosaces {Botaiiy). A large and important order 
of IHcotylcdonn. Many of the plants arc of economic 
value (Rose, Apple, Plum, etc.), while others are 
cultivated as garden plants (Rose, Spiara».a, Geum, 
-etc.) 

Rosalia (ATw^/c), The device of rejieating a 
musical figure, transposing it one note liiglier at each 
repetition. This device should never be continued 
more than three times in succession. 

Rosaniline iCkem.) 

\c,n,NH,(4) 

Leucaniline, the leuco componnd of rosaniline. 

(Paratriamidodipheny Imetatoly 1 methane. ) 



no.c<^. C,n,NH„ 

Colour biise of rosaniline 
(Paratriamidodiphenylmetalolyl carbinol.) 


Rosaniline hydrochloride, commonly called rosaniline. 
Rosaniline itself would be 


"CJI.CHgNH- 

-C«H,NTL 

-CglI,:NH 


and is only known in the form of its salts, of which 
the hydrochloride and acetate too axe used as a dye 
under the names rosaniline, magenta, and fucheine. 
These salts form lustrous greenish octahedral crystals, 
slightly soluble in cold water, readily soluble in hot 
water or in alcohol, the acetate being more soluble 
than the hydrochloride. The solution is red. On 
adding much hydrochloric acid to the solution it 


turns yellow, owing to the formation of an acid salt. 
It dyes silk and wool bluish red, cotton mordanted 
with tannin and tartar emetio the same. When 
boiled with caustic soda solution the colour base is 
formed, and crystallises in white leaflets on cooling. 
Magenta forms a colourless compound with sul- 
phurous acid, which gives other dyes when aldehydes 
are added to it (Test for aldehydes). The constitu- 
tion is settled in the same way as that of Para- 
rosaniline (^.v.) Rosaniline is prepared by the 
oxidation of a mixture in molecular proportions of 
aniline, orthotoluidine, and paratoluidine : 

NH, NHj NH, 

0 O’- I 

CH, 

The oxidising agent is nitrobenzene in presence of 
iron and hydrochloric acid, and its mode of action is 
that described under pararosaniline (^.e.) That the 
nitrobenzene docs not act directly seems to be shown 
by tlie fact that if chlomitrobenzene is used, no 
chlorine substituted rosaniline is formed. The action 
is carried out as under pararosaniline. A number 
of important dyes are rosaniline derivatives. Acid 
wagenta is the sodium salt of rosaniline trisulphonic 
acid. lloffmanifCt violet is tricthylrosaniline, ob- 
tained by heating rosaniline, ethyl iodide, and 
alcohol together. lodhie green is pentamethyl- 
rosanillne, obtained by heating rosaniline, methyl 
iodule, and methyl alcohol together. Aniline blue : 
When phenyl groups are introduced into the rosani- 
line molecule the colour varies from violet to blue 
as the number of groups introduced increases from 
one to three. Aniline blue itself is triphenyl- 
losaniline, one phenyl group entering each amido 
group. It is usually met with as the hydrochloride 
which forms brilliant green crystals insoluble in 
water, sparingly soluble in alcohol ; the acetate 
readily dissolves in alcohol (spirit soluble blue). By 
tbe action of concentmted sulphuric acid one to 
four sulphoiiic acid groups may be introduced 
forming soluble aniline blues, which are much used 
as dyes. Aniline tdue is made by heating rosaniline 
(colour base) with a large excess of aniline and some 
benzoic acid to the boiling point of aniline for some 
hours. On treating the product with concentrated 
hydrochloric acid the hydrochloride separates out, 

Rob6 {llotany), liosa^ a genus of the order 
Eosaceee. From R. eentifolia is obtained the volatile 
oil known under the name of Attar or Otto of 
Roses. This oil occurs in the petals of the flower. 
Rosewater is also prepared from the petals. 

er Rosette (A rchitect.') The flower used in 

the centre of each of the concave faces of the Abacus 
of the Corinthian capital is known as a rose. A 
form of rose is also used as a repeating ornament in 
the Norman ** Rose moulding,*’ and the “ Tudor rose ” 
is an ornament freely used in I'erpendicular Gothic 
architecture. 

Rose Bengale. tSee Dyes and Dyeing. 

Rose Bit. A boring tool or bit whose shank or 
body is equal in diameter to the hole to be drilled, the 
cutting edges being formed on the end of the tool 
only. These cutting edges are usually in the form 
of radial teeth cut on the flat or rounded end of the 
bit. It is used for making a hole truly cylindrical 
after it has been drilled out nearly to size by an 
ordinary drill. 



moB 


623 


BOU 


Rom Madder (Paints) One of the lightest 
coloured of the madder lakes, but a Utile darker 
than pink madder. It is prepared from madder root 
and placed in a filter press, from which a clear liquor 
is obtained. On the addition (which should be 
gradual) of sodium carbonate, the colour is precipi- 
tated. See Maddeb. Much of the commercial rose 
madder is made from alizarin. See Lakes. 

RoMmary (Botany), The essential oil distilled 
from the inflorescence Rosmarinus officinalis (order, 
Labiata), 

Rom Quarts (Min,) A variety of Quabtz (q.v.) 
of a rose colour. 


RoMtte Copper (Met.) Copper obtained in thin 
masses by throwing oold water on the surface of the 
fluid met^. 


Rom Window (ArohUeot.) The richly traceried 
circular windows peculiar to the Decorated period of 
<lothic architecture are known as Kose Windows. 
These windows were de- 
veloped from the wheel 
windows of the Early 
English period, in which the 
arrangement of the mullions 
resembles that of the spokes 
in a wheel. Rose windows 
arc also known as Catherine 
wheel windows and Mari- 
gold winilows. 

Rosewood. See Woods. 

At o Robe Window. 

Rosin. See Resin. 



Rosin Oil (Deo., etc.) A heavy oil obtained by the 
dry distillation of rosin. It is mixed with lime for 
producing rosin greases, and used in printer’s ink 
and sometimes as a paint oil. It is, however, not 
suitable for the latter purpose, as although it hardens 
when first exjxised, it is very apt to afterward 
become soft. Three qualities of rosin oil are recog- 
nised, “hard,” “medium,” and “soft.” Specific 
gra\ity varies from 0-U80 to 0 990, but heavier oils 
are made. 


Rosolic Add (Chem.) 


vOH, 
/ • \OH 

C<^CeU,.OU 




O^stallises in red plates with green reflex ; very 
alightly soluble in water ; soluble in alcohol with 
orange-red colour ; soluble in alkalis with red colour. 
It gives a leuco-compound on reduction. Heated 
with water at 240°, it forms phenol and dihydroxy- 
phenyltolylketone, CJifill . CO . C«HaCH,OH. It is 
formed from rosaniline (q.v.) by diazotising it and 
boiling the hexazo-compound with water ; it is also 
formed by heating together phenol, cresol, arsenic 
acid, and sulphuric acid. A similar compound, called 
Pababosolic Acid, or Aurin, is obtained in a similar 
way from pararosaniline. These compounds are 
only used in colouring varnishes and lacquers. 


Rottnim (Architect.) A platform or other 
elevated place from w^hich a speaker addresses an 
audience. 


Rot. See Woods. 


Rotary ConYorter (Elect, Eng.) A machine by 
which a continuous current is changed into an 


alternating one, or vice versa ; both currents ti'flnsH 
verse the same armature winding. It is essentialfy 
an ordinary continuous current macbiDe« but ^ is 
provided, in addition to a commutator, with slip 
rings connected to definite points on the winding. 

Rotary Cutter (Carp.) A number of sep^te 
cutters analogous to plane irons, mounted in a 
central block (termed an Adzb Block) which 
rotates at a high speed ; used for planing, moulding, 
etc., on a large scale. 

(Eng.) A rapidly revolving wheel of 

hardened and tempered steel, furnished with teeth 
of suitable form; used in milling machines, gear 
cutting, etc. 

Rotary Enginei (Eng:) In many of the early 
forms of steam engine the chief moving parts had 
rotary, instead of reciprocating, motion. None of 
these forms were really successful, but their objects 
have now been attained in the Steam Tubbine 
(q.v.\ which, however, depends upon principles 
different from lliose of the early rotary engines. 
See also Steam Engine. 

Rotary Furnace ( ^) See Revolving Furnace 
and Pebnots Furnace. 

Rotary>Machine. See Typogbaphy. 

Rotary Pumps {Eng.) Centrifugal Pumps (q,v.) 

Rotary Strainer (Paper Manufac.) An apparatus 
used for removing small knotty pieces of material 
from beaten pulp. 

Rotary Transformer (Elect. Eng,) See Rotary 
Converter. 

Rotation (Astron.) The motion of a body round 
a cential axis, like the earth round its axis. 

Rotation of the Plane of Polarisation (Light), 
See Polarisation. 

Rotator (Met.) A Revolving Furnace (q,v.) 

Rotatory Power (Che^n.) See Moleculab Ho- 
tatort J’oweb. 

Rotor (Elect.) The revolving portion of an 
alternating or polyphase current motor. 

Rottenstone (Geol.) Certain limestones contain 
a large proportion of silica, originally opaline in 
character, and mostly of organic origin. When such 
lime.stones are acted upon by waters containing 
carbonic acid or the liumus acids, the lime is removed 
and the finely divided silica is left as a powder 
known as Rottenstone. Used for polishing household 
articles of metal. 

Rotunda (Architect.) A building which is cir- 
cular in plan, both inside and outside. The Pantheon 
ut Rome and the Albert Hall in London are examples. 

Rouge. A finely ground polishing powder of red 
colour, composed of ferric; oxide, usually prepared 
from one of the salts of iron (e.g. the sulphate or 
oxalate). The term Rouge is also applied to various 
mixtures which are used as polishing powders and 
possess the same tint; e.g. a mixture of powdered 
Talc (q.v.) with the flowers of the Safflower (j.v.) 

Rough Brackets ( Carp, and Joli.) (1) The wodd 
brackets behind a phister cornice. (2) The tiiangular 
pieces fixed to the carriages of stairs. 

Rough Cast (Build.) A style of plastering the 
outside of lialE timber houses, gravel being mixed 
with or thrown on the wet plaster, to which it 
adheres. 
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Rou^ Coat (Foundry), The first layer of loam 
applied to a core bar, et6., in bqiilding up a core or a 
loam pattern. 

Roogh Gnt (Eng,) (1) Applied to the coarsest 
tootlied files. (2) Taking off a quantity of material 
to bring it approximately to shape or to remove 
^«kih or scale from the surface. 

Roii^liill(f (Linen Marntfae,) The first process of 
hackling. It consists of drawing the rough flax in 
handfuls over coarse pins set in a block of wood, to 
comb out all short and twisted fibres and split up 
aill parcels of fibres that may be sticking together. 
Also termed “Rough hackling." 

Ronjhin^ Hole (Met.) A basin-shaped cavity in 
the ground into which the slag from a blast furnace 
is run and allowed to cot>l before removing to the 
cinder tip. It is used as an alternative to cinder 
tubs.' A conical steel pin is placed in the middle of 
the hoki, by which to pick up the slag “oyster" 
when cool. 

Roughing Oat (Eng.) Hhaping a piece of material 
in an approximate manner: applied esx»ccially to the 
preliminary stages in forging. 

Roaghing Rolls (Etuh) A rolling mill used to 
shape a bloom of pmldled iron into a bar })reparatory 
to the exact rolling which produces the final form. 
See Rolling Mills. 

Rough Heasupements (Eng., etc.) Approximate 
measurements gi\cn in the case of castings, forgings, 
etc. They are always larger than the proper dimen- 
sions of the finished object, thus allowing for 
machining and fitting. 

Rough Plate (Glass Manu/ar.) Sen Plate (}lass. 

Roulette (Engrav.) A tool consisting of a small 
wheel or dis<; of tempered steel attached to a handle, 
the edge of the disc being furnished with sharp 
teeth. Used in engraving for imparting tone or tint 
to a metal plate, or as an adjunct in etching. 

(Afath.) A plane curve traced out by a point 

in a curve, or in the plane surface enclosed by iho 
curve, which rolls (without slipping) on another 
curve. 

Round (Music). A species of infinite canon in 
which the performers begin at regular intervals 
and sing the same music, coming “ round " to t he 
beginning again after reaching the end. A round 
written out in full inst<‘ad of in scfire was called a 
“catch," but the term is also applied to a roun<l 
having humorous effects, a well known example being, 
“ Would you know my C'clia’s charms ? " 

Roundel (Her.) See Roundlkt. 

Ronnding (Bind.) Shaping the back of a book 
previous to backing and binding. This is effected 
by holding the book in a certain ()osition and striking 
the back with a hammer, the book being turned over 
from time to time until the back is a suitaidc shape. 

— — ( Leather Manu/a ^. ) H ide.s ci the r previous to 
tanning or after tanning and before* finishing are cut 
up into the butt or back, the shoukler, and the bcdly. 
This process is termed rCunding. 

Iffoundlet or Roundel (Her.) Small round discs 
of frequent occurrence as charges. The various 
tinctures give them distinctive names. If or^ they 
are blazoned “Vjezants"; argent., “plates"; azua^e^ 
“henries"; gules^ “Torteaux”; rert^ “jjommes"; 
psirpure^ “ (lolpes " ; sable, “ pellets ” ; 
“oranges”; sanguine, “guzes.” The last two are 


seldom seen. !nie Fountain 4b represented divided 
horizontally by wavj^ lines, i,e, harry wavy of 
argent and azure. 

Ronnd Nose (Eng,, etc,) A term applied to various 
tools with a cutting edge which is rounded, as seen 
on plan. 

Round Plane (Car)},) See Hollows and Bounds. 

Router (Carp.) A cutting tool fixed in a stock or 
body; the edge projects some distance below the 
sole or lower surface of the stock, and is used for 
cutting the bottoms of grooves and sunk surfaces 
in w'oodwork. 

Rove or Roving (Textile Mammae.) The term 
applied to the sliver or flat tape it is finally 
drawn out and has received a slight twist in the 
machine called the roving frame, preparatory to 
.•spinning. 

(Cotton Spinning), The final strand or 

coarse thread, slightly twisted, which is prodnce<l 
on the roving frame for the purpose of spinning into 
I a thread on the ring frame or mule. RometimcH 
j applied as a general term to the productions of all 
I fly frames. 

Rowel (//cr.) The end of a spur formed like a 
star or wheel ; replaced the earlier “ pryck spur ” 
about 1320. 

Row Tube. Tliis is a patented form of steam heat- 
ing lube, which, when formed into coils or batteries, 
gives much better results than plain copywr tubing. 
They arc also used for condensing waste steam. An 
ordinary copper tube is indented alternately at the 
sides and lop and bottom to Aield the following 
section • 


1 2 

The F>ti-am is thus baffled, and a much greater heating 
or cooling surface rendered serviceable. 

Royal ( Pa 2 wr Trade) Printing paper 20 x 25 in. 
Writing paper 19 x 24 in. 

Royal Academy. See Acadebiy, Royal. 

Royal Cord (Silk Afanufao.) See Ottoman. 

I Ru {('hem.) The symbol of RUTHENIUM (q.v.) 

I Rubato {Music). Robbed. In order to enhance 
the cxx>re.vslon of a passage some note.s of a bar are 
performed not in strict time, i.e. if part of a l»r is 
faster than the correct tempo, the remainder of the 
bar must be slowx*r, as the length of tlie whole bar 
must correspond with other bars. Mr. Fuller Mait- 
land says, in The Dictionary of M^usio a^td Musicians ; 
“Tempo rubato is allowable in the works of all the 
modern * romantic’ masters, from Weber ^downwards, 
with the exception of Mendelssohn. In the case of 
the olfler masters it is entirely aud unconditionally 
inadmissible, and it may be doubted whether it should 
he introfluced in Beethoven.” 

Rubber (Build.) See Cuttbb. 

(Joinery , etc.) An abrading surface^ such as 

sandpaper, wrapjKid round or attached to a of 
wood, which serves as a holder. Used for smoowing 
' wood ready for varnishing, polishing, etc. - ^ 
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Bubber (Indiarabber or Caoutchouc). An clastic 
gum or resin derived from a great variety of trees, 
vines, -and shrubs, most of which grow in the Torrid 
Zone. The latex or milk is obtained by making 
incisions ^through the bark, bat not as far as the 
wood. In the case of some vines and shrubs short 
lengths are chopped up and the rubber extracted by 
means of pounding and soaking in hot water. There 
are over two hundred varieties of rubber on the 
market— not because of any peat difference in 
the rubber, as rubber, but (jwing to the methorl 
of preparation, impurities present, geographical and 
botanical distinctions. The valley of the Amazon, 
consisting of hundreds of thousands of square miles 
of forests in Brazil, Bolivia, and IVru, produces 
annually about thirty thousand tons of ruViber, which 
is known as Bara (the name being derived from the 
city of I’ara, from wliioh tlie bulk of it was originally 
exported). This rubber is derived from the Jlerea 
hramlicmis^ South Atncric.a also produces otiier 
sorts of rubber, from the Cast'dloa rlastica, which 
is known as CextrALS ; and fiom the Atlantic States 
of lirazil arc obtained grades of rubber kiKAvn as 
('I3ARA, rKRNAMBuro, Mancjabeira. Africa comes 
next to South America as a rubber jiroduciug country, 
and the bulk of the rub\)er produced is from the 
Landotjfhia^ a vine ur creeper. C>thor sorts arc 
obtained from trt'fs and shrubs, the latter including 
a plant whos(5 roots, glowing to C‘)nsiderable distances 
imdergrourKl, \iel<l a rubber of fair ^aluc. Oibcr 
]X)rTion.s of tlie world produce -rubber also, but Afri(;ii 
and South America arc the principal sources. At 
the present lime vigorous efforts are being ma<U» 
to euUivate rubber trees in <’e\lon, India, Sti.dts 
S.'ttle.inents, Mexico, etc., and with great success. 

The Intcxnii, it issues from tlie tree resembles cream. 
Tlie iiati\es euivgulutc the rubber by different 
methods, the best known being the smoking process. 
The semi-liquid rubber is collected in a pan, and a 
broad slick thrust into it. A coating of the thick 
liquid covers this “ pad<lle,” which is then withdrawn 
nrul re\ (lived over a smok}' open lire until evaporation 
of the water Contents of the latex takes j)!a<’e. As 
soon as one film is dry the i)rocess is repeated until 
the rubber lorrns a solid ball of consuierabh* size. 
The bt»sT method, however, is that in use on cultivated 
j dan tat ions of rubber trees, and consists of washing 
The nibbcr, after it has coagulatc'd, jircssing into 
sheets, and drying thoroughly before sending it away. 

It is ne(‘eH.sary to understand the history of the 
rubber industry in order to appreciate the difficulties 
.and peculiarities of the trade. The first indication 
in literature of rubber occurs in a Spanish history 
of the Indies, published in 153G, in which a game 
of ball is mentioned, tlie ball being made of a 
different substance than “ that used by Christians.” 
A Jesuit priest later describes this ball as of solid 
matter, but extremely x)orous and light, and notes 
its properties of rebounding from the ground to 
a mucii greater height than the ball in use in 
Europe. About 1600 another Spanish author (’oni- 
ments on this ball ns being made from a “gum,” 
tlie product of a tree which, when the bjirk is 
cut, yields a milk. In 1615 still another Spanish 
author mentions the use of these balls, and calls 
Uic tree that furnishes the gum “the tree of Ule,” 
Ho states also that the conquering Spaniards coated 
their hempen cloaks with this “milk”; but while 


the cloaks were thus rendered waterproof, •ligb&Rnd 
heat soon destroyed the coating. A little befm 
a few samples of this elastic gum were reeled in 
Europe, but so rare were these that they sold at 
a guinea an ounce. Nothing more is recorded for 
over a century. In 1730 the exact form of the earth 
was one of the interesting tojiics of the day, ond^ 
the Baris Academy sent out two expeditions, one 
of which was under the direction of an eminoht 
naturalist named Lacondamine. In 1736 this scientist 
sent to the Baris A('.ademy a resinous mxi&s, of a 
blackish colour, which he calls by the native name 
of “ cahucliii,” afterwards spelled “ caoutchouc.” ' 

The attention of other botanists and explorers was 
attracted to this peculiar product, and search for 
it was made in other parts of the world, with the 
result that “ gums ” or “ resins *’ with similar proper- 
ties were found in (luiana, I’rincc of Wales Island^ 
Assam, and Madagascar. 

So much for the discovery of the crude material. 
M(*antime various scientists were experimenting in 
order to discover some method of employing it in 
the manufacture of articles for which its properties 
were obviously suitable. In 1768 it was known that 
pure ether, spirits of turpentine, and a sub.stanoe 
known as “ l)ippel*s animal oil " would soften -and 
dissolve, to a greater or less extent, this elastic gum. 
Ether was, of course, too cxj)ensivc for commercial 
pur[>ose.«!, and the commercial spirits of turpentine 
varied very greatly at this time and for long after- 
wards. Dippcl's animal oil was a thick, viscid, 
brown oil with an unpleasant smell, prepared by the 
destructive distillation of bones. By using on© or 
the other of these solvent. s, however, small tubes 
and .sucbhke were made in an experimental manner, 
Bricstly, tlic well known English chemist, in 1770, 
was the first to call tlio attention of the world to at 
least one of the properties of caoutchouc, namely, 
its power of effacing pencil marks, and it was this 
use that gave camitcbouc its popular and now general 
name of iudiarubber, i.c. a substance from India 
used as a rubber. By 1775 the use of rubber for 
this purpose was well established, and small squares 
of it could be obtained at most stationers’ shops. 
Although many other (?hemLsts, both in this country 
and in Brance. were stinlying the subject, very little 
ad>ancc wa.s made up to 1820. Indeed, all that ■was 
accomi)lished was the discovery of a slightly better 
method of making articles out of the crude rubber. 
The “bottles” of rubber (as they were then called, 
owing to tboir shape) were cut up into thin, narrow 
strips of the most convenient size. These were 
immersed in ether for a short time until they became' 
soft and swollen. The strips were then w'raiiped 
around a shape or m.mdrcl of suitable size, and a 
bandage twisted round so as to press the rubber 
together. As the ether evaporated the surfaces at the 
joins became amalgamated. In this way a number 
of articles were made which proved useful enough, 
but, of course, were clumsy and subject to many 
disadvantagcis. They bc('ame tacky in hot, and 
cracked in cold weather, and the rubber quickly 
deteriorated. Many attempts were also made to 
waterj)roo£ cloth by means of solutions of rubber ; 
but while some of these efforts doubtless proved 
successful for si^ecial purposes of limited scope, none 
proved of commercial impoi'tancc. The pioneer in 
rubber who advanced the industry most in England 


*The prommcSatlon of “caoutobduc” has given rise to much ombarranment as well as argiiment. There are at least six 
rSoogniiNK] pronunciations usoil in the trade. Webster states tliat tlio proper jironunciation is lliis is probably 

the wonut rendering. Two others only need be mentioned : eow-chookt and, to our mind best of all, as rasembllug the native 
uone, ea~0ot-ch€w. 
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Tvas Thomas Hancock. In 1820 he took out his first 
patent in rubber, but finding that with the crude 
methods then in use it would he impossible ever 
to bring rubber into extended use, he set about 
investigating the subject. He discovered that if the 
rubber as imported was subjected to heavy pressure 
and friction, such as would take place by its repeated 
passage between rotatory c>dinders, it became a 
homogeneous mass. The machine he invented for 
this purpose was first called a Pickle, then Masti* 
CATOB, the latter being the name now in use. 
Bubber, however, in its natural or cleaned condition 
becomes sticky in liot weather and cracks in cold. 
Further experiments were required in order to dis- 
cover some method of freeing it from these defects. 
The following is a brief list of the important 
discoveries : 

Watebpboofing.— Macintosh in 1823 discovered 
that coal tar naphtha would dissolve rubber, and 
w'ith this solution he coaled fabrics. The solvent 
evaporating left a thin film of rubber, thus render- 
ing it air and waterproof. Hiis is now known as 
1‘ROOFING, and the garments as mackintosbes. 

Vulcanisation. ruRiNG.—IVspite the progress 
being made in the use of rubber it had still the 
grave disadvantage of being influenced by change of 
temperatures. 1‘Iie discovery of a process for render- 
ing rubber indifl'erent even to extreme heat or cold 
was made independently by Charles Goodyear in 
America and Thomas Hancock in England. Vulcani- 
sation consists of the mechanical mixture of dry 
rnbhor with sulphur, and the expo.sure of the com- 
pound to heat (from 120“ to 136“ C. for varying 
lengths of time, from twenty minutes to three liours). 
The theory of vulcanisation as to w’hether a chemical 
change takes place or whether the action is catalytic 
i.s still in dispute. The effect of vulcanisation is to 
change the nibber from a plastic mass, which becomes 
sticky on heating and biittle on exposure to low tem- 
peratures, into a substance elastic, but not plastic, 
unaltered by moderate temperatures and much less 
liable to deteriorate by age. The Cold Cube is 
another method of vulcanisation which is applied 
to thin articles, and consists of mixing chloride of 
sulphur in bisulphide of carbon and Dipping the 
rubber in the mixturCi The effect produced is 
similar to vulcani.sation, hut only the gurfare of tho 
article is changed. Sec VuLCANi.siNG INGREDIENTS, 
Fillers, and Substitutes, below. 

Ebonite, Hard Blabber, Vulcanite. — Nelson 
Goodyear discovered that if rubber was mixed with 
a very large percentage of sulphur and exposed 
to a high temperature for a considerabie time, the 
result was a substance altogether different in pro- 
perties from rubber. Thi.s ebonite is akin to whale- 
bone in some of its projicrties, like ivory in others. 
Great modifications arc po.ssible, and depend upon 
the amount of sulphur and the lime the substancc-s 
are subjected to heat. There is, tlierefore, no true 
dividing line between a soft rubber and a hard 
rubber, nor is it possible to define a hard rubber. 
It may be made as flexible as wlialei^one or as stiff 
and unyielding as ivory, and the gradations between 
arc endless. 

Moulding. — Hancock in 1816 put into practice 
the system of moulding articles in rublier, an in- 
\eution of the utmost utility. This method of 
manufacture consists in filling a mould or sha|7e 
witli the sulphur and rubber mixture, applying 
pressure to the parts of the mould and vulcanising. 
The resulting product reproduces in permanent form 
the most delicate chasings and decorations both in 


soft rub^ and in ebonite, a good example of the 
latter being the fountain pens so common to-day. 

The Manufactubb of Bubbeb Abtiolbs.— A 
brief outline of the methods used in manufacture 
will give the reader a better knowledge of the 
subject than further details. The crude rubber is 
first put through the Washing Mill. This consists 
of two heavy fluted rollers revolving at different 
speeds. Tlio rubber is formed into a thin corrugated 
sheet by its frequent passage between tliese rolls, 
and thoroughly washed by a stream of water playing 
upon it during the process. In this state it is taken 
to the Drying Koom, where it is allowed to remain 
until every trace of moisture is removed. At the 
present time this slow method is done away with in 
some factories, and the rubber is put into a hot 
chamber or dried in vacuo. The dried sheets are 
then put through the Masticatob or Mill until it 
becomes a softened homogeneous mass. It is then 
put on to the Mixing Mill, where two rolls running 
at different speeds very quickly force into the rubber 
the sulphur and sucli other ingredients as may be 
thought best to add to the mixture. Sue Fillers, 
below. The mixed rubber is then put into moulds 
and vulcanised, or i>ut through the Calender, which 
is simply another form of mixing mill, and is used to 
form tlie mixed rubber into sheets of the mo.st con- 
venient size and thickness for subsequent use. The 
calender is also employed when the mixed rubber is 
to be used with n fabric. Both the fabric and rubber 
are passed through the rolls, and by means of great 
pressure the rubber is forced into the interstices of 
the fabric. 8omo calenders have smooth rolls, others 
have decorative lines engraved upon them, etc. 

After tlie rubber is got into the desired form it is 
vulcanised, that i.s, subjected to heat. The simplest 
form of vulcanise!* is that u.sed in the manufacture of 
nibbcr stamps ; this is simply a letter copying pre.ss, 
the bottom plate of which is licatod by a gas jet. 

Hollow Work. — ^I'hia merits special reference 
because of the almost universal use of article.s inauii- 
faciured by this method, i,e. bulbs, balls, dolls, etc. 
From the sheeted mixturv* of rubber and sulphur 
segments are stam]jed out of suitable size. These 
segments are tilted together in a mould, and a little 
carbonate of ammonia placed inside. The mould is 
then closed and put in the vulcani.ser. As soon 
as the heat reaches the carboiiate of ammonia it 
volatilises into a gas, which forces the rubber against 
the sides of the mould into evoiy crevice, and retains 
it there until it assumes a permanent form. 

Cut Wheet Work. — Many articles of rubber are 
priKluccd in a Himplo manner from shoeCs. Before 
vulcanisation the freshly cut edges of rubber have 
the property of great adhesiveness. In the forma- 
tion of articles from sheet, tlierefore, as soon as the 
sheet is cut into convenient size, the edges are put 
together and lightly i)ro8sed or tapr>ed, when they 
adhere, or a little solution is applied with the same 
result. 

VULOANI.8INO INGBEDIEKTS, FILLERS, AND SUB- 
STITUTES. — While sulphur is the princii>al substance 
used to bring about the change in rubber known ns 
vulcanisation, there are other substances containing 
sulphur which bring about the same result. The two 
most u.scd are golden sulphurct of antimony and 
sulphide of zinc. 

Fillers is the name, applied to a gicat number of 
Biibstanc(;8 mixed with rubber for various purposes, 
and as this portion of the subject is little understood, 
the following notes may show that mere adulteration 
is not the principal object aimed at. 
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The Elasticity of soft rubber goods is often 
increased hj the addition of vermilion and slaked 
lime, or by ^ mixture with asphaltom or oolopbony. 
The Resistancb to I^bssube is increased to a more 
or less degree by the addition to the mixing of zinc 
oxide, calcined magnesia, aspbaltum, or chalk. The 
Mechanical Stbenoth of soft rubber is improved 
by the addition of such mineral substances as 
magnesia, litharge, chalk, lime, zinc oxide, and in 
some cases by asphaltum, and, it is said, glycerine. 
The INBULATING Pbopbbtibs of pure rubber are not 
so great as a mixture of rubber and paraffin wax, and 
the addition to rubber of zinc oxide, lime, magnesia, 
and white and brown substitutes in comparatively 
small quantities also improves its dielectric proper- 
ties. The Bbsistanch to Acids is increased more 
or less by the addition of organic compounds. The 
Action of Oils upon rubber is lessened by the 
addition of litharge and zinc oxide to the mixing. 
Rubber by itself is not necc^ssarily the best material 
for a particular purpose ; in many cases it is the 
worst, (ir at least one of the worst. Tlie use of 
rubber is only the means to an end, and the whole 
art of manufacture is to arrive at the best means 
at the smallest expense. To illustrate the point 
take the case of rubber belting. Apart altrjgether 
from the expense of using pure'rubber, it would be 
Inadvisable to do so, since the elasticity of pure 
rubber subjected to the constant strain of the pulleys 
would result in the separation of the rubber from 
the fabric. In consequence* the elasticity has to 
be reduced and the mechanical strength increased. 
Now all inorganic (mineral) substances in a mixing 
reduce the elasticity of rubber, and, referring the 
above, it will be seen tliut the addition of such 
mineral substances as zinc oxides litharge, magnesia, 
etc., improves the mechanical strength of rubber. 
It is obvious, therefore, that in a belting the use of 
pure rubber would nt)t only l)e more expensive, but 
would be vastly IcSvS efficient than a mixing containing 
rubber plus something else. 

Substitutes for rubber are very numerous, but 
few have betm successful. 'Jlac latter are, as a rule, 
made from oxidised oils or from oils that liave been 
treated with sulphur or chlorine. These are useful 
for certain purix>ses w'ben mixed with rublwr, because 
they lessen the cost while not interfering with the 
efficiency of the article. 

Reclaimed Rumbbu.— This is now used in great 
quantities, and affords a perfectly safe method for 
the production of rubber goods at a moderate cost. 
Old rubber goods are collected and treated by one of 
several secret processes, which remove not only the 
dirt and fabric, but also a j)ortion of the sulphur 
used for its original vulcanisation. The rubber is 
ground into a fine powder, then sheeted, and sold in 
various grades, according to the class of material 
from which it was made. 

Rubbeb as Applied to Insulation.— In the 
electrical industiy rubber is widely applied as an 
insulating matcriaL It is used either in the form of 
a thin plastic inas.s, which surrounds the wire, and is 
then vulcanised, or in the form of tape, either for 
direct insulation or for making joints. In the form 
of Vulcanite or Ebonite it is of even greater service 
in the shape of plates, tubes, rods, handles for 
switches, etc. In submarine cable work vulcanised 
rubber has been used with success, though for some 
reason its use in this direction has never become 
very great. In 1904 a discovery was made by which 
rubber could be so altered in character as to present 
and aotually have most of the charaoteristios 


gutta-percha. This invention consisted ki the Inti- 
mate mixture of rubber with a wax whose meMnjg , 
point had been artificially heightened. Reports upon 
this invention show that so far as it has bron applied 
it fulfils its claims in a satisfactory manner, 

Rubben, Condenser ( Teaetile Manvfao. ) The pairs 
of rubbers which have a transverse as well as a 
rotary motion, so that they both rub and carry the 
sliver of fibres from the stripping roller to the con- 
denser, causing the flat sliver to Imve the form of a 
soft, unspun thread. 

Rubbing Board {Foundry). A small board used 
for smoothing flat faces of sand in large moulds. 

Rnbblework {Build.) Masonry built of irregular- 
sized or broken stone. 

Rnbellite {Min.) A red or pink variety of Tour- 
malin B {q.v.\ nsod as a gem. See alto PBECious 
Stones. This variety comes chiefly from Siberia, 
Ceylon, and Ava. 

Rnbens* Brown {Paint.) An ochreous brown, 
somcwliat lighter than Vandyke brown. It is now 
obsolete in this country. 

Rubens* Madder {Paint.) One of the madder 
lakes, rich in hue. Kow obsolete under this name. 
See LAitBS. 

Ruberythrio Acid {Chem.) CjJlg02(0H) . O . 
C,jH„ 03 ( 0 H) 7 . The glucoside of alizarin {q.v.) 
Yellow needles, soluble in hot water ; slightly soluble 
in alcohol; soluble in alkalis with red colour. 
Hydrolysed by dilute sulphuric acid to alizarin and 
glucose. It is obtained from madder root by boiling 
with absolute alcohol, 

Rubloelle {Min.) An orange red variety of Spinel 
used as a gem. 

Rubidium {Chem.) Rb. Atomic weight, 85. A 
silvery white metal ; melts at decomposes water 
like potassium, which it closely resembles. It may 
be obtained by heating the hydroxide with mag- 
nesiem. It occurs widely distributed, but in small 
quantity ; it is found in lepidolites, in camalJite, in 
many mineral springs, in nrgol, tobacco ash, in beet- 
root.* Its salts are quite similar to those of potassium, 
but the platinum double chloride is much less soluble 
in water than that of potassium, and this fact enables 
them to be separated. Rubidium gives a charac- 
teristic fli^mo si>ectrum, two lines in the violet and 
two in the re»i being very characteristic. Rubidium 
bromide is occasionally used in medicine. 

Rubric. (1) A mediaeval manuscript or early 
printed book in which the initial letters were written 
or printed in rod, or in which some portion of the 
text was written or printed in red to distinguish it. 
(2) The title of a statute, which was formerly written 
in red ink. (3) In prayer books, the directions for 
conducting the service, often printed in red ; hen* c 
(4) An ecclesiastical injunction or rule. 

Rubricated Letters {Typog.) Initial or capital 
letters printed in red ink. 

Rubus {Botany). An impoiiant genus of the order 
Bosacae^ including the R.aspberry {R. idaus)^ Cloud- 
berry ( It, chameemoriDt)^ Blackberry {R. fruHeoeus)^ 
Dewberry (/f. otesius). 

Ruby ( T yi^oy.) See Type. 

3 Almandlne {Min.) A violet variety of 

Spinel {q.v.)^ used as a gem. 

, Balas {Min.) A rose red variety of Spinel 

(q.v,), used largely as a gem under the name Ruby. 
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Ruby, Oriental This is the true Ruby; 

it is II variety of CoBUNDUM (g'.r.) of a characteristic 
reel colour, known as “ pigeon’s blood.” The chief 
localities for the true Ruby are Biirmah, Ceylon, and 
China. S:-e ahto J’RECious Stones. 

Ruby Pin or Roller Pin OVatchci), The impulse 
and unlocking pin of a lever escapement, acted upon 
by the fork of the lever, and fixed in the roller on 
the balance staff. See Lever Escapement. 

Ruby Silver (d/i».) Sec Tyrargyrite and 

I*nOUSTITE. 

Rttdented (^Architect,) See Cabled Column. 

Ruhid (Mmic), The German equivalent to Cal- 
mato. Quiet, calm. 

RuhmkorfTs Coil An Induction Coil 

Rule Carj}„ctc.) The measuring instrument 

used in a great variety of trades. It is usually made 
of boxwood or of steel, and divided into inches and 
fractions of an inch. &'c Weights and Me \surbs. 

C J^trips or lengths of metal or w^)od 

of the same height as type and of different wiilths. 
The face or printing surface may be jilain or onia- 
inental. Brass rule ranges from 12 to pica up to 
pica in thickness ; zinc or wood rule usually from 
nonpareil upwards. 

Rule Border {Tijpog,) Metal or other border 
lines to form a frame or line round ;i page. 

Rule Gutter ( Typog.) A small macidne for cutting 
bras> or other rule in required length.s. 

Ruling Gradient {Chnl Eng.') Str Gradient. 

Rum. A spirit obtaine I by (li^tiliati(*n trom 
the fermented skimmings of sugar boilers or tlio 
drainings of sugar barrels. When linst distilled it 
is colourless, but is afterwards coloured with burnt 
sugar. The amount of alcohol present is from oO 
to 60 per cent. 

Rumble (Eng.} A revolving cylinder, inside 
which small castings are sometimes jiiaced, in order 
that the sand, etc., from the mould may be removed 
by their rubbing together 

Rnmford’s Photometer (Light}. See Thoto- 

MKTERS. 

Run (Bvild.^ etc.) A term applied to Lineal 
measurements, which are said to be made by the 
“ foot run,” etc. 

(Eng., Carp., etc.} The deviation of a tool, 

e.g. a saw or drill, from its projicr direction while in 
action. 

(Mining). (1) The direction of a vein, (2) 

The falling in of parts of a working. 

(Printing}. The number of impressions 

taken from a forme. 

(Textile Manufac.} An American counts base 

for yarns, being a length of l,60f) yards. A l-run 
yarn equals 1,600 yards to 1 lb. See Counts. 

Runner (Foundry}. The channel by w'hich fluid 
metal runs into a mould. Cf, Gate. 

Runner Head (MovXd/ing}. Tlie ma.ss of solidifled 
metal filling the top of a runner (q.v,} These i^ieccs 
of metal are usually broken off while still hot. 

Rniiner Pin or Stick (Fmtndry), A rod used for 
forming a runner (q.v.} in a mould ; it serves as a 
pattern for the channel, and is withdrawn in the 
usual way after the sand has been rammed round it. I 


Runners (Typog.) Figures placed down the side 
of a page to indicate the position and number of a 
particular line. 

Running (Musie). A defect in an organ which 
allows a pipe or pipes to speak when only one or two 
soft stops are drawn out. It is caused either by the 
upper board {»ec ORGAN, p. 439) not being screwed 
down tight, or by the wind getting from one channel 
to another. 

Running Centre Chuck (Eng.) A Driving 
Chuck (q.v.) 

Running Down {Met., etc.) Melting a quantity of 
metal. 

Running Gate {Foundry.) A IIunner (q.v.), as 
ojqMJSed to a UiSER {q.v.) 

Run On (Typog.) See voider Troof Corrections. 

Rupert’s Drop {Glas9 Mamifav.) A small portion 
of molten glass, in the shape of a tear, which has 
been dro]'pv.*d into boiling water, thereby becoming 
case hardened. Should tlio end of the tear be 
broken or the surfaf*e cut, the entire mass will break 
up into small fragments. This shows the necessity 
for annealing glass. 

Russia Leather. Originally a si^eciality of llussia, 
where it was made from the skins of young cattle, 
but iK>w made in many other countries besides and 
from various skins, c.g. sheep and goat skins. After 
being tanned like other light leathers (nee Leather 
Manufacture), it is treated on the llesU side with 
an oil distilled from birch bark and buds, which 
gives it the characteristic smell. Genuine Russia 
leather is \ery durable and is extensively used in the 
more oxiiensivo styles of bookbinding. 

Rust (Chem.) A name given to the product formed 
hy the (*xi<lation of iron under vari(uis conditions. 
I? iron is strongly heated in air it forms a liii.’tturc 
of oxides varying in composition betw'een Fej,<>^ 
and Fe/lg, the latter being the richer in oxygen. 
Wlien iron is exposed to air at ihc ordinary teiniHTa- 
ture it slowly rusts ; tliis also is a process of o.xid.a- 
tion, leading ultimately to ferric hydroxide, Ko(OlI).,; 
iron docs not rust in quite dry air, but ordinary air 
contains water vapour and carbonic acitl, and these 
cause iron to rust in air. The action i.s fardlitated 
by presence of acids and retarded by alkalis. To 
Ijrevcnt iron ru-stiug it is galvanised — that is. coated 
with zine ; or it is treated by Barff s process (q.v.) 

Rufiiication {Architect.) Any method of empha- 
sising the joints in ina.sonr}’. This can be done either 



by rebating, chamfering, or moulding the stones nt the 
joints, or by several methods of working the face of th.e 
stones, such as vermiculating and hammer dressing., 
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Rusting. The surface of iron is sometimes coated 
with rust intentionally* e,fi. iron patterns are rusted 
and then varnished with shellac. 


SacchaFimetry. The measurement of the amount 
of sugar in a given volume of solution by means of a 
BACCHABIMETBB. Stit POLABISATION. 


Rust Joint {Eng,) A joint in iron piping made by 
filling up the gap with a mixture of iron turnings 
and sal ammoniac (ammonium chloride) ; this rusts 
into a hardy watertight mass. 

Rustre {Hvr,) A pierced lozenge. The piercing 
is round and must not bo confused with the Mascle, 
which is a lozenge voided. See under Hebaldry. 

Ruthenium ( 67/m.) Iln. Atomic weight, 102. A 
rare metal occurring in small quantity along with 
platinum. It is white, very ditficultly fusible, in- 
soluble in acids, oxidist‘d on heating in air. It forms 
chlorides, IluCljj and R 11 CI 3 , and oxides, RuO, llu^O,, 
RuOy, and llut\. KuO. is volatile. It also forms 
ruthenates (red coloured) and perruthenates (green 
coloured), which resemble the manganates ana per- 
manganates in their behaviour. 


Saccharin ( Chem.') This name has been given to 
two totally different compounds : (1) The LagtONB 
OF SAGCHABINIO AGID— , 

CII 3 

CH,OH . CH . CHOH . C . OH, 



Tt is a solid which crystallises in shining prisms 
showing double refraction. It is obtained by ^ding 
fresh slaked lime to a boiling dilute solution of 
dextrose or Ispviilose. The calcium is removed from 
the cooled and filtered solution by carbon dioxide 
and oxalic acid. On concentrating the filtrate from 
the calcium carbonate and oxalate, saccharin crystal- 
lises out after some time. (2) The Akiiydkidb of 
Obthosulphamidobbnzoig Acid— 


Rutherford's Maximum and Minimum Ther 
mometer (Jleat). See Maximum and Miximu.\i I 

Tiieumometers. I 

Rutile (-1////.) Oxide of Titanium, TiOj. Titanium i 
« 61, oxygen =* liO per cent. Tetragonal, often in 
acicular aggregate*', sometimes radiating through | 
Quartz crysLals. Colour brt>wii to black. Some- | 
times in geniculate twins. Some localities are Glen . 
Finnart, Crianlaricli, and Killin, in Scotland; Co. j 
Donegal ; Limoges; Castile ; St, Cothard ; Brazil; j 
Brevig, in Norway ; Massachusetts, etc, i 

Rybat (Jiuild.) A Scotch term for the stones i 
(iiiband and outband) that form the reveal, re^'ess, j 
and jamb of an opening. ] 

Rye. Strale cereale (onler, Gramhie<F), In corn- ! 
position rye closely resembles wheat, its pruteids 1 
forming, with the afUlition of water, a kind of glutin. ! 
Bye Vjrcud in nutritive value falls little short of wheat, : 
but it is somewhat heavy, very acid, indigestible, and ■ 
apt to cjtuso diarrluna. 

Rymer {Eng,) A Beameb ig.r.) 

S The symbol for HULPIU'R O/.r.) 

Sable (///’/*.) Black. Tliis tincture is represented 
by vertical and liorizontal lines crossing. See 
h’eualdrv. 

Saccharic Acid (6V/m.) rOOn(CHOIl),COOH. 

A white deliquescent solid ; soluble in water and in 
alcohol ; d( 3 Coraposes at 100^ ; its solution is dextro- j 
rotatory, and the rotation increases on standing. It j 
readily forms a lactone — 

coon . CHOH . CII . (CHOH ) ,00 

i 

which crystallises in leaves. The acid does not 
reduce Folding’s solution, but reduces tvarm am- 
inoniacal silver nitrate. Ilydrocldoric acid r-educes 
it ill ])art to adipic aedd, COOJI(Cll,.),COOIf ; cun- j 
centrated nitric acid oxidises it to oxalic and tartaric 1 
aedds. Its ammonium salt yields jiynolc C^.r.) on dry ■ 
distillation. Saccharic acid is prepared by oxidising i 
glucose or starch with nitric acid of specific gravity 
1-15. The acid is isolated by making the acid 
potassium salt, which is sparingly soluble in water, 
decomposing this with silver nitrate, and treating 
the latter with hydrochloric aci.l. 

Baccharlmeter. An apparatus for measuring the 
amount of rotation of the plane of polarisation pro- 
duced by a solution of sugar or other optically active 
substance. See Polarisation. 


rXH 


/CO 

cyi. < 

\so. 

It is known by many names, e.g. sulphobenzoimide, 
benzoylsiilphonamide, etc. It is usually met with in 
the forru of a white i)ow'der, which really consists of 
vci-y small ciystals ; melts at 220^ ; sparingly soluble 
in cold water, much more soluble in hot water and in 
alcohol ; soluble in acetone, from which it crystallises 
well. Saccliarin has an intensely sweet taste ; esti- 
mates of its sweetness vary from 240 to 650 times 
that of cane sugar (according to the purity of the 
product and delicacy of the sense of taste in the 
ob.seiTer) ; hence it is now much used as a sweetening 
agent, but-, unlike sugar, it is not a food. Like other 
imides, it behaves as an acid, forming salts with 
alkalis which arc very soluble in water and still 
retain the sweetness of saccharin itself; also it forms 
an ethyl derivative with ethyl iodide, which is taste- 
less, and an acetyl derivative with acetyl chloride, 
baccharin is prt;])ared from toluene by acting upon 
it with concentrated sulphuric acid at a temperature 
not exceeding 100^ ’Jhe mixture of ortho- and 
paratoJucnc sulphonic acids is made into the sodium 
salts, and these are acted on by phosphorus trichloride 
in a stream of chlorine. The phosphorus oxychloride 
produced is distilled off, and on strongly cooling the 
remaining liquid much of the paratoUiene sulphonic 
chloride crystallises out. The still liquid portion is 
treated with dry ammonium carbonate wdicn the 
amide is formed. The amide is oxidised by potas- 
sium permanganate solution, the liquid being always 
kept neutral by addition of alkali as required. The 
changes are summarised thus : 

CH, 

^ ^,011 ^ 


CIL 


CH, 


0 -< 


QS0,( 

('ll, 

0 

so. OH 


0 

CI13 

0 


soxi^ 


SO..C1 


COOH 


CO' 


Prepared in this way the product is contaminated 
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with 30 to 40 per cent, of paTasulphamidobensoic 
acid. To free it from this, advantage is taken of the 
fact that the paxa-acid is almost insoluble in hot 
xylene, while saccharin is easily soluble (patented 
process). Saccharin is also made by other pro* 
cesses, all protected. Owing to its extensive use 
as a sweetening agent in place of sugar, there is a 
heavy duty (twenty shillings per pound) on saccharin. 

Bsuschapoae ( Chem.) A name for Cake Sugar 

Backlmt (Music'). A musical instrument. (1) 
That mentioned in the Bible was a species of harp. 
(2) The old English bass trumpet, ha\ ing a slide like 
a trombone. 

Bacring Bell, Bancte Bell, Sanctua Bell. In the 

Boman Catholic Church Ihe small bell that is rung 
at the singing of the Sanetus and the Elexatiou of 
the Host. 

Bacriaty (Architect.) A room either in or ad- 
jacent to a church. It contains the vessels used 
in various ceremonies, and is used as a robing room 
by the priest. It is more generally known as the 
Vestry. 

Saddle (AV/y.) (l) The support or bed on which 
a boiler rests. (2) The baseplate of various parts of 
machines, especially the baseplate of a Slide Best I 

(ff.f.) 

(Plumb.) The piece of lead over the rolls 

(^•v.) on a flat. 

Saddle Backed (Build.) A form of coping stone 
weathered (sloping) on the top towards both sides 
of a wall. 

Saddle Boiler (Build. ) A form of boiler used for 
heating water in a house. The boiler is arched at 
the base, the arch serving as a conduit for the pro- 
ducts of combustion between the grate and the 
chimney. 

Saddle Cramp ( Carp, and Join.) A wooden cramp 
for wedging-up stairs. 

Saddle Flange (Bug.) A support curved so as to 
fit a cylindrical object which rests upon it, e.g. a 
large pipe. 

Saddle Key (Eng.) A Key (q.r.) whose lower 
surface is curved so as to rest on a shaft, instciid of 
being let into a recess or key way or lying on a flat 
fileil on the shaft. 

Saddle Tank (Eng.) A water tank fitting over 
the boiler of a locomotive, like a pack saddle. 

Safe (Plumb.) A lead tray laid under baths, 
closets, etc., to catch water that splashes over. 

Safe Edge (.Eng.) An edge of a file which is left 
unprovided with teeth; it can be used in an angle 
or corner in order to act on one surface only. 

Safe Load (Eng.^ etc.) The amount of load or 
force to wliich a structure or member of a structure 
can be subjected without risk. It should be so chosen 
that the stmins produced always lie well within the 
EtASTio Limit (g.v.) of the material. 

Safety, Factor of (Eng., etc.) Bee Factor of 
Safety. 

Safety Fuse, Cat Out, etc. (Elect. Eng.) A device 
by which a circuit is broken when the current in it 
rises above a certain value. A Fuss is the simplest 
form ; it consists of a short wire or strip of tin or 
some fusible alloy, which melts if the current rises 
to a certain value. 

Safety Ladle (Met., Foundry, etc.) A large 
foundry ladle, provided with gearing by which it 
can be tilted gradually without the risk of over- 
urnlng. 


Safety Lamp (Mining). A lamp designed to give 
light in gaseous workings without the danger of 
igniting inflammable mixtures of firedamp and air, 
Ihe construction of the ordinary safety lamp is 
based upon the principle that although air can enter 
through the meshes of a wire gauze surrounding the 
flame, no flamo can pass from the inside to tho 
outside of ihe gauze, because the metallic wires 
conduct away the heat so quickly that the tempeni- 
ture of ihe gases outside cannot rise to the point of 
ignition. There ore many types of safety lamps, 
but although they d lifer from each other in such 
details of construction as size, shape of glass and 
gauze, method of lighting and locking, arrangements 
for testing for gas, the wire gauze is retained in 
every type, no better means of preventing the com- 
munication of flame from tlie inside to the outside of 
the lamp having been discovered. A few electric 
lamps are in usti, but these are unsuitable for fiery 
mines, as it is necessary for a ^amp not only to be 
safe in inflammable mixtures, but to give immediate 
indication of the presence of gas in tho workings. 
Sec Meticakc. 

Safety Lift (Eng., etc.) A lift or hoist provided 
with some means of preventing a sadden descent. 

Safety Plug (Eng.) A plug of fusible metal used 
in boilers, etc. It melts and allows the escape of 
steam if tlie Umiperaturc (and therefore the pressure) 
rise above a certain point. 

Safety Valve (Eng.) A valve in a boiler which 
opens and allows the escape of steam when the pres- 
sure exceeds a certain value. The valve is kept closed 
! cither by springs or by properly adjusted weights. 

The weights may act directly (as in the Cowburn 
; valve) or may be attached to a lever, in which Ciisc 
• tho force exerted on the valve is adjustable within 
, certain limits. See Steam Ekgike. 

I Safflower (Botany). The compressed flowers of 
I Carthamns tim'iorius (order, Compositfc ) — a plant 
i cultivated in the south of Europe, Egypt, etc— are 
; used as a yellow and red dye for silk. When pow- 
’ dered they are the source of ouo kind of rouge (j'.r.) 

I Saffranines ( Chem.) A class of dyes the Rim]>lest 
ineinl)er of w hich is P/trai^-yfl^mHi/ut^diamidopbenyl- 
I idienazonium chloride) — 


( 2 )/^\ ( 2 ) 
I ''.n 


(!>' 

>C.H, 

01/ 



which forms green leaflets or steel blue needles, 
according as it is crystallised from dilute hydro- 
chloric acid or water. Its solution is red, and the 
alcoholic solution shows yellow-red fluorescence; 
with a large excess of hydrochloric acid it is blue 
(diacid salt); with concentrated sulpliuric acid the 
solution is green (triacid salt). It dyes cotton, 
mordanted with tannin and tartar emetic, red ; on 
silk it gives a rose colour. On reduction with 
stannous chloride it yields the Icuco-oompound ; 
on exactly precipitating the sulphate with baryta 
water it yields the colour base which has the same 
colour as its monacid salts (red). Phenos^ianlne 
is obtained by oxidation in neutral solution with 
potassium diebromate, of (1) a mixture of para- 
phehylenediamine and aniline in the proportion o£ 
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one molecule of the former to two of the latter; (2) 
a mixture of dipara-amidodiphenjlamine and aniline 
in molecular proportions. An indamine is an 
intermediato product. Ordinary saffranine is a 
mixture of pbenotolusaffranine and tolusaffraninei 
and is obUined by oxidation of a mixture of aniline, 
orthotoluidinef and paratoluylenediamiue-* 

CH, 

It is a red-brown powder. Its properties are very 
similar to those of pbenosaffraninc. A 0*1 per cent, 
solution in presence of caustic potash forms a delicate 
and reliable test for sugar (dextrose) in urine ; the 
dextrose turns it yellow on warming. 

Baffipon The dried stigmas of the 

flowers of CVocus mtivus (order, Iridaeeat) yield the 
Haffron of commerce. It was once used as an 
orange dye, but is now chiefly employed as a flavour- 
iug agent. 

C.CII,.CIl:CII, 
Safrols. (1) Safrol, | | 



(Allylpyrocatcehol methylene ether). A colourless 
liquid ; melts at ; boils at 232“ ; the smell of 
essential oil of saasiifras is due to safrol, which 
forms about fx) per cent, of this oil. It is largely 
use<l in i)er fuming cheap soaps. It occnirs in oil of 
sassafras, oil of camphor, and in the oil from ilieinm 
religiomm, Fr<»ro the first of these oils it is easily 
obtalueil by fractional distillation and freezing of 
the fractions ; oil of camphor also furnishes large 
amounts of safrol. When heated with alcoholic 
potash it is converted into 

C.CH:CIi.Cir, 

IIC;^0II 

(2) ISOSAFROL, 

HC CO''\ 

^ 

CPropenylpyrocatccholinethyleiic ether), A colour- 
less liquid ; boils at smells like safrol, but 

weaker. It is made from hafrol, as mentioned 
above. On oxidation with potassium dichromato 
and sulphuric acid, it gives pipcronul and acetalde. 
hyde. See Piperohal. 

Bag iSfig., etc.) A bending downward, produced 
in a member of a structure eilher by its own weight 
f)r by the load whi<‘h it carries. See Deflection. 

Bagger ( Met . ) A oast iron box or crucible in whicli 
castings arc packed for annealing in the preparation 
of malleable cast ings. 

{Pvt.) See Begoab. 

Sago {Botany). The starchy matter obtained 
from the pith of the 8A60 Palm {Mrtroitylon sagu ; 
order, Palnive), a native of the hast Indies, It is 
prepared by crushing and repeated washings, 

Bagum {Archaol.) The cloak of tie Homan 
soldier, consisting of an oblong piece of coarse clotli 
fastened on the left shoulder, (y. Chlamys arid 
Toga. 

Saint Bees* SandstoneB. Building Stones. 

Saint Elmo*B Fire {Meteorvl.) An electrical dis- 
charge re^e^nbling the brush discharge of electrical 
macLines, seen at the tops of trees, spires, masts, 
and other pointed objects during thundcrslornis. 


Salade {Arm.) An open form of helmet or head- 
piece, sometimes provided with a movable rleor; 
worn in the fifteenth century and after. It succeeded 
the bascinet {q.v.) See alio Abmoub and MOBtOSr, 

Sal Uembroth {Chem,) See Mbbcuby Com- 
pounds. 

Salamander {Met.') The mass of hard slag which 
remains on the hearth of a furnace when the fires 
are drawn. 

Sal Ammoniac Ammonium chloride. See 

Ammonium Compounds. 


{Min.) Ammonium chloride, NILCl ; cubic; 

occurring in minute octahedrons or as an efiloresoence. 
White or yellowish. Very soluble in water. It is 
found rarely in relation to some coal and shale beds, 
as at Hurlet, near l^iisley; more often in volcanic 
regions, as at Vesuvius, Etna, and StromboU. 


Balcionaly Ballcet, or Salicional {Mmir). An 
organ stop of soft tone and reedy quality, and having 
a very small scale. It is very similar to the dulciana. 


Salicaeea {Botany). A dicotyledon order, in- 
cluding the Willows and Poplars. 

Salicin (67/^?m.) 

^cn,on 

A glucosidc. It forms small shining trimetric 
crystals; melts at 18b®; soluble in water (1 in 23) 
and in alcohol ; bitter taste ; Isevorotatory. U.sed in 
medicine as a btomaehic and in rheumatism. On 
gentle oxidation by nilric ncid it yields the aldehyde 


helicin — 


cjr 


Clio 


Hydrolysed by ptyalin, emulsin, and dilute acids to 
glucose and saligenin, the latter resinising when 
acids arc u.sed. It occurs in the bark of many 
varieties of willow and poplar. It is obtained from 
willow balk by boiling with water, filtering, and con- 
centrating ti.c filtrate, which is then digested for 
twenty -four hours with oxide of lead ; on filtering and 
evaporating to a syrup, the salicin crystallises out. 


Salicylic Acid, 


C.OII 

HCi^'^c.coon 

Hcl^cn 

CH 


(Ortlohydroxybenzoic aeid). White small needles 
usually, or long needles or prisms ; melts at 156° ; 
slightly soluble in water (1 part in 444 at- 15°); 
much more soluble in hot w*atcr ; soluble in alcohol, 
ether, and chloroform ; taste sweet first, acid to 
burning afterwards. Powerful antiseptic, and there- 
fore largely used as a food pre.®ervativc, especially 
in jams, which practically always contain it (1 in 
3,500 and more)r iise<l in medicine, both as an 
ointment and as a specific in rheumatic fever. (Tho 
sodium salt, wliicli is much more soluble in water 
than the acid, is much used.) The artificial acid is 
liable to contain pnraliydroxy benzoic achl and the 
methyl hoinolognos of salicylic acid, of which ortho- 
cresotio acid, . CH, . OH . COOIT . (I ; 2 : 3), is 
certainly poisonou.s; but by using puie phenol nml 
properly regulating the tempeiuture the artificial 
acid call be obtained pure. Salicylic acid distils in 
steam ; ferric chloride gives a violet colour to its 
solution. When heated alone it gives some salol 
{q.v.) and xanthone {q.v .) ; heated with soda lime, 
it gives phenol. On reduction with sodium 
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and fliuyl alcohol it ^ives normal pimelic aoid, 
€0011 . (CiyiOOOH. Vvith caustic potash or soda 
it forms two scries of salts, e,g. 


c,n. 


y'on 

\C00K 


and Cgll^ 


\C00K 


the latter, formed by using excess of the alkali, 
being decomposed by carbonic acid into the former. 
Salicylic acid occurs in the form of its methyl ester 
in oil of wintergreen and oil of sweet birch (Betula 
\ both oils contain about 99 jier cent, of the 
ester. It is prepared from these by hydrolysis with 
caustic soda — 

/OH /OH 

CfillX +XaOn = CcTT/ +C1T,0II. 

\c 00 cn, \C00Na 


The methyl alcohol is distilled over; the residual 
liquid is diluted, filtered, and acidified with hydro- 
chloric acid, when the salicylic acid crystallises out. 
It is purific<i by recry.stallisation. The artificial acid 
is prepared from sodium phenatt*; phenol is dissolved 
in oauitic soda, and the solution evaporated to drj’iicss 
with constant stirring : 

C^HjOII + NaOlI = r,Tl,ONa + JUX 

Sodium Phouate. 

The dry sodium plicnatc is heated in a stream of 
carbon dio.\idc at ISO to 2(KV^, wlicn phenol subliiucs 
and disodium salicylate remains : 

/ 02s a 

2C,H50Xa + C0..«CJI, ^ +C,lI;iOir. 

\ COOXa 


The acid is liberated from its disodium salt by hydro- 
chloric acid. If potassium phenate is used instead 
of sodium phenate, a mixture of the dlpota.'5^lUln 
salts of ortholiydruxy- and ^larahydroxybcnzoic acids 
is obtained at*loO® ’; at 220'’ only dipolas.-.ium para- 
hydr»>xy benzoate is formed. Another metluKl is to 
beat the sodium phenate at 120’ to 130'’ with Ccarbon 
dioxide under pressure, when the sodium jiLon} I 
caibonatc first formed i.s converted by a molecular 
rearrangement into sodium .salicylate : 


. ' 0.\a 


C^ir.OXa + CO.^CO 


\orA' 

/OXa /Oil 

co/ 

\orji. \cOOXa 


from which the aoid is obtained above. Salicylic 
acid can be obtained in many otlier ways, e,ff. fn)m 


anihraiiilic acid (y.r.) by the diazn-ieaction (y.r.) ; 
by a modification of lleimerV reaction 


Salicylic Acid in Foods ( VoofU), Salicylic achl i.s 
frequently .added to milk anrl other articlcc of food as a 
pi eservati ve. According to a report of a Departmental 
Committee of the Local Government Hoard in 1901, 
salicylic acid should not bo used in largf r proportion 
than one gniin in a pint or iKmnd of food. 

/Oil 

Salicylic Aldehyde ( au m,) ( ,11 , / ( l : 2). 

/:iio 

A pleasant smelling, colourless liquid ; boil.^ at 100° » 
soluble in water; ferric chloride colours its solutinn 
violet; distils in steam. It is used in perfumery, 
and as a flavouring agent for liqneuis. It is easily 
oxi(li.sed to salicylic acid, and reduced to saligenin. 
Docs not reduce Fehliug^s solution. It occurs in oil 
of meadowswci t. Salicj lie rddehyde is obtained by 
distilling a mixture of sulicin, pot^isslum diebromate, 


and very dilute sulphunc acid, and extracting the 
distillate with ether. It is also obtained by lieimer's 
reaction iq.vJ) 

Salient {Her,) A beast in the act of springing. 
See Lion Salient. 

Salient Angle. An external angle, one in which 
the apex points outward. 

Salient Pole {Elect, Eng,') When the poles of a 
dynamo project inward towards the arm.^tim% from 
a closed ring of iron, and are c'acli magnetised by 
one coil only, they are termed Salient Poles, as 
distinguLslicd from Consequent Poles Qi.v.) See 
Dynamo, Fig. 1. 

/on 

Saligenin ( (. hem,) CJl/ (1 : 2). 

\riL0II 

The alcohol corresponding to salicylic arid. It is 
a white crystalline solid; melts at 82°; soluble in 
water, alcohol, ether. It is formed by the hydro- 
lysis of saliciu C«/.r.) ; also by condensing pi enol 
with cither metJiylene chloride, CH/'l.^, or fornialde- 
hvde with cau'^tic .soda. Ferric chloride gives a blue 
colour with saligenin. 

Salinometer (AV/.) An instrument for ascertain- 
ing the amount of dis.solvetl .salt in the water ust*d in 
ships’ boilers, etc. The .salt increases the density 
.and raises the boiling point of the water. If either 
of these quantitie.s be determined, the amount of 
salt can be found from tables; or the amounts cor- 
responding to givrm dcn.sities or given boiling pfunts 
! may be marked on the instrument, 
j Saliva {Zool.) The fluid secreted by the salivary 
! glamls. It consists of water containing nuiciu, 
i i^tyalin (a ferment acting on starch), J^nd .small 
quantities of various .^alt"-. It i> the first of the 
• various fluids which act upon food in the processc'* 

I of digo.>^ti'>n. 

! Salle {Paper Mamtfar.) A room devoted to sorting 
; and i)acking sheet.'* of paper. 

/OH 

Salol {(^hevi.) (.'JI, (Phenvl sali- 

^ foofelf; cylato). 

A white crystalline solid with faint aromatic smeli ; 
i imdts at 13’ ; lx)ils at 172 ' under 12 mm. pressure of 
I mercury; insoluble in water; soluble in alcohol; 
j very .soluble in etlior and chloroform. It is useil in 
I metlicine a.-, an .antiseptic and in rheumatism, i 're- 
pared by heating sa!u'>lic acid alone at 220°, by 
the action of phosphorus ox\e'.iI«)ride o.i a mixture 
of salicylic acid and phenol. Heated alone, it gi\es 
xaiilhonc. Saponified by boiling caustic soila. 

Salon (^Irf). One of the two annual exhibitions 
of works by living arti-sts in J’aris. One is hehl at 
the Palais of the Chainj>s El^.'^ec.s, the other at the 
Sahm of t he (fiiainps do Mars, 

Salopian {Gcol.) The middle divi.sion of the 
’ Silurian PiOcks. It comprises all the strata from 
the top of the Lower Lufllow to that of the 
Taranmm Slialos. In the Lake District and in 
t’outhein Scoilaiid tlie rocks of Salopian age attain 
to a thickness of many thousand feet. Tiie rocks 
aliovc the Salopians are now dossed as Down- 
TONIAN and the remainrler of the Silurian Itocks 
below as Valkxti.\n. This dassifieation Is based 
n])on the evi<lenco afforded by the included organic 
remain.''. 

Sal Prunella {Chem.) Potassium nitrate (:.cc 
PoTAHsiiM Compounds) which has been melted 
and cast into bulls or sticks. 
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Balt ( OeoL) Salt, in the form of rock salt, occurs 
under a considerable variety of geological con- 
ditions ; but the deposits best known on account of 
their economic importance occur in connection with 
stratified rocks, which appear, in most cases, to have 
been formed under arid, or even desert, conditions. 
In some few ‘cases deposits of rock salt may be due 
to (1) the desiccation of bodies of sea water which 
have dried up alter having been cut oft from the 
open sea; or (2) to the drying up of large shallow 
sheets of sea w'atcr which have evaporated under such 
geograpincal conditions as now occur in the Uunn of 
<\itch. But the majority appear to have originated 
in inland lakes. The genesis of the salt in such a 
case as this last may be somewhat as follows : 
During stonns large quantities of sea spray are 
driven far inland by the winds, and their dissolved 
salts are eventually left, fora timo, in the atmosphere 
in the form of dust. Upon these solid particles con- 
densation of some of the aqueous vapour present in 
the atrnosplicre occurs, so that the sea salt (amongst 
other substances) forms the nuclei of drops of rain, 
flakes of snow, particles of fog, etc. Descending to 
the Earth, this mixture of sea salts and water flows 
down hill and seaward, and is usually returned to the 
ocean, to await the commencement of another C 3 xle 
of « haijge. But in the areas of inland drainage, such 
as the Dead Sea, the iSalt I.akc, the Caspian, and the 
inland Jakes of Central Asia, the water is dissipated 
by evajxj ration, ami returns to the clouds, leaving the 
di.ssolvc<l constituents licliind. In time those may 
accumiilato into thick bods, which may eventually 
be rovcTcd by desert sands, and so be i>reservcd for 
a time from waste. Salt deposits found in this way 
(or ijt others) occur on various geological horizons. 
Jii Hritain they are confined to ll»c Bunter Marls, as 
at ^liddlcs-boro\ or to the Kcuix*r Marls, as in 
(■lle^hi^e, both horizons belonging to the rpp<T 
New lh‘(l or Trias. AW? boDiUM CuLOBlDE under 
SODJ I'M ( OMPurN PS. 

(Jf/«.) i'xr Bock Salt. 

, Formation of (^rrot.) The primary .'ourcc 

of I nek salt may be any one of five. (1) The salt 
may lx* himi)ly washed out of some oUler rocks in 
which it occuirc<l, and I’c subsequent ly re-deposited. 
(2 ) It may arise tlirough the chemical coiiibiiialion of 
eldoriiie, through the medium of hydroeldoTie acid, 
with other sodium compounds. (3) It may be con- 
centrated from the efiloreseences ghen off by many 
acti\e v«>leanoe.s, which boil off tlie IbO from sea 
watc'r, and use up mt)st of the residues in making 
eruptive rocks. (1) II niav be due to the oapoiatioii 
of sliallow basins r f sea water in areas permanently, 
or peiiodically, cut off from the o])en sea; or (“>) it 
may be of cyclic, origin, as follow's : J’he ac^ueous 
vaiijur presciil in the jiLmosphcro undergoes con- 
densation only upon (a) some few' vapours, (//) soli<l 
particles of one kind or another, Among.'st those 
which are most potent in this (?onneoti m, particles 
of salt lank foremost. This salt dust, which is widely 
present in the lower strata of the at rao.spliere, is due 
to the action of the wind upon sea water, w'hich it 
lashes into spray and dri\es far inland. Upon these 
salt dust parti(‘*le.s much the rain and snow tlint 
reach the Earth has been condensed. Flowing 
dow'nbill and seawards, the water, with its minute 
charge of salt, finds its way into rivers, and thence, 
in usual course, back to tlie sea, where the cycle is 
rc-conimenced. But in the case of the areas of 
inland drainage, which occupy some 11,436,1*50 
square miles, or nearly one-fifth of the total surface 


of the land, t/ie water does not return to the sca^ but 
is dissipated by evaporation, so that, however minute 
the quantity of dissolved matter it contained, in time 
the amount begins to tell, and in course of ages 
thick dcjxisits arc formed. It is mainly from such 
deposits that our chief supplies arc drawn, 

Saltando (^Music), Jumping. 

Salt Cake ProceBS. See Alkali. 

Salting {Eng.) The deposition of salt in the 
boilers ot ships. It is not injurious so long as the 
amount is small. 

Saltire {Her.) Formed by a bend and bend 
sinister crossing each other. St. Andrew’s Cross is a 
saltire. See Heraldry. 

Balt Lakes {Getd.) The majority of recent salt 
lakes occur within areas in which the rainfall of the 
hydrogi-aphical basin in which they occur is c3cactly 
balanced by evaporation. The Dead Sea, the Salt 
Lake, and the lakes of Central Asia arc cases in point. 
In all of these the saltncss is due to the continued 
accumulation of saline matters, derived in the first 
instance from sea spray, which has boon carried 
down in rain water, and which, instead of being 
returned to tlie se.% as is usually the case under other 
geographical conditions, is left behind w'hcn the w'ater 
evaporates. 

Salt of Boppel ( (l^em.) Same as Salts of Lemon 
(5f.i*.) See aim under Oxalic Acid. 

Saltpetpe ( Chem.) A common name for potassium 
nitrate. Totassium Compounds. 


{Mm.) See NlTRB. 

Balts {ilivm.) Comfxiunds derived from acids by 
the replacement of the whole or a part of the acid 
hydrogen by metals, or by groups of elements which 
act as metals. Examples : 

Hydrochloric acid, £1 Cl. Sodium chloride, NaCl. 

Ammonium cliloritle, K H, .Cl. 
Sulphuric aciil, n.,SO^ . Sodium Sulphate, NajSO, 

Sodium hydrogen sulphate, 
KallSO,. 

Acetic acid, CILCOOIT. Lead acetate (CH 3 COO).,Pb. 

Ethyl acetate, CHjCOOOjHj. 
Salts derived from hydrochloric acid and the other 
lialogeri acids are called haloid salts. See Haloid 
SALTS. Salts like ethyl acetate, derived from an 
ornauic acitl and an alcohol, or from an alcohol and 
.111 inorganic acid, arc called ethen*al salt.s or esters. 
Sec Esters. When the whole of the acid hydrogen 
is replaced by metal, the salt is called a Normal 
Salt. When the whole of the acid hydrogen is not 
replaced by metal, the salt is called an Acid Salt. 
An add salt may be regarded also as .a (Compound 
forme«l by the union of a norm.'il .‘»alt with the (corre- 
sponding acid; in some cases this appears to be 



an excess of a base ti cre are often formed in the 
casj of weak bases Ba.sic Salts ; these may be 
regarded as compounds of the normal salt with the 
ba.sic oxide, or as comj>ounds derived from the basic 
hydr(»xide by replacicment of part of the hydroxyl 
hydrogen by the acid radical: e.g. 

Basic bismuth chloride, Bi^OgClj ** Bi^O^ . BiCl,. 

Basic lead acetate, BbO . I’b(C.,Hg0.3a • H,0, 
may also Ije regarded as Pb 

Very frequently two salts combine together to form 
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a complex salt, ^vhich is called a Double Salt. 
For example, if solutions of ferrous sulphate and 
ammonium sulphate arc mixed together in molecular 
proportions, the compound ferrous ammonium sul- 
phate, (NH^)j804 • FeSO^ . 61LO, crystallises out on i 
concentrating the solution. This salt shows all the 
reactions of an ammonium salt, a ferrous salt, and a 
sulphate. But there is another kind of double salt 
formed in a similar way which does not show all the 
reactions of all the metals and acid which compose 
it; thus when sodium chloride solution is mixed 
with platinic chloride solution, a double salt is 
formed which does not show the ordinary reactions 
of platinum and a chloride, and on electrolysis only 
the sodium travels to the kathode. Double salts of 
this kind are now usually regarded as derived from 
complex acids. The salt just mentioned is regarded 
as derived from chloroplatinic acid, rtCl., by 
replacement of the hydrogen by sodium. The term 
Neutral Salt was formerly much used, and is still 
met with sometimes, as synonymous with normal 
salt; but it is best not used or only used when 
speaking of a salt which has a neutral action 
towards litmus. With regard to the action of salts 
on litmus, it is useful to bear in mind thi^t salts of 
weak bases with strong acids turn blue litmus red, 
e.g. ferric chloride, lead nitrate ; salts of strong btiscs 
with weak acids turn red litmus blue, e,g, sodium 
carbonate, sodium borate; salts of strong bases 
and strong acids are neutral to litmus, i\g, sodium 
chloride, potassium nitrate. See Solutions. 

Salta in Food (JFoodiC)^ Chloride of sodium 
(common salt), phosphates of lime, soda, potash, and 
magnesium are essential for the repair and growth 
of the body. Lime is rcquiied for bone formation, 
potash for nutrition of formed tissues. Iron is 
necessary for the formation of the red blood 
corpuscles. The ab.Henre of ordinary salt from food 
leads to disease and sometimes death. 

Balts of Lemon ( C%em.) roiassium acid oxalate 
or potassium quadroxalatc — 

KHCjO, or KHC,0, . I1,C/3,2H,0. 

It is used for removing ink stains and iron stains 
from linen. Poisonous, 

Balt Water. In engineering phraseology this 
u.Mially means 8 ea Water (^.e.) 

Sal Yolatile {Chent.') A common name for am- 
moniuiu carbonate. See Ammonium Compounds. 

Samara (^liotany"), A dry, usually onc-sceded fruit 
furnished with a jjrojecting wing. The wing may 
1)0 terminal, as in the White Ash, or it may surround 
the fruit, os in the Birch, Also called Key Fruit. 

Samarium Sm. Atomic weight, 141>. 

A rare element occurring in sainarskite and thorite. 
It is characterised by its spark spectrum and by 
the absorption spectra of its salt solutions. Oxide, j 
Smj,Oa; very faint yellow powder; chloride, SmCyJHjO; 
topaz coloure<l deliquescent crystals. 

Bmian Ware {Pottery). The name given to an 
ancient kind of pottery, either black or red in colour, 
l^i^hly glazed, and with ornament in relief. It has a 
wide distribution. 

Samovar. An urn, usually of copper, used in 
Russia for boiling water for making lea. It is 
generally heated by a charcoal fire. 

Sample* A small jxntion of material from which 
the quality is to be judged. 


Sampling {Auaying, Met., etc.) The selection of 
a portion of ore for analysis or assaying, such that 
its comi^sition accurately represents the average 
composition of the whede quantity under con- 
sideration. 

Banote Bell, Baaetaa Bell. See Saobiko Bell. 

Sand {Geol.) The term sand Is applied indif- 
ferently to any finely comminuted mineral matter 
which has been formed by natural agencies, with the 
exception perhaps of the dost ejected from volcanoes. 
Thus there is shell sand, formed of broken shells ; 
coral sand, of broken corals ; volcanic sand, arising 
from brokeu-down volcanic rocks; and so on. But 
sand is usually understood to mean fine grained 
fragmentiiiy mineral matter chiefly composed of 
quartz grains. In all cases sand of this des(*ription 
is of terrigenous origin, Le. it has been derived in 
the first instance from the rocks of the land. The 
primary source of quartz sand is either the quartz of 
granites or the broken-down miitcrial of vein quartz, 
j In no case do flints constitute the parent rock of sand 
, of any kind. Quartz is libcnited from granite usually 
I by the chemical decomposition of the rock, btarted 
• in the first instance by solutions of the humus acids, 
j which in their turn arc due to the action of bacteria 
upon dead organic matter. Quartz so liberated 
, l)ecomcs reduced in size by vaiious mechanical 
I agencies, and is sorted out cither by running water 
j or by the action of the wind, so that grains of fairly 
1 uniform size become associated together. When 
i sand gniins ani undergoing reduction by the action 
; of ninniiig water, the i eduction in the size of the 
j grains pnxetds at a slower rate tvith the smaller 
j grains than with the larger, while the rounding by 
I attrition does not, in this case, go on when the sand 
I grains have reached dimensions such that the surface 
I tension between the grain of sand and t la* water in 
contact with it balances the gravitational force, 
j When a grain of sand is being worn dow’n, its surface 
area does not le.sscn as fast as its weight does, but 
I becomes proport itmally laigor, so tiint with each 
; halving of the diameter of, say, a sphere, the ratio of 
' its surfiice area to its weight is doubled. Thus after 
I a certain stage of reduction is past, sand grains aio 
; buoyed up by mo\iu|:r water, and little or no further 
’ attrition of the sand grain is possible, licnee .sea 
sand and river fand consist of quartz grains which 
arc either angular or subangular, and are rarely or 
never round, unless they have been derived from a 
rock which has been formcnl under the conditions 
, referred to below. But a very large j)roportion of 
the sund on the face of the globe lias been formed 
I subaerially. In desc*rt regions, where a very high 
I diurnal range of temperature occurs in consequence 
I c f the absence of moisture in the air, such rocks as 
granite break up under the heavy strain occasioned 
by these rapid changes of temperature. The quartz, 
j among otlier substances, is set free by this disin- 
I tegration, becomes further reduced in size as time 
goes on, and then begins to undergo transport solely 
by the ac;tian of the wind. This agent bowls the 
grains of sand against each other through very long 
]>eriod8 of time, with the result that the sand grains 
finally as.<«ume a spherical, or, at least, spheroidal 
shape. So in de-^^ert sands, recent or fossil, a large 
proportion of the sand grains are rounded, instead of 
being angular, >is ^and grains of the same size would 
be if they had been shaped by runniug water. 

Sandal {Cost.) A shoe consisting generally of a 
sole only, aitachcMl to the foot by thongs, cords, or 
loops. In some cases the sandal is supplied with 
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a beel piece and a cap for the toes, Swidals were 
worn by most of the ancient nations, and are still 
worn by some Oriental races. Ancient Egyptian 
sandals were sometimes manufactured from papyrus. 

Sandal Wood^ Red. The reddish brown heart 
wood of the stem of PterocarjruM mntalinus (order, 
Leguminoiai) is used in medicine as a colouring 
agent, and also as a dye. 

9 Troe. The true sandal wood of India is the 

wood of Stmtahni album (order, Saniala^ea:), a small 
evergreen tree growing in South India and the Indian 
Archipelago. It is used in i^erfumery and in Indian 
medicine. 

Sandaraclu A resin used in varnish making; 
obtained from the tree Callitris guadrivalvit, which 
is found in the north of Africa and shipped from 
Mogador. Another variety has in recent years been 
brought to England from Australasia. Sandarach is 
hard and brittle, and occurs in tears which are of a 
yellowish white colour. It is sometimes erroneously 
called “gum juniper.” 

Sand Bag (Fmndnj'). A bag made of some fabric 
of ojMjn texture tilled with sand. By shaking the bag 
fine sand c:»n be dusted over any surface in a mould 
to form a Hand Joint (^.r.) 

(Ethgra-c.) A leather C(jvered cushion filled 

with sand, u.sed by engravers to fix a plate at an 
angle convenient for working. 

Sand Bank (Foundry). A sloping bed of sand on 
which iron jupcs are often cast. The sloping position 
of the moulds facilitates the escape of the scum 

Band Blast (Fny., etc.) A jet of water and steam 
(jarrying fine sharp sand in suspension ; used for 
sharpening files, abrading or “grinding” the surface 
of glass, and various other purposes. See Glass 
MAyUFACTUBH. 

Sand Box (A>iy.) A box fitted to a locomotive, 
tram-car, etc., from which sand can be dropped on 
the rails in front of the driving wheels, to promote 
adhesion when the rails arc slippery. 

(Foundry). A Moulding Box or Flask 

(i/.n) 

Sand Burned (Foundry). A casting is said to 
be tand burned when a layer of partly fused silica 
adheres the surface, owing to the metal having 
been poured at too high a temperature. The use of 
Blacking ( g . r .) prevents this fault. 

Band Dunes (Ocol.) During storms, when the 
wrind comes landward from the sea, considerable 
quantities of sand are caught up in the waves which 
beat on the shore. When the waves are driven upon 
the land, the sand grains carried by them are usually 
left behind, while the sea water oozes back alone to 
the sea. Large quantities of sea sand are thus left 
above high water mark, and these, sorted and re- 
arranged by the wind, make up sand dunes. 

Bandenwood. See Dyls and Dyeing and 
Woods. 

Band Drain* See Enoravinq and Etching. 

Band Joint {Fmndnj), The parting surface 
between the separate parts of a mould. 

Bandmeyer Reaction (Chem.) The reaction of 
diazobeuzene salts with cuprous salts, described 
under DiAzo Ubaotions (^y.r.) 

Bandpi^r (Joinery, etc.) Tough paper covered 
with finely crushed abrading material. Originally 


fine sand was used ; hence the name. Crushed glass 
is now employed, and the name GLASS PAPBB ia 
therefore more correct. 

Band Pump (Civil Eng.) A centrifugal pump 
by which a mixture of sand and water is raised in 
dredging a sandy bottom. The pump discharges 
into a barge in which the sand settles, and the water 
is allowed to flow away. 

Band Bifter (Foundry). A machine used for 
sifting sand for foundry use. 

Bandstones (Geol.) Rocks comprised of sand 
grains cemented by any one or more of various 
I materials, such as limonite, calcite, bituminous 
i matter, and variously coloured in accordance with 
j (1) the nature of the sand grain, (2) that of the 
I cement, (3) the tint subsequently imparted to the 
j rock by infiltration,, weathering, etc. 

1 Band Trap ( Paper Manufac.) A long narrow box 
j fitted with partitions, used for keeping back knots 
; and mechanical impurities in pulp. 

Band Valve (Eng.) A valve used for dischaxging 
' sand on to the rails in front of the wheels of a 
locomotive. Cf. Sand Box. 

j Bandvent {Foundry). Holes of small diameter 
I pierced through the sand of a mould by a rod or 
I wire, in order to allow of the escape of the gases 
nroduced when hoi metal enters the inould. 

Banger Bhepherd ProoeM (Photo,) See Photo* 
QBAVHY IN Colours. 

Banguine. Of a blood red colour. In heraldry it 
is synonymous with the older term Murrey. 

Banidlne (Alin.) A glassy variety of Orthoclasr 
Fi:lspau {fj.v.) 

Banitary Wallpaper (Dec.) A variety of paper 
hangings printed from engraved copper rollers in oil 
colours. Ordinary paper hangings are printed in 
distemper colours. Sec Paper Hangings. 

Banitation* Sanitation n«ay be defined as the 
science of sanitary conditions, and thus comes prac- 
tically w’ithin the province of the sanitary engineer. 
It is included in the term Hygiene, which also com- 
prehends subjects generally dealt with by the metUcal 
man and the analyst. The subjects which come 
under the above definition of sanitation are numerous, 
but they appertain chietly to the supply of pure 
air and water; the means adopted for the removal 
and disposal of foetid and wa.stc products ; and the 
purity of food supply. 

Air. — The air wt*. breathe is a mechanical mixture, 
and is composed of oxygen, about 21 per cent, by 
A’olume ; nitrogen, about 79 per cent. ; carbonic acid^ 


(CO.), about 01 per cent.; watery vapour; small 
' traces of ammonia. Ozone— an allotropic mod iticat ion 
i of oxygen — is also ijroscnt sometimes, more especially 
! on the sea coast. As a rule the greater the quantity 
i of ozone present the greater is the purity of tV.e air. 
The amount of CO,, present is generally taken as A 
gauge for the amount of impurity, as if present in 
quantity it is generally associated with other and more 
harmful impurities. The amount of CO^ varies from 
•033 in the open country to *051 percent in the centre 
of cities. In badly ventilated rooms this percentage 
may rise to *1 or even '2, Air is ipolluted in many 
ways, but chiefly by the respiration cf men and 
animals, by combustion, by emanations from decom- 
posing matter of all kinds, and by countless particles 
of dust which have a complicated composition. 
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Bacteria of various kinds are also present, and these 
are more abundant in towns than in the country, 
while at a distance of 120 miles from land it is saul 
that none exist. In inhabiteil rooms the ordinary 
impurities are derived from respiration and com- 
bustion. In respiration each adult gives oflE about 
•65 of a cubic foot of 00., per hour, as well as watery 
vapours and organic impurities. In the combustion 
of coal and coal gas 00., is given off as well as 
sulphuric acid, sulphide of ammonia, water, and 
particles of unbumt carbon. An ordinary gas burner 
which burns 4 cubic feet per hour uses up the 
oxygen in 32 cubic feet of air, and produces about 
S cubic feet of 00.^,. 

Ventilation of Rooms. — In order to get rid of 
these products, which act delcteriously on human 
beings, ventilation is necc.ssaiy. In an ordinary 
dwelling house there are as a rule only two means 
of ventilation ; the fireplace and chimney, which art 
as an outlet, and the windows, which may act as both 
inlet and outlet. A chimney acts better when there 
is a fire in the firojdace. The window is the best 
ventilator if used as it ought to be, and no ventila- 
tion can compare with what is called “perflation,” 
or ventilation by means of *the wind blowing through 
the room. If perfhition is combined with sunshine, 
then a room can not only be ventilated thoroughly 
but also purified. In large buildings other means of 
ventilation are neces.sary, and may l>c cither natural 
or mechanical. The former tlepmids on the force 
of the wind and the differences < f temperature for 
its action, while in the latter some form of mechanism 
such as a fan is employed. In both cases inlets and 
outlets must be provided. The following are a few 
of the appliances in u.sc for ventilating pui poses : 
Tobin’s Tubes arc upright inlet tubes fixed inside 
the room and rising at least 6 ft. above floor level. 
They generally have valves, and are occasionally 
fitted Avith hot water coils inside to warm the air as 
it passes in. Siiebbingham's Valve is a small 
inlet ventilator, vith hinged flap, halaucc<l so that 
the flap falls inwards, the current of fresh air lK*ing 
directed upwards, McKinnell’s Ventilatob is 
both outlet and inlet, being compost'd (jf two tubes 
one in.side the other, ihc outer acting as inlet and 
the inner as outlet. One of the mo^t conunou outlet 
ventilators used is Boa le's mic.a flap valve, placed in 
an opening into the chimney of the room. Venti- 
lating cowls arc frequently used on churches, etc. 
These are generally either Boyle’s, Banner’s, or 
Buchan’s, and act as outlets. With tlio'C i)roper 
inlets must also be provided. Vent ilat ing grates and 
stoves are sometimes used, ihc most satisfactory of 
these being Ucmglas Ualton’s grate. Aktificial 
Ventilation by fan is now frequently employed 
in churches, schools, hotels, theatres, etc., and, if the 
(jurrents are proj)crly directed, is tiic ino.-^t satisfactory 
for large buildings. The air can be cooled, warmed, 
and purified as required. 

Warming. — In England the open fire is the 
principal method adopted in houses, and although 
the mot expensive, is not only a ventilator of 
great value, but gives an air of comfort to a room. 
In recent years great improvement has taken place 
in the construction of ofxjn firegrates, and some of 
them, such as Teale's slow combustion grate, arc 
extremely satisfactory and economical. Gas fires are 
n )w in common use, but although cleanly and con- 
venient they are not to be recommended for use in 
bedrooms. Stoves of various patterns are also used, 
but there is always a chance of the air introduced 
being burnt if the stove is a ventilating one, and also 


of the production of carbon monoxide (CO), a very 
poisonous gas, if the stove is constructed of cast 
iron. The warming of large rooms, churches, etc., 
is usually carried out by means of hot water or 
steam pipes. The system most commonly employed 
consists of 4- in. iron pipes connected with a boiler 
heated by a furnace, in which the temperature of the 
water rarely reaches 212® F. In high pressure 
systems the water is above this temperature, and the 
pipes are of wrought iron and of smaller diameter. 

Water and Water Supply.— All water for 
domestic purpo-^es is derived originally from the 
rainfall, but before reaching the consumer it under- 
goes numerous changes which materially alter its 
purity. As a source of direct supply rain water is 
only occasionally used, and generally only where no 
other source is available. If collected in the country 
it is the purest of all waters, but is not pleasant to 
taste. Upland surface water is rain water collected 
on a gathering ground and led into a reservoir, and is 
a very common source of supply. The purity of the 
water depends on the nature of the gathering ground, 
but as a rule it is a good water, and if carefully 
filtered is clear and Avholesomc. Tlie water from 
.•surface wells and s})ring's is used chiefly in isolated 
houses and small \illagi‘s. The purity of the water 
is influenced by the depth of the well, the amount 
of pollution of the soil by organic matter, and the 
construction of the well itself. Shallow well water 
is always to be looked ui)on with suspicion, especially 
if the well is not properly steined. The water is as 
a rule cool and clear and pleasant to taste. The 
water from <leep, or artesian, wells, is jiurc and 
sparkling, but may be hard Cy.r.) Water Is also 
obtained from rivers, and in London the water supply 
is chiefly from tins sourc'C. If no sevrage is allow(‘rl 
to enter a river, and if suitable filters are provided, 
such water is as a rule satisfactory ; hut if any sewage 
pollution c.xists, more esj»ecially at a short distance 
from the intake, the supply mu»t always be looked 
on Avith suspicion. In times of flood also the water 
is highly chargeil Avitli vegetable matter, and the 
j usual filtration is not suifieient to render the water 
fit for drinking purposes. 

Filtration or Water. — Artesian Avell water is 
.supplied direct to tho ron‘«urjier, as it requires no 
filtration': but as a rule all other supplies to towns 
are filtererl before distributi<m. The liltering medium 
is fine saiul and gravel, the tliickness of each layer 
varying acconling to the quality of the water be 
fihereci. The real filtering mtdium is, however, the 
fine scum wl.ifb forms on tl.e top of t’.c sand, 
although a certain amount of oxidation takes place 
in the water in it s passage through the layers. The 
amount of water j.'assing tlirough these layers varies 
very much, and opinions differ as to the permissible 
amount, the minimum being 5 gallon.s, and the 
maximum 2o gallons per hour through each square 
yard of surface. S-e Filters a?id Filtration. 
For domestic clarification of water there are 
numerous filt^'rs in use, sucdi as tho ordinary carbon 
filter, BischofFs Filter, and Maignen’s Filtrc Ilapidc ; 
but Ljr* true filtration cither the Bcrkofeld or tho 
Pasteur-Cliarnbcrland filter is necessary. See Car- 
bon Filtf.us. Water for drinking purposes must 
not be too hard, especially if such hardness is per- 
manent and not temporal*}', the former being due to 
the presence of chlorides, sulphates, and nitrates of 
calcium and magnesium, and the latter to carbonates 
of calcium. Temporary hardness can be lessened 
by boiling and by the Porter-Clark process on a large 
scale. See Clark*s Bbocess. Soft water is better 
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for washing purposes, not only because it uses less 
soap, but bcaase it has no effect on the texture of 
materials, which undoubtedly a hard water has. The 
amount of water necessary for household purposes 
varies according as a house is supplied with water 
closets and baths or not. Without these 10 to 12 
gallons per head per day are enough, but with them 
20 to 25 gallons are necessary. In manufacturing 
towns over 30 gallons are required. Where water is 
derived from a public supply, a storage cistern be- 
comes a necessity, and this should be largo enough to 
contain sufficient water to supply the household for 
24 hours, and should be in such a position that it can 
be easily cleansed. It should also be fitted with a 
close fitting cover, and should be cleansed at least 
once every six months. All houses should in addition 
be supplied with a drawoff tap from the rising main. 
The efifeois of drinking impure water arc very serious, 
as if such water is {jullutod with specific germs, 
epidemics may occur. Tiie specific diseases most 
frequently caused are cholera and typhoid fever. 

Situ and Structukal Arrangement of 
Houses. — Too much importance can hardly be given 
to the selection of a site for erecting a liousc. In 
large towns and, generally speaking, in places where 
lioiiscs arc iiggrogated together, it is frequently im- 
I>ussil)le to make a selection ; but arrangements can 
be made oil nearly all sites to ensure a healthy 
dwelling, 'the first consideration is the nature of 
the soil. Houses erected on the hard primitive rocks 
should theoretically be the Triost healthy, the next 
being the gravels, hdlowed by sandstone, and, la.stly, 
clay soils. Itoughly speaking, the more moisture 
contained in the soil the lcs.s liealtliy is the site \ but 
other circumstances enter into the question wdiich 
must be considered, mure especially the que..stion in 
graNC'l soils as to whether such soil i.s virgin or not, 
and whether it has been heavily manured or not. 
The manuring of land, useful and necessary for agri- 
eultural puquscs, makes the site, at least for some 
time, not a desirable one, owing to the amount of 
decomposable organic matter in such manure. Land 
al.so W'hich has been made up with hou.se refn.«ic, road 
slop, and other refn.se, is a most undesirable site, and 
should never be used as such, at least until all such 
decomjiosiihle matter has been completely removed. 
'JTic subsoil iimler all houses, with ilie exception of 
lho.se built on hard rock, should be drained by means 
of open jointed pipes, and the water should either 
flow into a rt^ccptacle some distance from the house, 
into tlie nearest ditch, or, in towns, into the general 
drainage system, with the intervention of a proper 
and special disconnecting trap. In addition, the 
whole site should be covered to a depth of at lea,st 
V) in. with proper cement concrete, so as to luevent 
the entry into the house of ground air, or the air in 
the interstices of the soil. In the erection of a house 
in the country it is possible to take the aspect into 
consideration, the best asfiect being either south-east 
or east, preferably the former. Bedrooms especially 
should face the south-east, and living rooms the 
north-west, thus ensuring that sunshine shall per- 
meate all the rooms of the liousc. If a house faces 
south, then the .rooms on the north side get no sun, 
while tho.se on the south get too mucli. In the 
internal structural arrangements of a house, the 
poiuts to be considered, in addition to those already 
dealt with, arc the position of the water closeU, the 
bathroom, cistern, and sinks. All these should be in 
such a position that the waste pipes can be taken at 
once outside. The cistern should be placed in the 
roof and should be readily aocessible. The walls, 


whether built of stone or brick, should have a ^ood 
damp proof course above the level of the ground. 
This should on no account be omitted, as if damp 
does occur when the house is built it is a difficult 
matter to insert it. The damp course may bo com- 
posed of slate, Boulton's ventilating air bricks, or 
other impervious xnatcrial. The space between the 
concrete and the under surface of the floor should bo 
well ventilated, so that there may be a free current 
of air under the whole house. Neglect of thi.s may 
be the means of giving rise to wlmt is erroneously 
called “dry rot,” which is due to the growth of a 
fungus. When once the fungus obtains a hold on 
the woodwork it is most difficult to eradicate, and it 
may eventually be necessary to remove all the wood- 
work before a cure is effected. The thickness of 
the walls of a house is regulated in London by the 
Tiondon Building Act ; but the 9 in. wall, common in 
London, ah hough satisfying the roquireraents of such 
Act if the building is less than 30 ft. high, and docs 
not comprise more than two storeys, is nob quite 
satisfactory from a salutary point of view. lJrick.9 
do not ‘ by any means make an impsr\*ious wall, and 
to keep the house free from clamp all the outside 
walls should be hollow. The hollow, which may he 
1 or IJdn. wide, may be filled witli pitch or cement. 
The roof should be covcrcvl first with w^ood, th(?n 
with felt, and then with slates or tiles. BooLs aro 
frequently made with slates or tiles without wood or 
felt put underneath, but this makes the top rooms of 
a house cold in winter and warm in summer. There 
should be a ventilated air space between the ceilings 
of the top rooms and the roof itself, the ventilators 
being in such a position that they can be opened in 
summer and closed in winter. The size of the rooms 
in a house will depend largely on circumstances, but 
no room should be less than 8 ft. high or have a less 
capacity than 1,000 cubic ft. Every room should 
be provided with a window and fireplace, so as to 
ensure satisfactory ventilation. All iiaiitries, larders, 
an 1 rooms used for the ston;go of food should be 
dry, well lighted, and ventilated. AVire gauze at 
least \ in. gauge should be used in window openings 
to ])revcnt the entrance of flies. 

Disposal op tub L)H.iD. — Every year this question 
becomes a more serious one. In view of the fact 
that the average number of deaths every year in 
England and Wales during the last ten years is over 
550, 000, it will be seen that serious (;onsequences 
might ari.se if the disposal of the dead were not carried 
out satisfactorily. In this country there are only 
two methods of disposal, mz, earth burial and crema- 
tion, the former being very much the more frequent. 
Tn the choice of a cemetery the important points to 
be c(msidcred are the nature of the soil and the 
necessity of sub-soil drainage. The best soil for a 
cemetery is a porous, gravelly, or sandy soil, while 
clay is the worst. The more porous the soil is the 
more speedily does decomposition set in, and the 
products of such decomposition are more quickly 
resolved into harmless elements. The grave should 
not be more than 9 ft. deep, and the whole graveyard 
should be drained to this depth. The drainage 
sliould be run into the nearest sewer, or if into a 
stream, care must be taken that the water from 
that .stream in not used for drinking purposes. The 
Kcgulations of the Home Office state that there must 
be 1 ft. of earth above each coffin in a grave, and 
that it shall be at least 4 ft. below the surface of the 
ground. There is no doubt, however, that decom^M)- 
sition proceeds more rapidly the nearer the surface 
the decomposing matei^ is, and a body say 18 in. 
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from the sarfacc of the ground would possibly be drain should also be covered with concrete* With 
more quickly destroyed than one 4 ft. To prevent cast iron pipes it is not necessary to use concrete on 
any nuisance, however, the regulations have made the top, but the pipe should be laid on a concrete 
the depth 4 ft., and the regulations also state that bed. The joints of cast iron pipes should bO at least 
any grave is not to be opened except fur the burial 2^ in. in depth, and made with molten lead, properly 
of members of the same family for fourteen years. caulked. The joints in stoneware pipes must be made 
The coihns sliould be made so that the natural with cement. All drains should be tested with water, 
process of decay can go on rapidly, and fur this and should he able to withstand a pressure of at 
purpose they should l>e made of light and porous least 2 ft. head of water. Where necessary proper 
material, as wickerwork or ordinary pine. Tlie use traps must be provided, the most important of 
of oak, hard wood of all kinds, and especiaHy lead these being the intercepting trap between the 
coffins should be discontinued, as they only hinder drain and the sewer. This should be placed in a 
the processes which must cventmdiy take ijlace. manhole as near as possible to the main sewer, and 
Yaults of any description should not be jx^rmitted. should be self-cleansing. The trap must be provided 
Tiie more quickly the earth comes into contact with with a cleansing eye and stopper, so that if necessary 
the body the better, and any means whic-h retards that ixirt of the drain to the sewer can be cleansed, 
this should not be allowed. In a clay soil decom> All rain water pipes should discharge over trappod 
position may be retarded for years, and in some gullies. The soil pipe must be constructed either 
cases the substance known as adipocerc is producetl. of solid drawn load or of heavy' cast iron. The 
Cremation means the destruction of the body by former should only be used if the soil pipe is inside 
fire, and in a properly constructed crematorinm this the building. For a 4 in. drain pipe the lead shouhl 
can be carried out in two hours without the produc- weigh not less tlian 74 Jb. per 10 ft. length, and for 
tion of a nuisance. Only one objection bo.Mdes a an iron pi^x) the weight should be 611b. for every 
eentimcutal one can be raised to tills mode of i 6 ft. length, and should be in. in thickness. The 
disposal of the dead, and that is, that it U possible I lead jiipe should have proper wiped plumber's joints, 
for de.ath from poisoning to take place and the body j and the iron pijic Bh(kuld have H(x;ket joints ma<le 
afterwards cremated. thu» leaving no tnace of jioison. j with Ica/l pro]x;rly caulked. The soil pijHJ, which 
This difficulty, however, can in nearly all cases bo ! must be 4 in. in diameter, should be continued iip- 
snrmounted by the authorities insisting on a medical ! wards to a height of at least 3 ft. above the roof, and 
certificate of death signed hy two medical practition- as far as possible from any windows or openings into 
era instead of one, and of post mortems being insisted the house*. All pipes from sinks and baths should be 
on in any suspicious cases. of lead, efficiently trapped by a syphon trap, and the 

Removal of Waste Mattee. — The waste liquid from them slumhl discharge into a trapped 
matter which must be removed fr<jm liouses may gully. All joint-^ of these lead pipes must be proper 
Ik! classified as follows : (1) Klop water, waa«tc water wij)ed joints and not slip joints. The drain itself 
from sinks and baths ; (2) excreta ; (3) house refuse. must be ventilated by means of an air inlet, which 
It is also necessary to inuke some arrangements for ■ is generally placed at the manhole in front, and by 
the collection of rain water. For the removal of j outlets, one of which may be the continuation of the 
slop water, etc., there muse be cither proper sinks | soil pipe and the other a special pipe 4 in. in diameter 
and pipes connected with the drains or cesspools, or , at the highest point of the drain. Traps arc of various 
the slop water can be collected in pails ami thrown 1 kinds, but the simplest is the ordinary syphon trap 
over the land. Excreta may be disposed of by means ' at the outgo of sinks. It is made by bunding the 
of water closets connected to the drain.s or cess|K)ol.s, : lead pipe like the letter Si lower bend of the 
or the diy earth system may be adopted. House | letter forming the watei seal. Numerous varieties 
refuse is either collected by the sanitary authority j of traps are on 1 ho market of a satisfactory character, 
or may be dlsx)o.sed of by the househokler on adjacent j but the old fashioned dip trajis, bell traps, lip traps, 
land. j and 1) traps must not be u.scd. The waste fiijies 

kSkwerage and Drainage. — In towns and i from kitchen sinks frequently become offensive, owing 
villages with a .sewage .system adequate means of to the deposit of greasy matter in the interior, 
drainage can bo provided by means of yiroper piijcs. The best way of avoiding this is to use plenty of 
traps, and connections. S.anitiiry authorities are )iot w'ater and to occasionally cleanse with hot 

empowered to make byelaws which shall state th** I water and a strong alkali, ns carbonate of soda 
size, fall, nature of traps, material, and raean.s of j crystals. 

ventilation of such drains. Every drain must be of i Water Closets. — In recent years great improve- 
adequate size, and must be con.structed of stoneware ments have taken place in the constnictioii of water 
or cast Iron pipes. The diameter of the drain pipe closet apparatus. The patterns of closet pans and 
will dof>eiid on the size of the liouse, but must be at traps now recommended are of much simpler con- 

least 4 in. For an ordinary house of six or eight struction, are easier cleansed, and dojiot readily get 

rooms w'ith bathroom this diameter is sufficient, but out of order. These should be cimstnictod of earthen- 


in larger houses it is nece-ssaiy' to u.se pipes with a 
diameter of 0 in. The drain muF>t have a sufficient 
falt'to the sewer, and this fall ought to be equal on 
tlie whole length of the drain. A 4 in. drain should 
ha\ e a fall of 1 in 40, a 6 in. drain of 1 in 60, and a 


ware, the pan being of .such shape and capacity that 
all excreta shall fall directly into the trap, which 
is to be an efficient syphon trap and must have suffi- 
cient seal, so that sewer gas cannot find its way into 
the water closet itself. Inero are numerous forms of 


in. drain of 1 in 80 at least ; but it is very desirable 
to liave more than the above. A useful formula to 
remember ife that each length of 2 ft. pipe should 
have a fall of half aii inch, which is equal to a fall of 
1 in 48. This amount of fall renders the drain self- 
cleansing. The whole of the drains must be laid on 
a bed of concrete 6 in. thick, and in a 4 in. drain 
12^ in. broad, and a 6 in. drain 18 in. brosul. The 


vrater closet apparatus in tlie market which comply 
with the above principles, but there are still a number 
of closet apparatus in use which do not. The follow- 
ing are some of the apparatus in use : Valve closets 
are good closets if used carefully and if of good type. 
They require a flush of at least three gallons of 
water, and, as the apparatus is complicated, are apt 
to get out of order. Washout closets were at one 
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time much used, but are not satisfactory. Washdown 
closets are the best, and variations of this type 
are numerous. By far the great majority of closets 
erected have washdown pans and traps. The old 
hopper closet with spiral flush may still be seen, 
but this pan is very difficult to cleanse, and in 
poor class property is a continual source of 
nuisance* 1'he short hopper pan with rim flush 
is quite a satisfactory closet for ordinary use, and 
is cheap and easily cleansed. The junction between 
the stoneware trap and the iron or lead soil pipe 
must be properly made with Portland cement if the 
soil pipe be of iron, and if of lead a flanged brass 
thimble must be inserted, the joint between the 
thimble and the stoneware being made with Portland 
cement, and between the lead and brass there most bo 
a wiped or overcast metallic joint. If an iron pipe 
is joined to a lead i>ipe, there should be a brass 
thimble, and the joint should he made of lead and 
properly caulked. If one closet discharges into the 
same soil pi]^ as another at a lower level, an anti- 
syphonage pipe must be inserted to prevent the 
unsyphoiiing of the trap of the water closet. Such 
pii)os are, as a rule, about 2 in. in diameter, and are 
taken from the top of the trajw of the water closets 
and cuiiucctod with the soil pipe above the higher 
water closet. Water closets are flushed cither from 
a large cistern with chock ^alve or by means of a 
small water waste preventing cistern of a cajiacit}' 
of 2 or 3 gjillons. The fomier is now only used with 
valve closets, and the latter to all other kinds of 
W’atcr closet s. Ttiese cisterns are of various patterns, 
and act by displacement or syphonage. >Jeedless to 
say, no water closet sliould be su])plied direct from 
the main without the intervention of a cistern, 
and no w'ator closet should bo supjdied from the 
same cistern that supplies water used fur drinking 
jmrposcs. Trough closets, although at one time 
popular for schools, arc now being done away with, 
as they are difficult to keep clean. Slop closets, 
where slop vrater is collected in a tank and made 
to discharge automatically, are used in some pro- 
vincial tow'ns; but, except that there is a saving of 
water, there is no other advaut<*ige. Wlien no sewage 
system exists, the drains may discharge into a cess- 
pool, which sliould be quite impervious and flitu.aU'd 
as far lus possible from the house. It should also be 
cleansed periodically, and the rain water from the 
house should be collected separately, otherwise the 
cesspool will require very frequent emptying. In 
the diy system of removal of cxcieta, earth 
closets, jjail closets, or midden privies are u.scd, but 
these require careful supervision, so as to prevent 
nuisance. Earth closets are the most satisfactory if 
supplied with dry garden mould. The contents of 
these may be used in the garden for manure, or, if 
in towrn and collected by the sanitivry authority, may 
Im? mixed with a certain i)roportion of ashes and sold 
to fanners for manure. IlotrsB ItKPVSB consists of 
ashes from fires, vegetable arul animal refuse, sweep- 
ings from rooms, etc. Tlie best Avay to get rid of a 
largo proportion of this is for each householder to 
burn his owrn sefuse, which can easily be done in a 
mo^lern kitchener gnite, leaving only dry ashe.s, which 
may be utilised in the garden. This in most coses is 
not, or cannot, be done, and consequently a large 
expenditure is required in towns to remove such 
refuse. The refuse must be kept in a proper dustbin 
and covered, and should bo removed at least once a 
week. In flats and tenement dwellings daily removal 
is a necessity. After collection such refuse is used 
cither to make up low-lying land, used as a manure, 


or burnt in a destructor, the clinkers formed beihg 
used to make up roads, etc. 

Hbwebs. — M ain sewers which carry o£E the water 
from house drains vary in size from 9 in. to 10 ft 
Pipes are used if the diameter is not more than 1 8 in., 
but above that brick sewers are necessary, and these 
ought to be oval in section. The rate of flow in 
sewers should not be less than 2 ‘5 ft. per second, and 
to ensure this the sewers should have a fall of 1 in 
200 for 12 in., to 1 in 750 for a sewer 5 ft. in diameter. 
These sewers mu.st be ventilated every 100 yards, and 
there may be either manholes in the centre of the 
roadway or pipes may be laid from these to shafts 
about SO ft. high against bnildings if possible. Various 
methods have been tried to abate nuisances from 
these ventilators, but none have so far proved very 
successful under all circumstances. One of the most 
succ^cssful is Reeves* system, where doodorisation 
certainly takes place by* means of the production of 
free oxygon. The following formula given by L. 
Parkes is used to calculate the discliarge for a 
sewer : 

V - 55^177^', and Q =» Vx A. 

V = Velocity in feet per minute. 

A » Heciioual area of current in square feet. 

I> « ‘Hydraulic mean depth. 

F = Fall in feet i»er mile. 

Q ss Cubic feet of water discharged per minute. 

Revvaue Disposal.— The methods adopted are : 
(1) Discharge of sewage into the sea or the nearest 
stream either in a crude state or after previous 
treatment by filtration, subsidence, or a combination 
of both with chemicals. (2) Discharge of sewage on 
land either by inigation or by intermittent downward 
filtration. (3) Purification by means of septic tanks, 
the effluent being discharged into the nearest stream 
or into the sea. The first method is the one most fre- 
quently adopted, as, if there is no previous treatment 
of the sewage, it is probably the cheapest. The 
following are some of the patent processes : 

Bcott*s . . I.imo and clay. 

fclillar’s A.ll.C. * Alum, blood, clay, and charcoal. 

Coventry process Alnm, iron, and lime. 

Anderson's. . Crude sulpliate of alumina. 

Acton process , Ferrozone and polarite. 

Amines’ . . Lime and herring brine. 

The Septic Tank System (^.r.) has only recently 
been put in operation, and, so fur, in smaller towns 
h.»!s proved satisfactory. From a sanitary point of 
view it is the least satisfactory system. The disposal 
of sewage on land, if properly carried out, is the best ; 
but this is only possible where suitable land can be 
}}ad at a reasonable distance. Bewage Fabhs, as 
they are called, have proved fairly successful, and, 
with the exception of cereals, crops such as rye grass 
and root crops can be grown satisfactorily. If 
chemicals are used, there is always a difficulty in dis- 
posing of the sludge, which has iittle or no manurial 
value. The chemicals used are alum ; lime, either 
alone or in combination with pliosphato of calcium 
or clay. The difficulties in dealiug wdth sewage wIB 
bj very much lessoned if no rain water is allow'cd to 
discharge into the house drains, and this se^jarate 
system has been adopted in several towns. 

Disinfectants and Disinfection ; Many diseases 
are caused by germs or bacteria, and it is neceasary 
after the occurrence of one of these diseases for dLs- 
infection to be carried out to prevent further infec- 
tion. I'opolarly, the term disinfectant is applied to 
a large number of substances which do not destroy 
such bacteria, and it is therefore necessary to clearly 
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distinguish between deodorants, antiseptics, and true 
disinfectants. Deodokants only destroy any offen- 
sive odour ; Antiseptics merely arrest the growth of 
germs ; while true Disinfectants absolutely destroy 
the germs, so that they become harmless. Numerous 
chemicals are used for disinfecting purj)Oses, but only 
very few are true disinfectants, and in nearly all 
cases the^e ai^e very poisonous salts. The most com- 
monly used are corrosive sublimate, carbolic acid, 
and preparations of creosote ; and to these may bo 
added chinosol, a synthetic product. For ordinary 
use carbolic aidd in a solution of 6 per cent. (1 in 20) 
is satisfactory ; but this strength has a very dele- 
terious action on clothing and bedding, and the same 
applies to most of the creosote preparations. Corro- 
sive sublimate in the strength of 1 in 1,000 is a good 
disinfectant, but it is nt>t advised, as it is oxtrcinely 
poisonous and destructive. Permanganate of ^tash, 

5 ^)er cent., is also a useful disinfectant, but in this 
strength is not suitable for disinfecting clothing. 
Chlorinated lime, or chloride of lime, as it is poim- 
L'lrly called, in 5 [per cent, solution, is a useful dis- 
infectant, but lias itself a disagreeable odour. The | 
best and most satisfactory method of <lisiuffcting 
bedding and clothing is by means of steam in a 
closed chamber, and all sanitary autliorities should 
possess a suitable .st(>aiu disinfecting apipuratus. 
Washington Lyons* apjparatus consists of a cylinder 
with a double casing or jacket. Steam is first intro- 
duced into the jacket, thus preventing loss of heat 
by condensation. The goods to be disinfected are 
I>iaced in ilic chamber, and a door, which is lined 
with rubber seating and secured by screw clamps, 
is closed. Hteam is then mlmitled to tlie chambtr 
until the pressure reaches about 2i) lb to llie /(puarc 
inch, gi\ing a temperature of about 200®!'. The 
steam is euperbeated by liaving the pressure in ilic 
jacket higher than in the chamber itself. The articles 
arc kept in the chamber for about ten minutes before 
t!.e steam is allowed to e>cai>c. The door at the 
other enfl of the eliamber ih then 0]*C'ncd and the j 
goods removed. The whole ap|iaratus is constructed j 
bO that when i7i ftifii one door ojiens into one room ; 
and the other into another, thus ensuiing that the ! 
goods when disinfected shall not again come into 
contact with other infected articles. Other dis- i 
infoctors arc Thresh 's, Itcck’.s, and the Equifex, made 
by Dcfrics & Co. In any of tlie above apparatus, if 
ordinary xirecaiitions are taken, no damage necfl be 
done to ordinary bc;dding, blankets, and wearing 
apfiarel. Leather and furs canntft, however, be dis- 
infected by steam, but may be Vjy dry beat cantiou>ly 
ayqjiied. Articles w'hich liavt* pre\iously been ex- 
])Osed to Fulx)hur fumigation should not be dbinfccted 
by steam, because sulijhuric acid is formed, and con- 
sequent dc.struction to the material ensues. It is 
also to be remembered that steam acts as a mordant, 
and permanently fixes any stains such as those 
caused by albuminous material, blood, fof)d, or urine. 

Fumigation ; In addition to disinfection of bed- 
ding, clothing, etc., by steam, it is advisable in cases 
infectious disea.se to fumigate the room, and this 
may l>e done either by means of sulphur or formalin. 
The former is better if the room is infected with 
v< nnin, as the latter has no effect on these; but in 
t ho majority of cases formalin is the most satisfactory 
agent to use. The strength of sulphur is usually 
1 lb. to every l,fXX) cubic feet of space, while in the 
case of foimalin 26 to 30 formalin tablets are neces- 
sary for the same space. Formalin has no dele- 
terious action on brass, delicate fabrics, or colours ; 
while sulphur, especially if there is any moisture 


present, may injure these substances. After fumiga- 
tion the room should be freely ventilated, and sun- 
shine should be allowed to permeate the wliolc room 
if possible. The walls, ceiling, and floor of the room 
may be sprayed with a 40 per cent, solution of 
formalin, and the wall paper should alw^ays be 
stripped off. This is more especially necessaiy after 
cases of scarlet fever and dii)hthcria. For a more 
complete study of the subject the following works 
on hygiene maybe consulted : Stevenson and Slurpliy 
(.3 vols.), I lamer, Louis l*arkes, Whilelcggo, and 
Wynter Illyth. — 1*. C*. S. 

' Sanserif (Ti/jfOff,) A letter without serifs, as M. 

Bantalum {Jiofajiy). An East Indian tree, xSriw- 
taluni alhum (order. Sanialavt'te^y fields 8ANDAL 
Wood { q . v .) 

Santonin QJtotany\ A pow'crful drug prej^ared 
from the dried immature c;q)itula (or ilower heads) 
of Artnnuia warliima (var. tStt'chtnu7miu\ order, 
Ompositu’), 

Santonine {Ch m.) Probable formula 





Forms white sliining leaves or frirnetrie tables : melts 
at 17b"': 1 part dR'•ol^e^ in 6,(tbb pjirtv water at I7 r/', 
in 2.'50 parts at lbb“ ; nmeh mom soluble in al»‘oIj«>3 : 
ea.sily soluble in cldmoform; its holutions me 
lajvorotiilory. The optically aeti\e forms show 
tribolumincsoencc. It is used in medicine for rouml 
w^orms and threadworms. ‘Poisonous: an overdose 
affects the vision, causing objects to a}q)car violei, 
greenish, then yellov/. It oeeurs in worniseed (tl:o 
urioiKfiied flower beads of various kinds of Artemisia). 
Tlic wormscicd is treated with a tliick milk of lime, 
water addr;d and violently shaken ; the calcium 
.santoninate is extracted 65® to 70® with alcohol ; 
and the .alcoholic .solution decomposed with hydro- 
chloric acid. I’lie crude santonine i.s ptirificMl by 
rccrystallising from alcobfd, using animal charcoal 
lirsf to decolorise it. It must be dried in absence of 
liglit. Santonine is the lactone of sautoninic acid ; 
it is also a ketone, "as it forms b<.>th a hyrlrazone and 
an oxime. That it contains a naphthalene ring and 
a three carbon atom side chain is shown by the hict 
tliat santoninic acid and other acids derived from 
santonine yield dimcthyl-^-miphtbol and propionic 
acid — *■ 



and Cn,Cn/700H, when fused with caustic potash. 
Wlien santonine is exposed to light it turns yellow, 
forming an isomeric comtiound called chromo- 
s,antonine. Another isomer of santunme known as 
desmotroposantonine is formed when santonine 
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dissolved in concentrated hydrocbloric acid is 
allowed to stand. When purified by washing with 
hydrochloric acid and recrystallisation from alcohol 
it forms shining needles, which melt at 260°, and are 
not changed by light ; neither does it yield an oxime 
or a hydrazone ; but it, yields an acetyl derivative. 
It is probably the enol form of santonino : 



When light acts on a solution of santoninc in dilute 
acetic acid, Photosan tonic acid is formed; when light 
acts on its solution in dilute alcohol, Isophotosantonic 
acid is formed. The fomulai of these substances arc 
respectively 



Sap {Ttoiany). A geiitiral terra for the fluids 
contained in the tihsues of a plant ; the circulating 
fluids which convey nutritive material. 

{Met.) The unaltered cure of iron in llie bars 

of blister steel, made by the cementation process at 
“ spring heal 

Saponification. CTencrally in a technical sense 
means the chemical changes which result when soap 
is made by the action of alkali on fixed oils or fats ; 
but it also includes other (‘hauges in which compound 
ethers arc broken up. At one time the term was 
confined to the action of alkalies (including lime), 
but it now ineluiles the agency of sulphuric acid, 
superheated stc^am, and enzymes peculiar to certain 
seeds, (y. JIydiiolysis. 

Baponine {Ghent,) A glucoside. It is a white 
amorphous powder soluble in water, and having the 
property of giving a lather to water when shaken. 
It occurs in many plants, and especially in the 
(‘.ommon soapwort. Hydrolysed by dilute acids to 
gittoose and a crystalline substance sapogenin, 
constitution unknown. 


Sapphire {Min,) The blue variety of Oomndnm 
{q.v.) The ordinary snb-variety is fcno\yn as Oriental 
Sapphire ; that with a reddish or bluish reflection ja 
called Qlrasul Sapphire ; and the sub-variety with 
a pearly reflection is the Chatoyant or Opalescent 
Happhire. The chief localities for Sapphires are 
Ceylon, Pegu, Bohemia, near Expailly in France, and 
New ^uth Wales. It is highly prized as a gem 
stone. 

- — , Bradlian {Min,) This is a blue variety of 
Tourmaline (y.v.) ; the colour is lighter than the tme 
sapphire, and the stone is less hard. See Pbbcxous 
Stones. 

Saprophyte {Biology), An organism which sub- 
sists on decaying organic substances. 

Bap Wood {Botany), The new wood next to the 
bark of a tree. It is inferior in value to the he<art 
wood, from which it is usually easily distinguished 
by colour, etc. 

Saracenic {Architect,) The architecture of various 
countries during the period in which they were 
under the influence of the faith of Islam. It can 
be divided into Arabian, Moorish, Persian, Indian, 
and Turkish. Those styles, though differing in many 
respects, have much in common. See Moobish. 

Barcine {Chem.) Hypoxanthinb (q.v.) 

Sarcolactic Acid {Chem.) St^e Lactic Acii>. 


Sarcosine ( CJunn.) 

CH,N1IC1I3 

COOH 


CII.,.N11,CH3 


CO— O 


(Methylglycocoll.) Rhombic prisms ; melts at 210° 
to 220^ with decomposition into carbon dioxide, 
dimcthylamine, and other products ; soluble in 
water; heated with soda lime it forms methyl- 
amine ; acts as a weak base ; forms characteristic 
platinum double salt. It is a decomposition product 
of creatine also formed by boiling caffeine 

j with baryta water. It is prepared synthetically by 
I the action of monochloracctic acid on methylaraine : 
i (m/’l CH^XHCHg 

I TI..N .CII3 = j + HCl 

COOH ' coon 


Bard {Min.) An orange brown variety of (Jhal- 
, (EDONV {q,v.) 

Bardonyx ) A variety of Chalcedony having 
• parallel banding of alternate layers of red and bluish 
white or white. See aho PiiECious Stones. 

Baros Eclipses, Numbeb of. 

Barsaparilla (^BoUmy). Is the dried roots of 
Sniilax oj/ictnalis (order, Liliaceai)^ Jind other species 
i»f Smilax imported from Tropical America and the 
East Indies. 

Bash {Carp, ami Join.) The portion of a window 
containing the glass. 

Bash Bit {Carp, and Join.) A long twist bit used 
for boring sashes. 

Bash Door i^CurjK and Join.) A door having the 
upper pait glazed. 

Saab Frame {Carp, and Join.) i term sometimes 
applied to a Sash (y.r.), but more properly restricted 
to the outer frame of a window in which the sashes 
move. 

Bash Tool {Beo.) A small brush made of hog 
bristles, used for paintfing window sashes. See 
Painters’ Brushes. 
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Bataira {Woollen Manufno,) An old type of 
woollen cloth, with fine lines weftways. 

Sateen {Temtile Manv/ae,) A form of weave used 
lor cotton, woollen, or linen fabrica Very largely 
adopted for cotton cloths requiring dyeing, printing, 
or mercerising. It has a very solid and smooth 
surface, like satin, of either warp or weft. The effect 
is produced by the rearrangement and regular dis* 
tribution of the intersections in such a wa}' that they 
are hidden from vievr. A Wabp Sateen is a cloth 
with a warp surface and a greater proportion of 
warp threads than weft; Weft 8atben is the 
reverse. 

Satellite (Attron.) A term applied to the smaller 
bodies revolving round the planets or stars. Thus 
the Moon is the satellite of the Earth. 

Satin. A plain silk fabric presenting an even, 
lustrous, soft surface, obtained by the long flushing 
or floating of the warp threads on the face of the 
work. 

Batin Leather {Leather Manufae,) Leather 
finished with bright black polish to resemble satin. 
It is finished quite smooth, without grain marks. 

Satin Spar {Min.) This term is used for the 
finely fibrous varieties of Caleite, Aragonite, or 
Gypsum; in all three case.s the mineral is in veins 
with the fibrous structure running transversely. All 
are white or greyish white (rarely pink in the case 
of Oypsum), and show a satimlike surface when 
X)olishcd. 

Satin Walnut See Wood.s. 

Batin Wood. See Woods. 


Saturated Ckimpounds {Chem.) Compounds in 
wlii«h each element is united to monovalent atoms 
or groups of atoms, the nuuil>er (»f which equals the 
maximum valency of tho element. Thus if oxygen 
is regarded as divalent, thou water is a saturated 
compound; but if oxygen is regarded as tetra valent, 
then water is an unsaturated compound and shouhl 
form additive comj^unds; a very large number of 
compounds crystallise with one molecule of water. 
On the above definition, acetic acid and all com> 
pounds containing a carbonyl group must be regarded 
as unsaturated, and, in fact, they all fonn additive 
compounds, e.y. 
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Saturated compounds are characterised by their 
inability to enter into reaction unless an atom or 
at >mic group, or more tlian one atom or atomic 
group, can be replaced by another atom or 
atomic group. Thus marsh gas can only react by 
ha\dng one or more hydrogen atoms replaced by 
other atoms. 


I 
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I 

I 

I 


Saturated Steam. Bteam in the condition of a 
saturated vajwur ; a diminution of volume without 
change of temijerature (?.a isothermal compression) 
or a fall in temperature cau<<es condensation to com- 
inence, aUo Vai*oub Phessube attd Ktcam. 


Satoratioa {Beat), A term applied to the con* 
dition of a vapour when it is at the maximum density 
and pressure which correspond to its temperature; 
condensation commences if the vapour he commessed, 
the pressure remaining constant. See VAPOUB 
Pbbssubb. 

9 MASlietle. When a magnet has been 

magnetised as strongly as possible, it is said to be 
Batubatbd; the material of the magnet becomes 
less and less permeable as the magnetising force is 
increased, and the total number of lines of force 
which can be caused to pass through tho iron thus 
tends towards a limit. In good wrought iron this 
Limit is practically readied when the value of the 
magnetlo induction B is about 20,000 lines per 
square centimetre; in cast iron the number is about 
12,000. Higher values have, however, been obtained 
in laboratory experiments. 

Saturation of the Air {Meteorol,) When the 
atmosphere cont^ilns so much moisture that it cannot 
carry any more it is said to be saturated. 

Batnm, Planet {Agtron,) Hemarkable for posses- 
sing what appear to be three fiat rings surrounding 
the planet; round the outside of these rings move 
eight satellites. Distance from sun, 886,000,000 miles. 
Diameter, 73,500 mi les. Periodic Time, abou 1 29^ years. 

Saunders Blue {Paint), The term is a oomiptiou 
of the French CeiulreM Bleuei. Dltiuuiarine ash. 

Savannah. A plain or tract of land devoid of 
trees, but covered with other forms of vegetation. 

Saw. See Saws. 

Saw Bench. The table or support of a machine 
saw, on which rests the material that is being cut. 
The term inmost commonly applied to the table of 
a circular saw. 

Saw Block {Tifpog.) A piece of wood similar to 
a carpenter's mitre block, with the. addition of a 
rigiit angle cut, on which furniture is cut to required 
lengths. 

Sawdust. This is used for various cleaning 
pur|X).se8; for mixing in certain patent fuels; in 
moulding, to give porosity to the moulds; as a packing 
material, in the manufacture of oxalic acid, and for 
various other purpoL^es in the arts and trades. 

Saw File. A file specially made for sharpening 
saws. Tho commonest type i.s of triangular section, 
but files of other shapes are also used for shari^cning 
special kinds of saws. 

Saw Filing Machine. A machine used for sharpen- 
ing large saws, such as band saws. The saw is 
fixed in a suitable holder, and files moved by tbe 
machine act upon the teeth in succession. 

Saw Frame (Carp,, Eng,^ ete.) A frame in which 

thin or narrow sfiajied saw is fixed, being kept in 
tension by tbe frame. Hack saw^s and bow saws, 
fret saws and certain forms of machine saws arc 
thus supporte<l. Sec Saws. 

Saw Gullet. The space between two teeth. This 
;q>ace lias to be enlarged by filing, as the teeth wear 
away tiirough repeated sharpening; the process is 
icrmeil Gulleting. 

Sawing In {Bind,) Making slight indentations 
in the back of a book previous to sewing the sections 
together. The indentations are for the purpose of 
receiving the cords or bands {g.r.) to which the book 
is sewn, and are made by a tenon saw or a machine; 
In the case otfleseihlc binding tbe back of the book is 
iiot sawn, the bands lying outside. SIse Sewing, 
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8a«f ^Carp. and Join. Eng.^ etc.) Saws may be 
divided into two main classes : (1) those used by 
hand, and (2) those driven by machinery. Of the 
arst class, the Hand Saw is the most important ; 
the blade is about 2 ft. long, sufficiently thick to 
ensure stifihiess when in use, tapering in form, 
and having from 6 to 7 teeth to the inch. Of the 
same type are the Rip Saw, with largo teeth, for 
cntting along the grain of wood, and the HALF Rip 
(these have 3 or 4 teeth to the inch) ; and the Panel 
Saw, used in cutting tenons, etc., and having from 7 
to 10 teeth per inch. Cnoss Cut Saws have a blade 
slightly curved or l>ellicd along the cutting edge, and 
a handle at each end, requiring two operator's ; they 
are used in felling trees and in cutting across large 
balks and logs. For cutting across tlic grain of 
wood in small work the Tenon Saw is used. The 
blade is very thin, and is stiffened by a rib or Irack 
of brass or steel ; from this fact the term Back Saw 
is sometimes applied. It has 10 or 12 teeth to the 
inch. A Dovetail Saw is a similar saw wdth still 
finer teeth, usually 14 to 18 per inch. For cutting 
along a curve or in a very narrow space, a saw with 
a very narrow tapering blade (without a back) is 
used ; of this form are the Compass Saw, Pad Saw, 
and Key HOLE Saw. When the blade is very narrow 
or very tldn, it does ni)t possess sufficient strength to 
enable it to be used without bi'eaking, and is there- 
fore sup[)ortcd in a frame, by which the blade is 
kept in tension and thereby prevented from sudden 
bemling and consequent breakage. The Bow Saw 
is the type most used, in which the saw is fixed in a 
rectangular hinged frame of wood, and kept in tension 
by a twisted coixl. A Feet Haw for hand use also hai? 
a rectangular frame, but made of .steel, and the fine 
saw is kept sufficiently tight by the elasticity of 
the frame itself. A Hack Haw usually bus a blade 
I or I in. wide, kept in tension in a metal frame ; 
It is used for sawing metal, the blade being of 
hard tempered steel. Hack saws are not usually 
sharpened, as in most cases the blade breaks before 
its cutting power is exhausted, and a new blade* 
is fitted. 

The most. imT)ortant types of Machine Haw are 
the CiKCULAH Saw, Band Saw, and Jio Saw, or 
JiGGEB. The former is a circular disc of steel, 
varying in diameter from a few inches to several 
feet, according to tho use for which it is required. 
I'hc most important application of the circular saw 
is the cutting of logs and balks into deals, boards, 
etc., but some types are used for cross cutting. A 
Gbooving Saw is a circular saw having a thick 
blade projecting a small distance only above its 
table, and is used for rapidly cutting long grooves 
in wood. A Band Haw is wholly distinct from all 
the preceding types. It consists of a long I'ibbon of 
steel, having teeth on one edge, tho ends l>eing brazed 
together to form an endless band. This band runs 
over revolving pulleys, so that the motion of the teeth 
is always in one direction ; *it has a great variety of 
uses, and is especially useful in rapidly cutting 
curved work. Band saws may be adapted for catting 
metal as well as wood. A Jig Saw consists of a 
narrow straight bhidc, fixed in a frame, by which it 
is kept in tension ; thi.s frame is given a reciprocating 
motion by machinery, Tw'o or more blades are often 
fixed in one frame, and the saw is then used fur 
cutting simultaneously a number of boards from a 
single deal or log. Fret saws and hack saws are 
occasionally driven by machinery, a fret saw driven 
by foot power l>eing a familiar tool in the workshops 
of amateurs. Various other types of machine driven 


saws are also made for special uses, but tbey usually 
follow one or other of the above types. 

Saw Setting. If the teeth of a saw lay entirely 
in the plane of the blade, the saw would jam in the 
cut or kerf. To prevent this, the teeth are bent 
alternately to right and left by means of pliers, a 
punch, or a tool with slots fitting the teeth, termed 
a Saw Bet. 

Saw Sharpening, The formation of the cutting 
edge on tlie teeth of a saw, as distinguished from 
setting and gulleting. 

Saw Spindle, The axis or shaft on which a circular 
saw is mounted and by which it is driven. 

Saw Table. A Saw Bench (jg.v.) 

Saxhorn {MnHo). A family of brass wind instru- 
ments invented by M. Sax, a Belgian, about 1840. 
See p. 437. 

Saxifragaces (Botany}. An order which includes 
the genus Kibes, the Currants (iZ. ruhrum, the Red 
Currant ; B. nigrftm^ Black Currant ; B. groesvlaria^ 
Gooseberiy), and a number of garden plants. 

Saxon Architecture. Hue Anglo-Saxon Abchi- 
teotube.* 

Saxophone (Music). A family of brass wind in- 
struments invented by M. Sax, and played by means 
of a single reed. Sec x>. 403. 

Sc (Chem) The symbol for Scandium {q.v.} 

Scab (Foundry). A place on tho surface of a 
casting where the fluid metal has penetrated the 
surface of the mould, forming a lump or projection, 
which may be composed either of sound metal or of 
metal mixed with sand, and consequently unsound. 

Scabbard (Arm.) The sheatli of a sword. See 
Armoub. 

Scabbling (Build.) Roughly reducing stones (at 
the quarry) to the desired shape. 

Scabby ('I'ypog.) A term used to describe work 
unevenly printed, owing to irregular distribution of 
ink and consequent patchy appearance. 

Scabellum {Architect.) A form of pedestal used 
as a support for a bust or statue. 

Bcagliola {Dec.) An imitation marble composed 
of the same materials as Mabezzo (^.v.); but the 
process of manufacture is somewhat different. 

Scalar Quantity (Phys.) A quantity which pos- 
sesses magnitude, but not direction, as distinguished 
from a Vectok (//.r.) Mass and density are examples 
of scalar quantities. 

Scale (Drau^iny, etc.) (1) A line (straight or 
curved) which has been divided in some si>ecial 
manner. (2) A piece of wood, metal, ivory, etc., on 
whit^h such a scale is drawn. (3) The ratio of the 
dimensions of a drawing to the corresponding dimen- 
sions of the actual object which it represents. See 
Scale Dbawing. 

(Music), The series of sounds into ’^’hioh an 

octave is divided. Scales are of two kinds : Diatonio 
and Chromatic. The DIATONIC SCALE, so called 
because in performing it the passage is chiefly 
through t&nes^ is of Greek origin, and of two kinds or 
modes : (1) The Major mode ; (2) The Minor mode. 
The MAJOR MODE consists of two Tetiaohords 
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)i»YiDg tho same steps, viz. Tone, Tone, Semitone ; 
and are themselves separated from each other by a 
Tone. The steps therefore are: 



the minor scale came into practice, which gives the 
following order of steps in ascending : 



all the intervals being Tones excepting betw'een the 
3r(l and 4th and between the 7th and 8th sounds, 
which are Semitones. Because there are between 
the 1st and 3rd sounds two tones (a Major 3rd), 
this mode is called the Major Diatonic scale. If (: 
is taken as the starting note to form these steps, tho 
first tetrachoiYl will consist of C, I), E, K, the sejuir- 
aling Tone reaching to G, and the second tetrachonl 
< oiisisting of G, A, B, C — all natural notes. Hence 
this is sometimes called the Natural scale. But if 
any other note than C be taken as a starting point, 
.sharps or flats (y.r.) arc requited; e,ff. taking B as a 
starting or ko) note, the first tetrachord is — 


E 


I Tune j ! loiit: j { | 

ii (i 1 
and the second tctrachord — 

( 'ione'l I'Toiie , 

■"S 


1 1 

B. 


These sharps and flats are placed at the beginning t»f 
a piece, and are know^n a.v tlie key signature. For tlie 
sharps and flats necessary to each Major scale %ee Kky 
S iGNATL’Ki: (p. 332). The MODE o^iginajl^ 

oonsistc^l of the same sounds, starling a minor 3rd 
lower, i.i\ taking the sixth note as the starting note. 
Modem music discards this Nonual minor morle, 
except 5n the ca-e incntioncd below, hut recognises 
two form.s of the Minor mode: («) The Harmonic form, 
and (&) the AleJodic form, (^a) Tl)e Harmonic form, 
as its name implies, is that employed by parts in 
progressing from one chord to another, and is the- 
older of the two forms. It only differs from the 
original minor in having the seventh sound .sharjiened 
so as to give a proper leading note, i.r. a seventh 
sound of tho scale a semiione only below the eighth, 
ThtJ order of the step*.? in the Harmonic form of the 
minor are : 


fSeiiiitune 

Tone and a half 
(augiueuted 2na) 



^ouiitone 

Ton® 

Ton« 

8emitoD«i 

Tone 


This, ho\vever, with the exception of the third sound, 
is identical with the Tonic major (//.v.); and in 
order to preserve the identity of the Minor mode, the 
steps of the upper tetnichord are altered in descend- 
ing to the Normal minor, the order of the steps 
being : 



The CiiRuMATK' Sc.vLE (‘oiisists cntirelv of .semi- 
loiie.s, the octave being divhlcd into twelve steps. 
There jne tw'o forms of the chromatic scale, viz. tl»c 
Harmonic and the Melodic, the diifference Udug one 
notation only. The Ilanuonio form in the Major 
key consists of the .seven notes of Hu; Major diatonic 
scale with the Minor Jnd, 3rd, (Jtlj, and 7tlj, and 
Augmented 4th ad»led ; in tho Elinor key it consists 
of the seven notc.s of the* Normal minor scale with 
the Minor 2nd, Major 3rd, (iih, and 7tli, and Aug- 
inenteil 4ih abided. I l.e melodic form of Ghromatic 
scale in the Major key con.si.stK of the seven notes 
of the Major .scale, with the addition of a chromatic 
semitone after the l.st, 2nd, 4th, Gth, and tith notes 
in ascending, and, in descending, is identical with 
the Harmonic Chromatic .scale. In the Minor key it 
comsists <if the Normal minor scale, with a sharp (or 
naluriil) inserted after the 1st, 3rd, 4th, 6th, and 
7th notes when ascending, and having exactly tho 
same notes in descending, with the single exception 
that tlm Minor 2nd of tlic key is used instead of the 
chromatically altered keynote. The following .«how.s 
the different scales, taking D as the keynote in each 
case : 

.Major Diatonic .Sctilo. 


Minor Scale, Normal Forn:. 


(d) To avoid the awkward interval of the augmented 
second when taken melodically, the Melodic form of 
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Minor Scale, Harmonic Form. 



Minor Scale, Melodic Form. 






r<»-' 




'"cr- 


Chromatic Scale, Harmonic Form, with Major Signature. 


“CF 








Chromatic Scale, Harmonic Form, with Minor Signature. 


7M- 




Oiromatic Scale, MchKlic Fortii, with M^jor Signature. 





::| 






Cbroniatic Scale, Mehalic Form, witli Minor Signature. 

It is nut unii.sual to find incorrect notation in 
chromatic scal(‘s, the resison bciiij? that at times it 
minimises the number of accidentals in a passage. 
The ancient scales of the CUiurch are shown under . 
Modes Sea also Key and Key Pionatubiss, 

Beale (2'rade Term), (1) Material formed on the ; 
surface of an object, e.^. oxide formed on wrought ; 
iron during forging. (2) Material wliich ha.s been \ 
carried into Ixolers or tanks susi>endt'd or dissolved i 
in the water, and lias been deposited on the walls or 
plates of t he vessel. 

Scale Board {Typog^ An obsolete term describ- 
ing a material forrnc'ily iisful for obtaining accurate 
regi.-'ter (^.r.) ].cad8 ami tliin strips of cardboard , 
are now generally cmi>Io> ed. | 

Scale Drawing* Dniwing an object, to scale ineaii.s , 
making a drawing in wliicli all the dimensions are 
altered in the same proportion; the ratio of the 
actual size of the drawing to iite actual dimensions • 
of the object is termed the Rf.piiesentative Fbac- ! 
TlON, or the Scale, of the drawing. 


Seale of Hardness (Afm.) ike HABDNJBsa 
Scale, Thermometric {Heat), The division iiito 
(convenient intervals, termed Deobbbs, of a known 
diiference of temperature. This difference is in 
practice that between the freezing and boiling points 
of pure water at normal atmo.spheric pressure. In 
the s(!ale used in scientific work, the Centigbadb 
Scale, the two fixed points, as the above two tem- 
peratures are called, are marked 0® and 100° respec- 
tively ; in the English, or Fahrenheit Scale, they 
are marked 32° and 212®, and in the Reaumub they 
are marked 0° and 8()P. Thus 100^ Centigrade cor- 
responds to 180° Fahrenheit and 80° K^anmur. For 
< on version from one to another it is convenient to 
use the following formula, in which F denotes the 
reading on the Fahrenheit, C the Centigrade, and E 
the E(^aumur scales : 


V - :j2 
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Scaling {Eng., etc.) Removal of scale or deposits 
from a surface, e.g. from the inner surface of tiie 
plates of a boiler. 

Scaling Hammer {Eng.) A hammer with a sharp 
edge, used for Scaling {g.r.) 

Scandinavian {Tgpog.) A printing machine of 
the platcHi )>rinciplo. 

Scandium {Chem.) Be. Atomic weight, 44. A 
very rare metal oi'.curring in gadolinite and euxenitc. 
The metal has not been obtained. Oxide, Sc^O^, a 
white infusible powder. Sulphate, Sc,(S 04 ) 3 , forms 
a double salt with potassium sulphate. Spectrum 
(spark) is characteristic and ^e^y complex. The 
existence of scandium was predicted by McndeleelT, 
and he gave it the name Ekaboron. 

Scantling {Build., etc.) (1) A sample or pattern, 
i.e. a small quantity. (2) The dimensions of certain 
building materials, e.g. timlwr, stones, etc., as re- 
gards lengt li, \>rcadth, and thickness. (3) Timber less 
than 5 in, square. 

Scapolite {Min.) A calcinm-alnminium-sodium- 
eblorosilicate. Compo^^ition variable. Tetragonal; 
colour white, grey, or }>a]e blue or green. Jt is chiefly 
found in metainorpliic rocks, cspecialh in those of 
calcareous origin. From Sc^andinavia, Finland, 
Greenland, and Xorth Araericji. 

Scapula {Zool.) The shoulder blade ; it is the 
principal member of the series of structures termed 
the SiTouLDF-u GiBnr.i:. to which the fore limbs of 
an animal are attached. 


Scapular, Scapulary ( Coet^ (1 ) A narrow band of 
cloth worn across t he shoulders and reaching almost 
to the. feet. It forms part of the dress of certain 
religious orders. (2) A monastic hood and cloak. 

Scarab (-1 rehatol.) A gem carved on one side in 
the shape of a scarabaeid beetle, and on the other 
.side engravetl as a seal ; used by the ancient Egyp- 
tians as a seal and amulet. 

Scarf Joint {Carp.) This term is applied to a 
variety of longitudinal joints between timbers {i.e, 
timbers fixed to each other in the same straight line). 
The essential characteristic of the joint is that the 
two members overlap, each being cut in some special 
manner, as distinguished from a butt joint, in which 
there is no overlat>piiig. There is a great variety 
of scarf j<dnts, differing in the form given to thn! ent 
Mirfaec'^ and in the manner of wedging or keying up 
1 ho joint. 

Scarp or Escarp {Her.) A diminutive of the 
bend sinister, and half its width. 
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Bean ( i "hem. Tech,) The clinkers (chiefly sulphide 
of iron) which form in pyrites burners during the 
combustion of pyrites for the generation of sulphur 
dioxide in the manufacture of vitriol. 

Beaupep (JSnffrav.) (1) A tool used in wood 
engraving for cutting away the spaces between the 
lines. (2) A tool used by* line engravers. See En- 
GIIA.V1KG AND ETCHING. 

Beene (Art). (1) A landscape or view. (2) One 
of the divisions of an act of a i)lay. (3) A screen or 
curtain suitably painted to form the background for 
the action of a play. (4) The stage with its sur- 
roundings. 

Bcheele’s Green. Used as a pigment, though its 
poisonous nature has gradually prevented its use on 
wallpapers, it is arsenite of copper. Insoluble in 
water. Obtained by adding a soluble salt of copper . 
such as the sulphate (blue vitriol) to a solution of 
potassium arsenite, when the pigment is precipitated. 

Bcheelite (iHm.) Calcium Tungstate, CaWO^, ! 
containing 70 to 80 per cent, of Tungstic acid. 
Tetragonal and hemihcdral, occurring in lustrous short 
pyramids in various shades of yellow and brown. Its | 
density is liigh, 4*5 to 5*0. ilrittle^ Named after , 
Hcbeclc, the Swedish chemist, wlio first discovered • 
Tungstic acid in this mineral. From Brandy Gill and 
Mosedale in Cumberland, C'ornwall and Devonshire, j 
Bohemia, Haxoxiy, Uuugary, etc. Valuable as a source j 
of Tnngstates. i 

fleherzando, Bcherzoso (My sic). In a playful, | 
jestful manner. I 

Scherzo (Mysie). A composition of a playful 
cbsiracter. j 

Bchiffs* Reagent (r/r^?/i.) A solution of magenta , 
decolorised by sulphur dioxkh* ; it gives a %iolet ! 
colour with many aldehydes. See IIOSANILINK. I 

Bchizt (Oeol.) The term schist is applied in ■ 
France and Italy to any r<x;ks which are fis-siie or 
split readily into thin slabs. The term is there used 
without any reference to the lJl^tory of the rock, so j 
that what w’ould be called 8hulc, Plate, Shiver, t»r \ 
Blaes in Britain, as well as flagstones and also slate.^ ' 
of all kinds, would there be termed Schist. Here, ' 
however, the use of the term is restricted to such 
rocks as split in certain definite directions in conse- 
quence of the development within them, by meta- | 
morphic causes, of some scaly silicate, such a.s mica ! 
or chlorite. Sciiistose structure i.s, in t}ii.s sense, • 
always a result of dynamic metamurphisin. Any | 
rock may be rendered scliistove if it is subjected to j 
powerful earth movements, ojjcrating at great deptlis | 
below the surface and oi such a nature as to give* ' 
rise to a shearing movement, or flow, of one part of ; 
the rock over the next immediately below it. It is 
probably a result of continued physical nnd chemical 
changes in which a high temj:)crature and the pre- 
sence of water arc factors of considerable imjwrtance 
in bringing abont the metamorphic change. ISchisto.se 
structure may be developed in any kind of rock, 
though the term schist is usually unierstood to imply 
the absence of any layers or bands containing much 
crystalline felsjjar. A rock of this latter kind would j 
be termed a Gneiss (i/.v.) The mineral character of 
a schist necessarily varies with that of the original j 
rock affected. Thus, if potash felspar is originally \ 
present, as is the case in the arkoses of the Torrid onian 
Itocks, Muscovite is found at the expense of the 
felspar, and the rock becomes a Musconte Schist. 

If some original ferro-magnesian silicates are pre- 


sent, the rock may become a biotite schist or a 
hornblende schist, as the case may be. Some 
modifications arise through the temperature pre- 
vailing where the schist was in process of formation. 
Subsequent changes produced by (1) a later rise of 
temperature, (2) hydrometamorphism, may affect the 
character of the schist. Thus, if the ferromagnesian 
silicates are hydrometamorphosed, the rock may 
become a Chlorite Schist. 

Bchistose Btnietiipe (Ocot.) Sec Schist. 

Schleifer (Mysic). See Obnaments (6), p. 479. 

Bohnell (Musio). Ibc German term for quick, as 
Mdsng sehnell, modcrntcly quick. The comparative 
is Sekneller, 

Bchneller or Bchnelzer (Music). See Mordents, 
p. 413. 

Bchoolz of Painting. See I'aintinc., Sdf ools of. 

Schorl (Min.) A black variety of Tourmaline 
(q.v.) It is tho commonest variety, and is a common 
mineral in plutonic and metamorphic rocks, 

Bchweinfkirth Green. Sometimes called Imperial 
green. A somewhat obsolete pigment. It is an 
aceto-ar»enite of copper obtained by adding acetate 
of copf)er solution to arsenious oxide (white arsenic) 
in water. 

Schweitzer’s Reagent (Chem.) A solvent for 
cellulose. Sec Cellulose. 

Sciagraph. The plan of a building drawn in 
vertical section so as to afford a view of the internal 
structure, 

(IJlert.) A synonym for Radiogbaph, a 

photograph taken by the Rdntgen Rays, 

BclAgraphy. (1) In astronomy, the method of 
ascerlaining the time by observing the shadows due 
to the sun, moon, or .stars; dialling. (2> In art, the 
correct rendering of shadow's : shading. 

Science. The classification of facts, and the 
recognition of their sequence and relative signi- 
ficance ” (Karl Pearson). 

Scimitar (Anns). A carved sword with tho 
cutting edge on the convex side ; a weai>on peculiar 
to Oriental countries. 

Scintillation. An expression of no very exact 
signification, e.g. the throwing off of sparks by a hot 
object, OP an Hpi)earance of the same kin<l in the case 
of a brightly luminous or illuminated object. 

Scintillation of Stars (Astrm.) The light r^f 
stars when near tl.c horizon docs not appear steady, 
but scintillates or twinkles. This is a purely atmo- 
spheric phenomenon. 

Bciolto, Bcioltamente (Music). Freely; the ex- 
presbion is synonymous with ad libitum (q.v.). 

Bcleronchyma (Botafty), The term applied to 
thick walied, lignified cells met with in plants. The 
function of the tissue is to give support. 

Sconce ( F^tmiture, e/e.) ( 1 ) A brac.ket fixed to and 
projecting from a wall, and intended to bold a light, 
generally a candle or candles. (2) The receptacle 
for bolding the candle in an ordinary candlestick ; 
the term is abo applied to the brim which surrounds 
the receptacle. 

Scoop Wheel (Kng.) A wheel resembling a water 
wheel, turned by jiower, and employed for raising 
water from a lower to a l^gher level ; used occasion- 
ally in drainage and irrigation work. 
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Score (JHusUf). Two or more staves braced together* 
so called from the bars being ** scored ” through the 
set of staves. Score is of five kinds: (1) full or 
orchestral; (2) vocal or open; (3) short or com- 
pressed s (4) pianoforte or organ score ; (5) supple- 
mentary, (1) In a full score each part or set of parts 
of the orchestra (and voices, if any) are displayed 
on a separate stave. The various instruments are 
generally arranged in groups, e.y. the ** Wood wind,” 
the ^ Brass,” the “Strings,” the “Percussion”; but the 
order of the mups varies considerably in different 
Boorea It will be impossible to give more than one 
arrangement here : 

FI. I*icc. (Piccolo) 

Flauti (Flutes) 

Oboi (Oboes) 

TFMd J •Corno lagleae (Cor Anglais) 
wooa woM ( ciarinetti in B (or A) (Clarionets) 
'''Clar. Basso (Bass Clarionet) 

Fagotti (Bassoons) 

^*Contra Fagotti (Double Bassoons) 


Corni 1, 2, in . . . 
Comi 3, 4. in . . . 


Brats 


Pereutiiion ■ 


StHntjs 
(part of) 


or combinod on one 
or two staves. 


Tromhe in . . . (Trumpets) 
♦Troniba Bassa (Bass Tramp(?t) 
Trombone 1 \ 

Trombone 2 V 
Trombone 3 J 
♦Tuba 

f Tym|)ani in , . . (Kettle Drums) 
platti (Cymbals) 

[ Trlangolo (Triangle) 

Arpa (Harp) 

Viol. 1 (1st Violins) 

Viol. 2 (2nd Violins) 

Viola 


Soprano 
M- . I Alto 

t Bass 


Strinffs f Violoncello | 

(part of) \ Basso (Double Bass) 

(>Tgan ! 

In military band scores the following instruments (or I 
some of them) will be found, arranged somewhat in I 
this order : | 

Piccolo in Ejj, 

Flute in % (or together on one stave) ; 

Clarionets * 

Oboes; 

1st B|7 Clarionets ; 

2nd B) Clarionets; 

3nl arid 4 th BJ^ Clarionets ; 

Tenor Clarionets in £[7 ; 

Bass Clarionets ; 

Saxophones ; 

Bassoons ; 

1st Comets; 

2nd Cornets; 
let and 2nd Horns ; 

3rd and 4th Horns (or Saxhorns) ; 

Baritones ; 

Trumpets ; 

Trombones ; 

Euphonium ; 

Bombardons (String Basses); 

Bide Drum ; 

Bass Drum; 


Cymbals; 

Triangle ; 

Carillon. 

For examples of notation of all these instruments, 
see Musical Instbuhbjntb (pp. 426>-446) and 
Tbansposition. (2) In vocal score each voice is 
written on a separate stave, with the proper clefs. 
The soprano clef, however, is seldom used now ; in 
fact, the majority of modem music has the G clef 
for the soprano, alto, and tenor staves. In this 
case the tenor part is written an octave higher 
than it is sung. Modem vocal score tliercfore appears 
thus : 



Bass. 


(3) Short score has the soprano and alto parts 
written ou the treble stave, the soprano notes having 
the tails turned up, and the alto notes with the tails 
turned down, and the tenor and bass parts on the 
bass stave, the tenor notes having the tails turned 
up, ami the bass notes with the tails turned down. 
Short or compressed score is also applied to orchestral 
works written ou two staves only for performance on 
the organ or pianoforte, and very often having only 
tlie principal parts in full. (4) Pianoforte music is 
written on two staves, viz. the treble and bass braced 
togetlier as in short score. Organ music is generally 
written on three staves, thus : 

Manuals. 



In older music the organ, harpsiclionl, or pianoforte 
part of a vocal composition was printed on a single 
stave with the figuring of the chords. This was 
known as figured bass. The following examples 
show the beginning of the quartet from FurcelPa 
anthem, '* O ^ve thanks,” firstly, in vocal score with 
the figured bass organ part ; and secondly, in abort 
score with the organ part, as it should be played. 


** ThMo instnimenta are IflM frequently met with. 
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(5) Supplementary score is an arrangement for 
certain iiistrnmeutB, such as the ** percussion ** or 
trombones, placed at the end of the full score, when 
owing to lack of space it is found impossible or 
diiiicnlt to print them on the one page. See eUso 
ClEF» STAVB, and TBABaPOSIKO iNSTBUMBNTa. 

Boopia {Geol.) A general name for the larger 
fra^ients of vesicular lava ejected from a volcano 
daring explosive eruptions. But an eruptive rock is 
said to l>e sooriaoeous if it happens to be full of 
vapour cavities so as to resemble a sponge. 

etr.) (1) Slag of a cindeiy character. 

(2) The recrement of fused metals. 

Scorifleatioa (Afe/.) The addition of lead to 
copper which is required for rolling into sheets ; the 
term refers to the production of scorise, which occurs 
on ihe surface of the fluid metal. 

Bootch Dressing {Cotton Manufac.') /^eDBBSSiNG. 

Bootch Pig Iron Iron from the Clyde di.s- 

tricts, coiefly made from black band or clay ironstone ; 
it is much used for ordinary foundry work. 

Bcotch Bnap (il/irme). The peculiarity of a short 
note preceding a long one in Scotch melodie.s 
especially the strathspeys. 

Bootch Tuyere {Met,) A TuyebeC^.v.) cooled by 
water circulating in a pipe coiled round the tuyere. 

Beotia {Archited .) A hollow moulding frequently 
used in the bases of columns in Creek, Homan, and 
llcnaissance architec- 
ture. It separates the 
two torii in the Attic 
base. It is also known 
as a Trochilus, and a 
similar moulding used 
in Gothic architecture 
is known as a Case- 
ment or Casemate. See 
Attic Babe and Case- 
mate. 

Boouring, Cleaning by rubbing with sand and 
water or dilute add ; used in tin plate manufacture. 

{Leather Manyfac,) The scouring or cleaning 

of leather after the rough tanning has been done, 
and previous to polishing and finishing. Scouring 
may effected by hand or machine, with brush, 
stone, brass, or steel tools, or by rotating the leather 
in a drum with sumach. 

{Woollen or Worded Manufac,) This term 

relates to the washing of wool, yam, and cloth, the 
machines for each being entirely different in con- 
struction. 

Beraper (Bind,) A steel implement used for 
scraping the edges of books in order to secure an 
even surface before gilding or burnishing. 

{Bng,) The tool used in Scbapinq and 

Surfacing metal (^.w.) It usually consists of an 
old file ground to a sharp edge of convenient shape. 

{Joinery, etc,) A flat blade of steel used in 

smoothing a wooden surface. The edge is usually 
ground and set at a right angle, and a smooth piece 
of steel is drawn along it in order to produce a 
wire edge or burr, which serves as the actual cutting 
edge. 

Beraping {Eng.) The final process of preparing 
an accurately plane surface where a very good fit is 
essential ; totally distinct from scraping woodwork, 


which aims at a good appearance only. The irregu- 
larities of the surface are found by rubbing a film of 
red lead and oil on a Subfacb Platb (^.v.) or on an 
already finished surface which has to make a fit with 
the one being operated on. On placing the two 
surfaces in contact, patches of red lead appear ou 
the projecting portions, and these are cautiously 
removed by the scraper, and the test is repeated. 
The process is slow and laborious, but the results 
which can be obtaiTied in this way are marvellously 
accurate, and cannot be approached by any other 
method in engineering work. 

{Joinery, etc,) Smoothing the surface work 

with the ScBAPBB preparatory to final 

finishing, varnishing, elo. 

Bcpap Iron or Berap {Eng.) Old iron, whether 
cast or wrougliL former is re-molted along with 
fresh pig iron for foundry use, and the latter can be 
re-wolded if of sufficiently good quality. 

Berap Bteel {Met.) Scrap steel is added to the 
charge in <‘ertain processes for the prrxluction of 
steel, e.g, the Open Hearth and Siemens Processes 
{g.r.) 

Bcratched Figures (Typog,) Figures with a line 
drawn diagonally across the face, as If ; used in 
mathematical works. 

Boree ( Geol.) See Scbees. 

Bcreed {Plant erhig), (1) A narrow line of plaster 
laid to the desired thickne.ss, and when hard ii.scd as 
a guide for the floating rule. (2) A narrow ground 
of wood fixed as a guide for plastering. 

Bereen ( (hirp. and Join.) Framing, either p^mellcd 
j or having the up{>er part glazed ; used as a partition. 

^ {Lantern Work), A flat white surface, 

I either opaque or transparent, according as the 
1 lantern is placed in front of or behind the screen, 
i The former method is much the better. ]n this case 
! the best screen is a surface coated with dead white 
I plaster ; a w'hitewa.<ihed wall is perhaps next be^t ; 

: then a good paper faced screen, Tlie common linen 
I screen is far too transparent, but owes its popularity 
to its portability. 

, Electric. A elo.sed conductor within which 

a pie<‘(t of apparatus \^e..g, an electroscoi)e) can he 
]»lai-fc<l in order to protect it from external electrical 
influences. A fairly effective screen may be formed 
by metal gauze or c\cu a wire cage, 

9 Mimetic. A closed or nearly closed case or 

cover of thick iron for protecting magnetic apjjaratus 
from external magnetic influences. Tlio shielding 
effect is never as complete as in the corrosjHmding 
case of an electric screen. 

, Methuen’s. Methuen Bcbeen. 

, PhotozincogFaphic. See I^ocbbb Work. 

Berees ( Geol.) A term originating in the north of 
England, but now used elsewhere, and applied to the 
long trains of rock fragments which strew the slopes 
of a hill below a crag, and which are due to the 
weathering of the ro(tk wdiich forms the crag. In 
most cases they represent the amount of disinte- 
gration of the parent rock since the close of the 
Age of Snow. 

Borev. If a helical groove be cut on a cylindrical 
(or conical) object a ScBBW is produced. The por- 
tion of the original material which remains between 
the parts cut away in forming the groove is termed 
the Thread of the screw. The distance between 




8CB 


G5l 


SOB 


consecutive turns of the thread is termed the Pitch 
of the screw. The Depth of the Thebad is the 
depth of the groove ; the Fobm of the Thbbad is 
the shape of its cross-section when cat by a piano 
passing through the axis of the screw : if the groove be 
rectangular in form, a Bquabe Thread is produced. 
See aUo Screw Threads. The catting of the groove 
which forms- the thread produces a new surface of 
peculiar character, which forms the sides of the 
thread; this is known as a Screw Surface, and 
may be considered (mathematically) to be prmtuced 
as follows: Let a fixed straight line be taken to 
represent the Axis of the screw, and let another 
line, termed the Genebatinc Like, intersect it at a 
constant angle. Then if the generating line rotate 
uniformly about the axis, and at the same time the 
point of intersection move uniformly along the axis, 
the surface generated by the motion will a Screw 
Surface. The pitch of the screw surface will be the 
distance which the point of intersection moves along 
the axis daring one revolution of the generating line. 
If two (or more) grooves be cut round the same 
cylinder, parallel to each other, a Two-Threaded 
(or MuLTirLE-J'HREADEO) SCREW is produeed. A 
screw usual)}' turns in a Nut, an object having a 
cylindrical hole provided with a replica of the 
screw thread, into which the sci-cw fits smoothly. 
A single turn of tlie screw relative to the nut causes 
a relative longitudinal movement between the two, 
equal in amount to the pitch of the screw. Screws 
in practice are usually of metal, wood being employed 
in a few instances only, for carpenl(*rs* bench 
vices, wood clamps, etc. Metal screws arc cut by 
stocks and dies, screw cutting lathes, screwing 
machine's, etc. (g>v.) The nut is formed by t*’ps 
(y.r.) or by a lathe or machine. The process of 
cutting screws by the use of n chaser (q.v,) was once 
common, but is now almost obsolete, except in 
some kinds of light work, e.ff. the formation of a 
thread on a thin tube, such as is used in some optical 
instruments. The uses of screws are readily classified 
under two lieads: (1) As a iiiciiiis of f;ihlcning {e.ff. 
wood screws, bolts and nuts, etc.) ; (2) as a means 
of producing I'egular linear motion {e.g, the leading 
screw of a screw cutting lathe, in a screw jack, 
screw gaugi*, etc.) 

Screw Barrel {Eng,) A cylindrical roller or drum 
having a helical groove {see Sckeht) cut in its surface 
for the reception of a chain which is wound up on 
the drum. 

Screw Blade {Eng,) The blade of a Screw 
Propeller (q.v.) 

Screw Bolt {Eng,, etc.) An ordinary Holt {q,v,) 

Screw Chase {Tyjtog,) Screw chases arc used 
chiefly for newspajier work. The type is secured by 
the action of set screws instead of quoins. 

Screw ChaBing {Eng.) Cutting screws by hand 
with a CnAsiNU Tool, a flat bladcd tord having 
teeth corresponding to the form of t)m thread. This 
tool is mo\ed along the top of the rest as the work 
rotates in the lathe. By properly judging the rate 
of motion a screw thread can be cut with fair 
accuracy. 

Screw Clamp {Join,, etc.) A device for bolding 
the parts of a piece of work in place or for forcing 
them into position. The requisite pressure is applied 
by Tneans of a screw. The tool may be m^e of 
cither wood or metal. 

Screw CompoBing Stick {Typog.) A form of 
composing stiok in which the slide is secured by 


means of a screw and slotted nut instead of by a 
spring. See Ttpographt. 

Screw Catting {Eng,) This term is nsnally 
applied to ttie catting of screws in the SCREW 
Cutting Lathe (^.r.) Screws are also cut by 
Charing, by Stocks and Dies, and by Screwing 
Machines (a,v.) 

Screw Catting Lathe {Eng.) A lathe in which 
the slide rest carrying the cutting tool is made to 
travel along the bed witli a uniform velocity, which 
is duly propf>rtioncd to the rate of rotation of the 
work in the lathe. This “ travel ” is obtained by the 
Leading ScREW^a square threaded screw actuating 
a nut fixed to the slide rest. The rate of rotation 
of the screw is governed by a train of Change 
Wheels, connecting the leacling screw to the man- 
drel of the lathe. The wheels are so chosen tliat the 
tool travels througii a distance equal 1o the Pitch of 
the screw (see Screw), while the mandrel makes one 
revolution. 

Screw Dies (^»y.) Stocks and Dies. 

Screw Driver. The tool used for driving in or 
drawing out screws which are provided with a slotted 
bead, whether in wood or metal work. The blade is 
often made broad, in order to give stiffness ; but a 
circular, section, of diameter not exceeding that of 
the screw head, is preferable. The handle should be 
broad, to afforl effective leverage. 

Screw Driver Bit {Carp., Eng,, etc.) A screw 
ilriver blade made to fit a Brace ( 5' t'.) 

Screw Feed {Eng,, tie,) Mechanism in which the 
feed of a cutting tool, or slow motion of any other 
part, is obtained by a screw and nut. 

Screw Gauge. An instrument for measuring the 
length or diameter of small objects with accuracy. 
A well cut screw, whose pitch is exactly known, 
turns in a nut fixed to the frame of the instrument ; 
u stop is attached to the latter in line with the axis 
of the screw', so that by rotating tlie scicw, a gap i»r 
ojxjiiing of any desired width (up to the limit allowed 
by the dimensions of t: e instrument) may be formed. 
The object to be lueasured is placed in this gap, and 
the sere w adjusted till the object fits exactly, with- 
out shake, belwet'u tl.o stop and the end of the screw. 
The exact dislaiioe betw'ceii the two latter may be 
read off on a scale engiaved on the apparatus. 

Screw Gearing (Eng.) (1) Worm gearing {q.r.y 
(2) Gear wheels whose teeth are not at right angles 
to the plane of the wheel. The teeth in this case 
may form portions of screw threads ; such gearing is 
useful for connecting two shafts making an angle 
with each other. 

Screw Head. The top part of a screw, by means 
of which it is turned. It may be cither Blotted, as 
in wood screws, or Square, Hexagonal, etc., to fit 
a spanner or key, or Milled (j.t>.) to enable it to be 
turned by hand. 

Screwing {Eng,, etc,) (I) The cutting of screw 
threads. Applied especially to cutting threads by 
means of dies w'orked either by hand or by a 
Screwing Machine {q^r.) (2) burning a screw or 
nut in order to cause it to advance or rec^ode. 

Screwing Hachine {Eng,) A machine usually 
resembling a lathe in form, by means of which a 
succession of similar screw threads can be rapidly 
cut on the ends of bolts, rt>d8, etc. The rod may 
pass through a hollow mandrel, and the dies be fixed; 
or the dies may rotato in jaws fixed on tiie inundrel,. 
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and the work be held in a slide rest. The former 
method is. ailopted when a number of similar screws 
are being made from one length of rod. Vaiious 
tools for cutting and finishing the screw, as well as 
the screwing dies, are fixed in a Tubbet (^.r.), and 
can be caused to act on the work in succession. In 
some machines the whole of the operations are made 
automatic, when one workman can attend to a 
number of machines. 

Screwing Tackle Stocks and Dies, Taps, 

etc. used in producing screws by liand. 

Screw Jack (2^^.) A portable device for raising 
heavy weights through a small distance. It consists 
essentially of a vertical screw working in a nut 
supported on a suitable frame or body. The screw is 
turned by force applied at the end of a lever handle 
or bar, which is put through a hole in the head of the 
screw ; the screw rises slowly, exerting very great 
lifting force. 

Screw Key (A’w/;., c/c.) A Spannkb 

Screw Mandrel ATbavebsing Manduel 

(q.r.) 

Screw Micrometer. A piece of apparatus for the 
accurate measurement of small distances, based on 
the motion of a screw. A Screw CIauoe is a form 
of screw micrometer. 

Screw Mail (Carjf.) An old and somewhat mis- 
leading term for a Wood Screw. St^e Screw. 

Screw Pile (Oivil Eng.) A Pile with a 

screw at the lower end. It is driven into the ground 
by rotation instead of by blows from a falling weight. 
Screw. 

Screw Plate {Eng.y etc.) A hard steel plate 
forming a number of* dies for cutting small screws. 
Screwed holes are made in the plate, and very often 
slots are cut in opiKisite sides of the hole, so a.** to 
form cutting edges. Screw plates are inferior to 
Stocks and Dies Cy.?’.)? which are used for larger 
work. 

Screw Press. A device for exerting pressure by 
jueans of a powerful screw, wliich aet.s on the ol»ject 
to be compressed. 

Screw Propeller (Eng.) Often termed a .Screw or 
a Propeller. It consists of a central Hub or Boss, 
mounted on the propeller or sci ew shaft which projeebs 
from the stem of the ve-sscl. From this bo.*is prt>ject two 
(or more) Blades, wbic-h form parts of two modified 
screw surfaces. Screw. The proj idler is usually 
made of Manganese Bronze (jq.v.\ ainl may cither be 
cast in one piece, or the bladf'S may be attached 
separately to the boss. Two screws arc often used 
in modern vessels, one being placed on ea<;h side 
of the keel post ; this arrangement, termed Twin 
fiCRBWS, nocessitate.s, of course, the fitting of two 
engines anti propeller shafts, which arc completely 
intlependent of each other. 

Screw Shaft or Propeller Shaft ( A'ay.) The .«teel 
shaft which cornrnunicates the motion of the engines 
to the propell(!r of a steamship. It is carried on 
bearings rigidly fixed to the lower part of the framing 
of the vessel. The longitudinal force on the shaft is 
balanced by a TiiRUhiT Block iq v.) The shaft and 
its hearings run in a tunnel, along which a nian can 
j>ass in order to examine and lubricate the bearings. 

Screw Stock ( Eng . ) See Stocks and Dies. 

Screw Surface. AVr Screw. 


fiorew Tap {Eng.) A Tap for cutting an 
internal thread. 

Screw Threadi {Eng.y eta.) The threads of screwR 
vary in two particulars— form or shape, and pitch. 
The form of a thrcacl i.s the shape of its cross section ; 
this is nsually square, rounded, or angular. The 
top and bottom of an angular thread are rounded 
in the case of the usual English type, known 
as the Whitworth Thread; in the American 
Standard Thread they are flattened. These two 
forms of thread are shown in the figures. Fig. 1 
shows the section of the Whitworth Thread ; the 
angle is 55^, and tlie top and bottom are rounded 
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off to one-sixth of the depth. Fig. 2 shows the 
American Standard Thread, the angle being 60®, and 
the top and bottom being flattened. The width of 
the flat in each case is onc-cighth of the pitch of the 
screw. The pitcho.s of Ihn principal thn'acls are as 
follows : 

(1) Whitworth Thuuad^. 


Diameter I No. of tUreiuU 
in inchm. })er inch. 




20 

16 

12 

11 

10 

\) 


(2) Gas TriRKADs. 


Ihanieter in incitfw 


Diameter No. of threodn 
in inciioH. lMt*r Inch. 


1 

H 


8 

7 

6 

r> 


N'o. of thieiitN iiei inch. 


I and I 

\ and I 
1 and uTwvards 


L>M 

10 

14 

11 


(3) American Standard Thread.— The pitch 
follows very closely the Whitworth Thread given 
above. 

(4) British A.ssociation or B. A. Threads.— 
A standard for siiiiill screws used in elofdrical and 
other scientific work. The different sizes arc iiura- 
iiereil as follows : 


Numliei. 

Diameter in 
miHiriietr«H. 

Pit^ih in 
milliiiieties. 

O 

60 

10 

1 

.'>•:{ 

•9 

2 

4-7 

'81 

3 

4-1 

•7.S 

4 

3-64 

•66 

r> 

3-2 

•59 

6 

2-8 

■53 

7 

2-.0 

•48 

H 

2-2 

•43 

9 

M) 

•39 

10 

1-7 



(fi) International Standard Thread.— This is 
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also a millimetre thread, recommended hj an Inter- 
national Congress in 1898 ; 


Diameter in inillimetreH. 


0 and 7 
8 and 9 
10 and 11 
12 

14 and IG 
18 to 22 
24 to 27 
30 to 33 
36 to 89 
42 to 46 


Pitch in niillimotrea. 


1*0 

1-25 

1-6 

1-76 

20 

26 

3-0 

3- 6 
4*0 

4- 6 


Screw Tool A hiide rest tool whohe end 

is formed to correspond to the groove cut in forming 
a screw thread ; it may bo square, V-shaped, etc. 

Screw Wrench {Eng.') A Spanneu with 

jaws whose distance apart can be adju.sted by means 
of a screw, to fit different size<l inits. 


Scribe, Soriber, or Scribing Iron A tool 

having a sharp point or edge, used for marking lines 
on metal or wood. 


Scribed Joint {Carp, and Join.') St’e Scribing. 

Scribing (AVt//., Carp.^ rtc.') (1) Marking lines on 
rnetal, wood, etc., preparatory to cutting the material 
to any required form. (2) Cutting the end of a 
piece of moulding to the profile of another piece, so 
lliattlie. two may fit closely togctlier : c.g. the bars 
of a window sash are generally scribed at their ends, 
where they meet another bar or the frame of the 
sash. The mouldings thus intersect each other 
exactly ; but there is no weakening of one member 
KJUih as would be produced if the joint wei’e mitred. 

Scribing Block {Kng.) A .support cairying a 
scribe, which can bo fixed in various positions. The 
base <»f the support or block is usually an accurately 
[)lane siirfnco which is laid on a Surface Plate 
(y.r.) If the block be moved about on the surface 
plate, the point of the scribe moves parallel to tlu* 
jilalc ; hcnc<! lines can be marked on a piece of work, 
so as to be accurately paralUd to a face of the work 
which rests on the surface plate. 

Scribing Gouge ( ( rp . and Joi n.) A go ugo whic i 
has tiic* bcvciied edgi; on the concave side; a I’ARINO 
(lOUGD. Used by j lincr.s in making a scribed joint. 

Scrim (Otir.) I’hin canvas used for covering bat- 
tenetl walls before ])]ipering. 

Scrinium ( A rchmd . ) A case, gcmTally cylindrical 
in form, used in early times for holding waitings, etc., 
r.g. parciiment rolls. 

Scrip {Arch^Ptd.) A wallet or pouch such as was 
carricil by pilgrims. Used in llenihlry as a charge, 
often in conjunction witli a pilgriin’> staff. 

Script {Tgpog.) The name of a style of type 
i ini tat ing writing. 

Scroll ( Carp, and Join.) The ornamental curved 
end of a handrail. 

(Deo,) An ornament formed by a spiral or 

involute curve. 


Scroll Cbuck (Eng.) A 
Chuck (g.v.) 

Scroll Moulding (Architect.) 
A Gothic moulding character- 
istic of the Decorated period 
and consisting of two half 


Self Centebing 



rounds, the upper one projecting slightly beyond tho' 
lower. 8ee also Roll Moulding. 

Scroll Opener (Toast ile Mannfac,) The appliance 
used for keeping the cloth fully stretched in the 
process of scouring. It consists of a pair of scroll 
rollers and a tensioning frame for keeping the cloth 
in the centre of the main rollers of the scouring 
machine. 

Scrubbers (Oas Mannfac,) See Gas Maku- 

FACTUBK. 

Semtoir (Furniture). A writing desk with a 
liinged flap or door which, when open, forms a table 
for writing upon ; an escritoire. 

Scudding (Leatlior Manufae,) Removal of the 
Scud, a term applied to the impurities, such as fat 
glands, hair roots, pigment ctdls, lime salts, etc. 
This is done in the wet state by working the skins 
over a beam with a blunt knife or a slate while in 
the limed or “ pucred ” state. 

SculU (Met.y etc,) Skins of metal, blag, scale, 
etc., which form on the inside of foundry ladles, and 
remain after the fluid metal is poured out. 

SculDBit (Engrav., etc,) This lAitin word, placed 
after the name of an individual on an engraving or 
on a piece of statuary, indicates the engraver and the 
sculptor respectively. Abbreviation, sculp, or sculps. 

Sculptor’s Varnish. See Vabkishes. 

Sculpture, Schools of. The history of sculpture 
can be carried back much farther than that of 
painting, because the permanency of the materials 
ubcd by sculptors bus made possible the preservation 
of many works executed in very remote ages. It 
begins really with t!ie scratched and chipped bones 
which represent the tentative efforts of prehistoric 
man, but its continuous record starts more than 
thirty centuries before the Christian era in that 
cradle of the arts, Egypt. The earliest known 
Egyptian Sculptures "suggest by tbe accuracy of 
their convention, and the technical skill that they 
reveal, a long preparatr>ry period of which no traces 
now remain. The greater merits of the existing 
examples arc the true iiiidcrstandiug of indixiilual 
cliaracter whicli di.stinguishes the works from nature, 
ami the dignified sense of dcv^^ign wliich even tbe 
formalities of tlie stylo chosen do not entirely 
disguise. Contemporaneous with the later Egyptian 
school was that of Assyria, which produced the 
great winged bulls, the exquisite bas-reliefs of 
minting scenes and other incidents in tlie life of the 
jieriod, and the represemtations of kings and digni- 
taries, which are all justly reckoned among the most 
memorable instances of tlie art of sculpture that the 
world has seen. We have in tbe British Museum 
several of the best of these carvings, and there are 
others of much importance in the Louvre. The next 
development was that of the Greek Sciiooi.. This 
began in a primitive fashion as early as B.C., 
and its archaic stage lusted for nearly five hundred 
years. Then came a brief transitional period, which 
was followed immediately by what is known as the 
Great Age of Greek sculpture. The chief aitist of 
the transition was Myron, a copy of whose “ Throwing 
Discobolus ” is to be seen at Rome with other copies 
of his works. The first, and perhaps the greatest, of 
the sculptors of tlic Great Ago was Thidias, a younger 
contemporary of Myron. He is thought to have been 
born aliout ±8U B.C., and is known to have completed 
his great gold and ivory statue of Athene for the 
Tarthenon in 4.i», Tbe exquisite sculptures from 
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the Parthenon, which are preserved in the British 
Mosenm, are also thought to have been inspired and 
eapervised by Phidias ; some of them may have been 
actually executed by him, but the bulk were probably 
carried out by his pupils. Among the contemporaries 
of Phidias were Polyclitus of Argos, copies of whose 
works exist at Naples and Berlin. Early in the 
fourth century B.c. flourished Bcopas, and Praxiteles, 
one of the greatest of the Greek sculptors, who exe- 
cuted the often n^entioned Aphrodite of Cnidus,” 
the superb *' Hermes ” at Olympia, and probably the 
Leaning Batyr ” at Home. To Bcopas is assigned, 
but on questionable authority, the group of Niobc 
and her Children,” of which copies are preserved at 
Florence. The last sculptor of the Great Age was 
Lysippus of Sicyun, who is supposed to have been 
the author of the Apoxyomeuos ” in the Vatican. 
Then succeeded a period of less distinction, during 
which both the taste and the power of the Greek 
sculptors degenerated. To the commencement of it 
belong two of the chief treasures of the Louvre, 
the Victory of Samotl trace ” and the “ Aphrodite of 
Melos” ; but as it went on, affectations and a desire 
for sensation — illustrated in such works as the 
^‘Apollo Belvedere” and the “ Laocodn ” — crept in 
and dc.««troyed the purity of the classic style. Among 
the Homans the art of sculpture had no real vitality. 
Hardly any original works were produced, and the 
sculptors, who were usually Greeks and often slaves, 
occupied themselves chiefly with imitations or copies 
of the earlier Greek masterpieces. The early Chris- 
tians, too, though they to some extent encouraged 
painting, disregarded sculpture almost entirely. The 
first steps towards the foundation of a new school 
were taken early in the thirteenth cemuiy of the 
Christian era, when Nicola Pisano created a tradition 
which, though it was akin to the antique in its 
respect for beauty, was essentially inspired by the 
spirit of the times. This tradition was carried 
further by his son (ilovauni, and after him it was 
•developed by a succession of great craftsmen into a 
guiding principle which determined the whole direc- 
tion of Italian Sculptubb. Towards the end of 
the fourteenth century appeared Ghiberti, who exe- 
cuted the great gates of the Baptistery at Florence, 
and Donatello, a sculptor of exquisite skill and 
reflnement. Ibcn came Luca Della Hobbia, born in 
1400, the head of a family which became famou.s by 
the beauty of the work which they accomplished in 
coloured and glazed terracotta; and lastly came, 
in 1474, Michael Angelo Buonarroti, the greatest of 
all the Italian sculptors, and the man in whom the 
movement which had betm in progress for more than 
two centuries finally culminated. He may fairly be 
called the Phidias of the Henaissanoe ; but, unlike 
the Greek master, he hml no sncces.sors of anything 
like the same rank. In 1504 he finished his colossal 
statue of David at Florence, and in the following year 
he commenced the monument of Julius II., which 
was never finished. In 1524 he began the Medici 
tombs for the sacristy of Ban Lorenzo at Florence*, 
which were completed nearly ten years later. These 
are perhaps his greatest works. While Michael 
Angelo was working there was growing up in France 
a school of much importance. The first man of note 
in it was Michel Columbe, who was born about 14 JO; 
blit he was surpassed by his sixteenth century suc- 
cessors, Jean Goujon and (xermain Pilon, the former 
of whom executed the “ Diane Chasseresse,” now in 
the Louvre, ami the latter tiie group of the “ Three 
Graces.” With them began a long list ot able 
sculptors, which includes many famous names — loi 


instance, C. M. Clodion (17:48 — 1814), J. A. Houdon 
(1741—1828), J. Pradier (1792—1862), P. J. David 
(1789—1856), F. Bude (1784—1866), and A. L. Barye 
(1796—1875); and modems like J. B. Carpeauz, £. 
Fr6miet, A. N. Cain, H. M. Chapu, J. A. Falra^e, 
Mercia, Jules Dalou, and Auguste Rodin. By the 
efforts of artists such as these the French school of 
sculpture has been given in the history of the art a 
place of very great distinction. In England the 
native school may be said to have begun with John 
Flaxman (1755 — 1826), a contemporary of the Italian 
Fanova (1757 — 1822), and the Dane Tborwaldsen 
(1770 — 1844), and, like them, a follower of the 
classic tradition. After him came Chantrey (1782 — 
1841), Westmacott (1775—1856), John Gibson (1780— 
1866), and M. C. Wyatt (1778—1862), and others of 
crmsidcrable ability. The greatest development of 
English sculpture has come, however, during recent 
years. It promises to attain in the future a position 
of much more prominence than it has reached in the 
past. In Germany also and Belgium there are 
recent schools, which arc growing in importance ; 
and there aie some sculptors of ability in Hussia 
and America. — A. L. B. 

Boumbling (Art). (1) Softening the colours of an 
oil painting by blending with a neutnil tint which is 
applied comparatively dry by means of a brush or 
the finger. (2) Softening the outlines of a drawing 
by rubbing with the stump or the blunt end of the 
chalk. 

Scum Cock (Eiig.) A tap or cock in a boiler used 
for draw'ing off the floating scum from the surface of 
the water. 

Scutcheon (TL^r.) See Escutcheon. 

Scutching (Cotton Manufao.) A farther process of 
opening (q.v.) and cleaning. The cotton in this case 
iM fed in a uniformly rolled lap form, three or four 
being run together. See aho Cotton Manufagtube. 

(Lhwn Manufac.) After t!io flax has been 

.'^teeped or retted and grassed, tho bone or woody 
portion of the stem is cleared away from the 
fibre. Tho proce.‘'S, called scutching, consists of 
placing the flax in liamifuls over an upright slab, 
.ind beating the ends of it with a blade till all the 
bone is cleared away. This is usually done in mills 
by means of revolving blades driven by water power. 

Scutum (Arm.) A large oblong shield used by 
the Homans. Jl was constructed of some light 
material, covered with hide, and curved so ns to fit 
close to the body. 

Sdegno, Ck>n (Mudo). With scorn. 

Se (Ckem,) The symbol fur Selenium (^.t’.) 

Sea Beach (Cfeol.) Strictly speaking, a sea beach 
is a deposit of sand and shingle piled upon the shore 
iJatform by tho action of tho waves; but the term 
is often applied to the rock-shelf gradually hewn 
l>etween tide marks by the prolonged mechanical 
action of the waves. 

Sea Breeze (MeivoroL) See Land and Sea 

BBEEZE.S. 

Sea Cock (^ng.) A tap or cock in a tube leading 
from the seA water into the condenser of a marine 
engine. 

Sea, Erozion (Qeol.) Tlie mechanical erosion 
effected by the sea usually takes place between tide 
jnarks, and in the majority of case.s this action 
mainly consists in the gradual reduction in size and 
the ultimate removal of rock material detached by 
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weathering: from the cliffs above hieh watermark. Bat 
a certain amount of erosion is directly effected by 
the waves, especially on coasts liable to heavy seas. 
Most of this is accomplished at a very slow rate if 
the riXiks affected are of a durable kind; and the 
wasting is carried out chiefly by the gradual enlarge- 
ment of chinks, joints, fissures of any kind, or any 
zones of weakness in the rocks lying within reach 
of the waves. These weak places are gradually 
widened, the rocks are tunnelled into sea caverns, 
their roofs in time are blown off during some 
exceptionally violent gale, the sides of the whilom 
caverns in time are worn into sea stacks, these into 
skerries (only visible at low tide), and these skerries 
eventually into a shore platform, which is levelled 
off to the same elevation for great distances along 
the coast line. Chemical action also takes an im- 
portant share in the work. For example, a basalt, 
ci>ntainirig, as it does, a ferromagnesian silicate and 
a lime soda felspar, will decompose on the land in 
such a manner that the felspar goes first and the 
feiTomagncsian silicate last; but whore the same 
rock is exposed to the chemical action of sea water 
the order of de(:omfx>sltion is reversed and the 
felspar may r€*main apparently unchanged after the 
rest of the rock has disappeared. It is now lielieved, 
with good reason, that the more energetic (but 
irr<'galar) action ot marine erosion is less effective in 
the long run tlian the quieter (but continuous) 
action of subaerial denudation. 

Seal* (1) A piece of meta] or stone (sometimes a 
gem) with a design or device engraved upon it ; used 
for making an impression on some suitable substance 
such as wax. (2) The impression so obtained. Cf, 
SiJABAB. 

(i^<^.) Tlie slight projection of the edge of 

a steam valve over the edge of a part which it covers. 
I'his makes a steam-tight joint. 

(^Phimh,') TJie fluid which fills the trap or 

bend of a drainage jjipe and so prevents the upward 
passage of gases ; also termed a Watur 8f.al. 
Water can flow downwards, but gasc^s cannot rise 
past the bend unless the pressure exceed a certain 
value. See Siphon Trap. 

Sealing. In general, closing up, making a joint, 
or securing by the atiacbmeiit of some sub.stancc 
whi(di must be broken before the sealed joint can be 
opened. (JJass apparatus is scaled by fusing together 
the edges of an opening or tube. A meter or register- 
iitg apparatus is "scaled” by the attachment of a 
leaden seal, impressed with some device, to any 
convenient place, in such a manner that access to 
the interior cannot be obtained without breaking 
the seal or cutting wires which pass through it. 

8eam(A7i^.) A long joint between two plates 
or in a pipe made by bending a plate. 'J'he term is 
usually (but not always) restricted to welded or 
brazed joints, as distinguished from those which are 
ri\eted. 

{Mining A bed or layer of coal ; occasion- 
ally the term is applied to a stratum of some 
other rock. 

Beamless Tubes. Solid Drawn Turks {q.v,) 

Beam Set The tool used for closing up 

the seams in a tube formed from sheet metal. 

Searohlight* A powerful arc lamp, provided 
with optical means whereby its rays can be concen- 
trated in a narrow beam, and with mechanical devices 
for directing this beam in any required direction. 


Searing iPatiem Smoothing the sarfaoe 

of a roughly made pattern by means of a hot iton ; 
this process also serves to render the surlace less 
liable to absorb moisture from the sand. 

Sea Band {Foundry). This is suitable for making 
cores {q,v.), but requires the admixture of a small 
amount of clay in order to make it bind or adhere. 

Seascape (Arf). A picture representing a marine 
view. 

Seasoning {Loather Mauvfete.') In the lanyard 
this means bringing the leather to a proper state of 
moisture (damping or drying) previous to rolling. In 
the dyeing and finishing of light leather, skins, after 
dyeing and before glazing, are coated with a season- 
ing liquid, consisting in most cases of albumen in 
some form, either vegetable or animal, mixed with 
various dilutants. 

{Timber). Drying out the sap from timber 

before use ; it is effected either naturally by exposure 
to the air, or by moans of hot air (artificial season- 
ing). In the latter method a great part of the sap 
may be removed by soaking the timber in water 
previous to the artificial drying. 

Seasons (Ajstrv7i.) The divisions of the year, 
determhied by the position of the earth in regard to 
the sun. The earth in its orbital motion round the 
son keeps its axis nearly parallel to itself ; the 
poles of the earth vary in their presentation to 
the sun, hence the different conditions of spring, 
sninmer, autumn, and winter. 

Seat or Seating {F^ig.) (l) A base plate in 

general. (2) The structure on which the movable 
jart of a valve rests. 

Seat Earth ( (reol.) Another name for Fireclay. 

Beat Lug {( Cycles). Tbe lug {oee Cycles) through 
which the seat pillar passes. 

Sea Wall {Civil F^ig.) An upright or, more 
commonly, sloping wall of masonry, concrete, etc., 
intended to protect the land from erosion or innn- 
liation. 

Sea Water. Sea water contains about 3*5 per 
cent, of dissolved salts, of which about 2*7 jier cent, 
consists of common salt. A fairly typical analysis 
of sea water gives : 


Rodium chloride 

. 2*64 per cent. 

Potassium chloride . 

*0i ,, ,, 

Magnesium chloride 

. '31 „ „ 

Magnesium sulphate 

. *21 „ 

Calcium sulphate 

. . 13 „ 


In addition to these substances, there may be small 
amounts of iodine and of various other mineral salts. 
The specific gravity is usually between 1*024 and 
1*027. Kea water is used in marine boilers, duo i^re- 
cautions being taken to prevent too large an uccumu- 
liition of salt. 

Seo {Muiie). Sharp, cnsi>; often placed over 
certain notes. 

y Secant. See Tbiqonometrical Katios. 

Becoo {Music). Plain, uiiadorrcd. See BeciTA- 
TIVM. 

Secohm {Elect.) The term formerly applied to 
the Henry or unit of inductance. 

Beoohmmeter {Elect.') An apparatus fur measur- 
ing self-induction and mutual induction. 

Second* See Weights and Measures. 
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Second (Music), • Tb.e interval contained between 
two notes next to eacb other in alphabetical Older, 
as C to D, ID to D See J17TBBVALS, 

Becondariee to a Circle. See Sphere. 

Secondary Alcohol (^Chem.) See Alcohol. 

Secondary Alcohols (Cheoi.) Alcohols of the 
formula 

where B and B, are radicals joined by carbon to the 
carbon of the CHOH group, and may be the same or 
different Examples : 

CH, 

^ CHOH, Isopropyl alcohol. 

ClI, 

CH, 

riTTr\TT Melhvlethyl carbinol. 

>L11UU, (2-Butanol) 

Cgll- 

The secondary alcohol group occurs in many important 

enroll 

comi>ounds ; for example, in gl3''cerine, ( -HOH ; in 

CH,OH 


lactic acid, CllOIT ; in the sugars, in morphia, etc. 

I 

coon 

Tliey may be prepared (1) from primary alcohols. 
See Vropyl Alcohols. (2^ By reduction of 
ketones. See Ketones. (3) From aldehydes by tin* 
action of zinc alkyLs or magnesium alkyl iodides : £?.//. 
with acetaldehyde and zinc methyl addition take'* 
place— 

0113 

+ Zn(C’n,),- I-. 

"■'-11 Xn ’ 

The coniptMind &o fermed is decomposed by watc; — 
til, ('H 3 

I OZnCH^ HOIi — ‘ 

— ri] + ittui - ( (iji 

J 1 \li^ 

+ ZiiO + OH,. 

(1) From formic esters the zinc alkyls, using two 
molecular proportions of the latter. This is a par- 
ticular case of melhod (:’»), for formic esters contain 
the aldehyde group — 

II ' Tl 




OZuOH., 


The addition product is the same a.s in (3), The 
reactions of secondary alcohol.s with sodium, chlorides 
of phosphorus, acids, are in general like those of 
primary alcohols. On oxidisation they yield ketones 
(^,v.) ; thus isopropyl .ait<>b<>i gives acetone and 
k-ctio noid gives pyruvic ac^i (q.v.) For a method 
of distinguishing secondary from primary and tertiary 
plcohols see Nitroso-Compocnds. 


1 ^ 

Secondary Bases {Ckcm,) Comxiouuds of the 

‘ formula ^NH, where B and R, arc radicals, 

which may bo the same or different, attached to the 
j nitrogen by carbon. For illnstrations sec the fol- 
I lowing compounds ; Dibthtlamine, Fipbridinb, 

I CONINK. 

Beoondajry Bows (Meteorol.) See Batnbows. 

Secondary Cell or Battery (JSleet.) See Acetr- 

MULATORS. 

Secondary Hydrocarbons (Ckem.) A hydro- 
carbon containing at least one carbon atom united 
I to three other carbon atoms, e.ff. Isobutane — 

i 

See Paraffins. * 

Secondary Rocks Usually understood to 

be the strata wdiich ip Rurox>e were formed while 
Ammonites lived in the seas, and while the dominant 
forms of vertebrate life were reptiles of various > 
kinds. The strata thus include all rocks of later 
date than fhc uppermost Carboniferous rocks on the 
one liand and the base of the oldest Eocene focks on 
the other. iSee Strata, Table of. 

Second Cut File (ArV/y.) A file with teeth next 
in order of coarseness to a Smooth Cut file (q.v.) 

Secondo (Mvsie). Second, as the second per- 
former in a duel ; the lower or bass i»art of a ain't 
for one pianoforte. Sec^nda, 2ma or 2nd time, is 
often placed after a repeat to .show that ccrBiia bars 
are to l*e substituted for those marked j^rima before 
the r4‘j)eat. See Pkimo. 

Second Tap (A’wy.; St^e Tap. 

Secret Dovetail (Corp. and Join.) A joint con- 
structed so that the dovetails arc hidden by a mitre. 
Se Dovetail. 

Secret Fixing {Carp, aiul Joifi.) The methods of 
fixing joinery ho tiial the. fixings i^annot be seen. 

Secret Nailing (Carp, and Kailing together 

the parts of a piece of wo:k in such a. way that the 
heads of the nails do not lie in tlie visible surface of 
the finished o))j*;ct. Th it- flooring composed of narrov7 
strifKs or blocks may be fixed down by nails driven 
. obliquely through the edge (or vertical side) of one 
block, before the next block is laid in place. 

Sectile (Min.) Capable of being cut by a knife, 
l)ut nf)t malleable ; r.y. Stcatit.e. 

Section. (1) A cut across an object, the direction 
of tiio cut being stated, e.ff. Cross, ITorizontal, or 
Vertical Section. (2) A drawing of such a cut sur- 
face. (3) A distinct portion of a structure. 

( Typoq. and IJirid.) (1) A distinct portion of 

a book; a sheot. (J. SuLVATURB. (2) A sub- 
division of a chapter; hence the reference sign § 

I used to denote such a divi.sion. Si‘e Notes. 

Sectional Area. The area of a section, especially 
! of the cro.ss section of an object. 

Sectional Colours. Certain con\cntional colours 
are used in diawings to represent different materials, 
e.y. grey for cast iron, yellow for bra.ss, etc. 

Sectional Plan. A drawing showing the appear- 
ance which an object would present if it were cut 
through by a horizontal plane. 

Sector. (1) The part of a circle lying between 
two radii and the portion of the ciroumference con- 
necting them. The term is also applied to a similar 
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tif^ure derhrod from other cuires. (2) A fdrm of 
divided scale used by draughtsmen. (3) An instru- 
ment for the measurement of angles. See Zenith 
BECTon. 

Seottlar Changes (Asfron., Oeol.^ etc,) Changes 
^hlch occur progressively throughout ages of time — 
in a vastly extended though indefinite period; 
e,g. 'movements of the earth’s crust, or the gradual 
alterations in the value of the magnetic elements. 

gedan Chair. See pHAiR, Sedan. 

BediljLa {^Archifeet^ The scats, usually three, 
which hre frequently formed in the south wall of 
the chancel of churches and cathedrals. The singular 
of Bedilia, Sedile, is seddom used. 

Sedlmentjpy Rocks (^(Heol.) Strata deposited 
outside of tTO earth's crust directly or indirectly by 
the action of water, or of currents of air, or of ice. 
Hocks formed by volcanic action, properly so-called, 
are usually stratified, but they are excluded by the 
definition just given. 

Seebeck Effect (Meet.) Thermo-electric phe- 
nomena (q.v.) 

Seeding (Chem. Tech.) The separation of stearic 
and palmitic acids from liquid oleic acid by ct 3 >- 
tallisiition in the manufacture of stearine. The fattj 
acids from the decompo.sed “rock” (q.v.) are run 
into shallow cooling pans arranged in stacks. The 
resultant slabs of granular .%olid acids and liquid 
oleic acid are known as Separation Cake. 

Seggar (Pot,) A round, oval, or square box of 
burnt linaday, varying iu depth, in which clay wares 
arc placed for the bisque oven, and bisque wares 
for the glost oven. In the latter cu.se the seggars 
are glares!. 

Beggar Clay (Oeol.) Another name for Fire- 
clay, 

Segment. The part of a circle enclosed by an arc 
and a chord. 

Segno Tire sign See Ah sugso and 

Dal segno. 

Segregation Yeins (Gaol.) When an eruptive 
rock is (jooling it necessarily contracts, and hence 
there is a tendency to the formation of fissures as 
tlie rock adapts itself to the space available. Some 
of the materials which consolidate later gradually ooze 
into these fissures, and eventuallj’^ crystallise there. 
In an eruptive rock these segregation veins or Aplites, 
as they are now called, are always more acid in 
chemical compasition than tlieir enclosing rock. 

Segue; Beguendo (Mmic). Follows: following. 
Segve is placed after one movement to indicate that 
the next follows on. Attacea is now used for the 
same purpose. 

Seismograph. An instrument for recording (on a 
sheet of paper, smoked surface, etc.) the movements 
of the crust of the earth during an earthquake. The 
term is also applied to the traced or written record 
itself. 

Seising (Png.) The fixing or jamming of a bear- 
ing iB^hich sometimes occurs when it becomes hot 
tfirough insufficient lubrication. 

Beisure (Png.) Bearings, etc. See Seizing . 

Bekos (Arehitect.) The sanctuary in an ancient 
Eg 3 'ptian temple. 

Sel^te (Geol.) A name applied to the clear 
varieties of Gvpbum (q.v.) Stdenite occurs under 


geological conditions somewhat different from l^othstaJl 
gypsum. It is quite commonly developed-^ withim 
clays, e.g, the Xjondon Clay or the Oxford Clayf^ 
probably as a result of the decomposition of pyrites^ 
and the recombination of the sulphuric acid thu0! 
formed with solution of carbonate of lime. But w 
selenite occurs in the chalk, though x>yrites abounds^ 
in some parts of it. 

Selenite (Min.) The transparent variety of Gvp- 
SFM (q.r.) 

Selenium (G/iem.) Be. Atomic weight, 79*2. (Also 
called Belenion.) A rare element closely resembling 
sulphur in itei chemical behaviour, and belon^ug 
to the same group in the Periodic system. It is a 
solid having several allotrojac forms. Amorphous 
BKiiBNlUM is a red powder obtained by reduotion,of 
selenious acid by sulphurous acid, stannous chloride, 
and other reducing agents ; also by allowing a solu- 
tion of selenium hydride to stand exposed to air. It 
is slightl}’' soluble in carbon disulphide and benzene, 
and when allow’ed te stand under these solvcmls 
exposed to light it passes into the red crystalline 
form. Another amorijhous form, known as vitreous 
selenium, is produced when melted selenium is 
rapidly Cooled. Cryst ALLINK FORMS : A dark grey 
crj’stallirie form with metallic lustre is obtained 
from either of the two preceding varieties by 
gradually heating them ; at about 100® they pass 
' into this form with evolution of heat, the tempera- 
ture rising to 217®, which is the melting point 
of this variety. This variety is insoluble. The 
red <Tyhtalline form is obtained as above, and 
crystallises in two distinct forms— it changes on heat- 
ing to tht' dark grey form. COLLOIDAL SELENIUM : 
Formed on reduciion of very dilute solutions of 
selenious acid by sulphur dioxide or hydrazine 
hydrate ; on dhilyshig the liquid a red solution 
showing blue fluorescence by reflected light is 
obtained ; the solution may be boiled without change, 
but electrolytes prccipitele red gelatinous selenium, 
which becomes black on heating. Selenium bruls at 
6S0® ; below about 950® it contains complex molecules, 
probably Se^; but at 950° and over the molecule,a 
consist of Se.,. In the vacuum of the kathode ligiit 
it boils at 310® under the pressure of a (JO mm. column 
of its own vap<mr. Selenium is a bad conductor 
of electricity, but its resistance diminishes on ex- 
posure to light, the grey crystalline form being most 
sensitive ; various physical applications have been 
made of this property. Bclenium burns with a bluo 
flame when heated in air forming the dioxide; in 
general its chemical behaviour resembles that of 
sulphur. Selenium occurs widely distributed, but 
alw^ays in small quantity; its two cliief sources are 
the flue dust which is deposited in roasting sulphides 
such as selenium containing copper pyrites, and a 
deposit in the leaden chambers of the sulphuric acid 
! manufacture when certain kindvS of pyrites are 
burned. To obtain it from the latter, the deposit 
is washed and boiled with a concentrated solution of 
sodium sulphite. To the flltered liquid hydrochlorio 
acid is addc>d, which precipitates the selenium ; the 
process is repeated till the selenium is pure. 
Compounds: fiolenium hydride, H^Se (Beleniuretted 
hydrogen) is a colourless gas ; boils at —>10® ; smells 
like sulphuretted hydrogen at first, but has much 
more severe aftei -effects, irritating the mucous 
membrane and temporarily destroying the sense of 
smell ; it is about as soluble in water as sulphuretted 
hydrogen, and like it gives precipitates with metals— 
selenides ; decomposed by light. The gas is prepared 

42 
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in a similar mauucr to sulphuretted hydrogen, 
namely, by beating the element in hydrogen ; decom- 
posing ferrous selenide with dilute hydrochloric 
acid ; decomposing aluminium selenide with water, 
iii^eleuious oxide, forms white needles, which 

sublime without melting, and dissolve in water, 
forming selenious acid. It is prepared by burning 
selenium in dry oxygen, or by the action of nitric 
acid on selenium, and repeated evaporation of the 
solution with water to obtain selenious acid, which 
gives the dioxide when heated in oxygen. Selenious 
acid,H,8eOj,cr}’Stallisos in white prisms ; when heated 
gives selenious oxide and water; soluble in water; 
the solution is easily reduced to the element (see 
above ) ; oxidising agents convert it into sclenic acid ; 
forms both normal and acid sclcnites. The acid and 
its salts are poisons. Selenious acid is obtained as 
described under the oxide. Selenic acid, H^SeO^, 
crystallises in white prisms ; melts at 68° ; mixes 
with water with evolution of much heat ; the solution 
behaves like sulphuric acid in most respects; the 
concentrated acid chars many organic substances 
when heated with them, while the dilute acid dissolves 
metals in an analogous manner to dilute sulphuric 
acid- Very concentrated selenic acid dissolves 
gold leaf, forming the. dioxide and auric selenate, 
Au 2 (lSeO^)y Heated with hydrochloric acid, selenious 
acid is formed with evolution of chlorine. The 
sclenates resemble the sulphates except that they are 
decomposed by hydrochloric acid like selenic acid 
itself. Selenic acid is obtained by oxidising a solu- 
tion of selenious acid with chlorine; or selenious 
acid is precipitated with silver nitrate, the precipitate 
washed, and oxidised with bromine and water ; the 
solution of selenic acid is evaporated as far as 
possible on the water bath, then distilled in a vacuum 
till nothing mtjre comes over at isO''. Selenium 
forms many organic compounds; special interest 
attaches to one of these, in which a .sideuium atom 
is united to four different monovalent grou})s, as it 
can be resolved into optically active components. 
Benzene sulphonic chloride and benzene react in 
presence of aluminium chloride to form diphenyl 
sulpbone, which yields diphenyl diselenide when 
heated with suflBcient selenium ; the .selenide yield.s 
methylphenyl selenide with sodium and methyl 
iodide; this compound combines with bromacetic 
acid to form phenylraethylselenetine bromide — 




(C6H,),S0, 


8c 

cn, - 


C.HjSc . BeC.Hg 

CIJ,] 

CRfOOli 
Br 


8e 


C-H.SeCH, 

CH^tCOOII 

When this compound is precipitated with silver 
ef-bromcampborsuiphonatc, a product is obtained 
which can be separated by fractional crystallisation 
into dextro- and lajvorolatory c:ompoanrls. 

Selenium (Min,} This element occurs native in 
cavities in the lavas of Ve^uvius. It is of a dark 
brown or grey colour by reflected light, but red in 
thin piece.s by transmitted light. Tlie element also 
occurs in combination with sulphur and tellurium, 
and as selenide in several rare minerals. There is 
also one mineral which is a selenite, Cbalcomenitc. 

Belenograph (Asfron.) A picture of the surface 
of t he moon, or some portion of it. 

Selenoj^phy (Astron.} The study of the geo- 
graphy of the moou. 


Self Acting Lathe (J^ng.) Tins term is usually 
applied to a lathe in which both longitudinal and 
transverse motions can be given to the slide rest by 


means of a shaft fixed along the back of the bed. 
This longitudinal motion or feed is entirely inde- 
pendent of that used in screw cutting. The term 
**Belf acting” is, however, often applied to lathes 
which Jtave the screw cutting mechanism only. 

Self Centering Chuck (Eng,) A chuck with three 
(rarely two or four) jaws, which can be moved 
simultaneously in a radial direction adross the face 
of the chuck, always remaining equidistCnt from the 
centre. A cylindrical object h^d in these jaws will 
always have its axis coincident with the axis of the 
chuck. The jaws are caused to move by some form 
of gearing, or by a spiral groove or scroll cut in a 
circular plate, each jaw having a projection which 
fits into the groove. 

Self Delivery (foundry). The formation of 
hollow jiarts of a casting without the Use of cores, 
the actual hollow being formed on the pattern itself. 
The sand of the mould fills this hollow, and the 
necessity for a separately prepared core is 

obviated. Self delivciy is onlv possible in a limited 
number of cases. 

Self Exciting Dynamo (Elect, Eng,) A dynamo 
whose field magnets are excited by current produced 
by the machine itself, as distinguished from a 
Separately Excited Machine (q.v,) 

Self Fluxing Ores (Met.) Applied to certain iron 
ores containing calcareous matter which serves as 
a Flux (qjc.\ so that the addition of lime to the 
furnace cliargc is not necessary. 

Self Induction (EWt.) See Induction, Self. 

Sellers* Screw Threads (Eng.) The American 
standard form of V-thread, having an angle of 60° ; 
used in America instead of the Whitwortli pattern. 
See Screw Threads. 

Seltzer Water (Chem.) See Water. 

Selvedge or Listing (Textile Mannfae,,) The list 
or side threads of a fabric, usually composed of 
stronger threads than the main portion, so as to bear 
the increased friction and strain in tlie reed during 
the operation of weaving, and otherwise protect the 
real cloth. See also Ljzier. 

Semaphore. A signal having a hinged lever arm, 
such as is u^ed on railways and in the Kavy, See 
under lUiLVVAVB. 


Seme or Powdered (Her.) A shield i.s described 
as seme when covered with small charges scattered 
all over the surface. France ancient is shnh of Fleur 
dc hjs. 

Semi-Beam or Semi-Girder (Eng.) A term some- 
times applied to a CANTILEVER (q.v.) 

Semibreve (Music), The name given to the 
.standard note of measurement in modern music and 
to its equivalent rest. See Notes and Uestb. 

/'NH.NH, 

\nh, 

(Aminourea). White prisms ; melts at 96° ; soluble 
in water, benzene, chloroform. Decomposes on keep- 
ing into hydrazine and hyurazodicarbonamide ; it 
<lecomposes in the same way on heating. 

. N n . CO . NUg= H,N . CO . Nfl .NH . CONIlj-H HaN . NH, 
With nitrous acid it gives azoimidocarbonamide : 
jHjNCONH.NHa-l- ON.OH = HaN.CO.NH.NiNOH + H,0 ^ 

I HaNOONUN ; NOH « UjN . CO . + HjO j 


Bemicarbazide (Chem,) CO< 


It is a very useful reagent for aldehydes and ketones, 
especially when these do not form well crystallised 
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oximes or hjdrazones. To use it for this parpose the 
hyxirochloiide is employed (occasionally tne sulphate 
must be used as with iononc) ; this salt is dissolved 
in a little water and its equivalent of an alcoholic 
solution of potassium acetate added ; then the 
aldehyde or ketone added and more alcohol to com- 
plete the solution. The mixture is warmed, if 
necessary {e,g, with sugars and quinones) ; the 
time required varies from a few minutes to days. 
The products from aldehydes are called semioab- 
BAZiDBS, those from ketones sbuicarbazoneb. 
Semicarbazide is prepared by heating molecular pro- j 
portions of urea and hydrazine hydrate in a tube at i 
100® for 20 hours ; the contents are washed out with 
water and evaporated as far as possible on a water- : 
bath ; the viscous liquid so obtained crystallises on \ 
standing in a desiccator over sulphuric acid; the ; 
crystals are pressed on a porous plate and recrystal- ' 
lised from absolute alcohol. The hydrochloride is : 
prepared by neutralising a solution of 13 grams of ■ 
hydrazine sulphate in 1 00 cc. water with 5 *6 grama dry . 
sodium carlx)iiate ; when cool 8*8 grams of i)otas8ium ’ 
cyanate are added and left 12 hours. The liquid is ' 
acidified with sulphuric acid and filtered from hydra- | 
zidodicarl)onamide ; the filtrate is shaken with 
benzaldehyde, when a preeijatate of benzalscmi- 
carbazidc is obtained; this is filtered and washed 
with ether; then decomposed by cautions warming 
on the water-bath wit,h concentrated hydrochloric 
acid (20 grams require 40 grams acid), and water 
added till all just dissolves, ^hc warm liquid is 
shaken with lienzene to remove benzaldehyde. The 
aqueous solution deposits the hydrochloride on coolinir 
in small needles which form beautiful prisms when 
recrystallised from dilute alcohol ; from the mother 
liquor more <^an be obtained by precipitation -with 
benzaldehyde, etc. It can also be obtained by the 
electrolytic reduction of nilruurea in ammonium 
clilorido solution, using wrought iron electrodes 
(70 sq. cm. of each immersed) and a curient of 2 
amperes for 20 hours ; the cell stands in cold water. 
The product is precipitated with lumzaldcb^’de, etc. 
The sulphate is made by decomposing acetone semi- 
•carbazonc in alcoholic solution with the calculated 
quantity of sulphuric acid, when it separates out and 
is washed with alcohol. 

SemidemiBomiquaver The name given 

to the note which is one sixty-fourth part of a semi- 
breve, and to its equivalent rest. Also called a 
hcmKlemisemiquaver, i.c. a balf-half-half -quaver. 
JSec Notes and Kests. 


hydrazo-compound occurs, a little aniline and 
amidophenetole are formed; but the two priilCiiial 
products of the reaction are 

OC^H, 

O-nh-Q ^ 

NHj 

)0CA 

These compounds are called Semidikes : the first 
is an ortbosemidine and the second a parasemidine, 
and the reaction is known as the semidine trans- 
formation. With methylparaethoxyazobcnzene the 
course taken by the semidine transformation 
depends on the position of the methyl group ; when 
the methyl group is in any meta position to the azo 
group the reliction is similar to that which occurs 
when no methyl group is present and ortho-semidines 
are the chief product ; when the methyl group is in 
an ortho position to the azo group parasemidines are 
the chief product. When both para positions and 
one ortho position art^. filled as in paratolueneazo- 
metacrcFictole 

OC^H^ 

fix. 

so that the parasemidine transformation cannot 
occur, then a little ortbosemidine compound is 
formed, but the chief action is reduction to para- 
toluidine and ethoxy orthotoluidine. Now, as the 
ortbosemidine transformation always occurs by the 
replacement of a hydrogen atom in the nucleus 
i containing the ethoxy group, it is inferred that when 
a methyl group occupies an ortho position the space 
occupied by this group is a hindrance to another 
group entering an ortho position, and thus the 
pfirasemidine transformation occins. {See Scholtz’s 
“ Baumerfiilliing der Atomgruppen.”) 

Semi -Permeable Membranes or Partitions 

{Cheni.) Membranes which, when they separate 
two solutions in the same solvent of different osmotic 
l)i'essure, t>ermit of the pa.ssagc of the solvent, but 
not of the passage of the dissolved substance, from 
the solution of less osmotic pressure to that of 
greater osmotic pressure. The best semi-permeable 
membranes are the cell walls of certain vegetable 
and animal cells, such as the cells from the epidermis 
over tlie midrib of tiie violet or under side of the leaf 


8emi*Diameter (^Axtron.) The disbmee from the 
•centre to the circumference. Generally applied to 
the discs of the sun, planets, etc., or orbits. 

Bemidino Transformation (Cfwm.) When azo- 
benzene is Fodiiced it yields hydrazobenzone, and the 
latter, when treated witli an acid, yields benzidine 
(ftee Hydrazobenzeke). Besides the benzidine 
there is formed a smaller quantity of orthoxmra- 
diamidodiphenyl 


0 — 0 ™’ 


In a compound like parnethoxyazobenzene 




where the para position is occupiod, a benzidine 
transformation cannot occur ; reduction to the 


of Tradf'itoaittia discolor, or the exterior cells of the 
spatheof Curcuma ruhieaulis,ot corpuscles. 
The best artificial semi-permeable membrane is 
copper ferrocyanide. Tiie action of the vegetable 
cells must be observed under the microscope. The 
action of the red blotxl corpuscles can be observed in 
a test tube. 0*5 cc. of detibrinated ox blood is put 
in a test tube containing about 20 cc. of a solution of 
potassium nitrate ; if tlie strength of the nitrate is 
1*04 per cent, or over, then on shaking and allowing 
to stand the corpuscles settle to the bottom of the 
tul>c, and the liquid above them is clear and nearly 
colourle.ss ; if the .solution of nitrate is 0*96 per cent, 
c r umler, the clear layer standing over the deposited 
corpuscles shows afaiut re<l colour — waterwith minute 
traces of haemoglobin have escaped tl\rough the walls 
of the corpuscles. The artificial membrane is made 
by thoroughly soaking a porous pot in water, then 
in 3 per cent, solution of copper sulphate ; after 
rinsing with water and drying with filter paper, n 



€60 


BSQ 


3 per cent, salution of potassium ferrocyanide is j 
poured in, and the pot stom in a solution of copper | 
sulphate (3 per cent.) for a day or two ; the latter ' 
process is repeated with the pot closed. To use the , 
cell, a glass tube is sealed into it by sealing wax, 
the apparatus filled with the aqueous solution to be ; 
tested, the glass tube connected to a mercury niano- : 
meter, and the porous pot stood in water. The • 
copper ferrocyanide film deposited in the material of ' 
the porous cell will only Ijold for a few substances, 
such as the sugars and urea ; for most substances , 
it is ufielosR for purposes of measurement. Set' ; 
Osmotic Tbessuee. 

Semi-Popoelain (True). A class of ware coming 
between porcelain and earthenware in its charac- ' 
teristics. It is a “soft paste,” more resonant than 
earthenware, absolutely non-absorbent, but only 
slightly triinslncent c\cn when made very tliiii. 
^lauy so-called “ semi-porcelains” .are only “ earthen- 
wares.” Si'e Pottery and Porcelain. 

Semiquayer QMusie). The name given to the note 
wliich is one-sixteenth jiart of a semibreve, and to 
its equivalent rest. See Notes attfi Kests. 

Semitone {MuHo'). C)nc-half of a tone. The semi- 
tone is the smallest interval recognised in practical , 
music, and is that contained by two iu»tes of the 
pianoforte next to each other, as from C to the black . 
note next above, or from (J to the white note next 
below it. Semitones are of two kinds : (1) Diatonic, 
when the notes are next to each other alphabetically, 
as E F, G A^, he. when they arc both contained in one 
diatonic scale. (2) Chromatic, when the notes arc . 
the same alphabetically, but altered bv J{, S> fl* ' 
F FJ, Gi, G5- Sets Intervals and Scales. 

Bemplioe Simple. Semj^li cemented simply. 

Sempre (Mugiv). Always, as semjire legal a ^ 
always (continued) .smootlily and connected. 

Senarmontite {Min.') A rare form (jf oxide of 
aiitiinon}'', ShgO,; cubic, in octahedrons; al.^o in . 
capillary masses. Colourless or grey. From Algeria 
and Hungary. Cf. Valkntimte. i 

Sendai {Archaiol.') A silken material of light 
texture, formerly usetl for banners and for dress. , 

) 

Sender {Elect.^ The instrument employed in j 
transmitting a telegraphic message. ! 

Seneca Oil. A synonym for Petroleum C/.r.) i 

Senega Root {Botany'). The dried root of Poly- 
gala tienega (order, Pohjyalaoea}) is used in nuidicitie. 
it is imported from the United States. 

Senna {Botany'). Casaia aeuti/olia yields Alex- 
andrian Senna ; C. ohovata yields Italian Senna ; 
and C. a/ngnxtifolia the East Indian variety (order, 
Legumitufsoi), The drug, which is used as a laxative, 
consists of the dried leafiets. 

Sensibile {Mime). Expressive. 

Sensibility of a Galvanometer {Elect.) This 
term is used in various «en.ses : e.g. (1) The deflection 
produced by a given current ; (2) The current, or the 
reciprocal of the current, required to produce a given 
deflection. 

Sensible Heat. Heat which can be perceived by 
the senses, owing to a change in temperature, as 
distinguished from Latent Heat {q.v), which 
produces change in state without change of tem- 
perature. 


Sensitive Flame {Sound). See Flame, SEiNaiTivB. 

Sentimentale; Bentimento, Con {Music). With 
feeling. 

Bensa (Music). Without ; as Benza Repetitions, 
without repeats. See also Sordini. 

Separately Excited Dynamo {Elect. Eng.) A 
dynamo whose field magnets arc excited by current 
supplied from a separate source, e.g. another dynamo. 
See also Dynamos. 

Separation Cake {Chcvi. E!ng.) See Seed] no. 

Sepiolite (Min.) A synonym for Meerschaum 
(q.r.) 

Septaria (fieol.) See Clay Ironstone. 

Septet, Septette (Mtude). A composition for 
seven voices or instrumemts. 

Septic Tank System (Sanitation). A system of 
treatment of sewage in which the sewage is collected 
in a covered tank somewhat resembling the old and 
discarded cessjKJol. The sewage is introduced below 
water level, and the outlet is also below the waterline. 
The sewage is passed through the tank vei7 slowly, 
and is aett d on by micro-orgaTii.'^ms which break ujy 
the solid matter. The advantage of this is that 
little or no solid matter is deposited. The effluent 
from the tank is tlien aerated by flowing over a weir 
in a thin stream, and is next passed through beds of 
coke. This system was introduced at Exeter in 1895 
by the surveyor of that city, and it is claimed for it 
that the suspenfUnl matter is removed almost com- 
pletely, and that in the, lank itself over one-fourtli of 
the organic carbon in the sewage is removed. In 
some later forms the submerged inlet is discarded, 
as it is said to pro<lucc more disturbance in the tanks. 
A separate sludge compartment with a sludge 
pump may also be provid<jd. See also Sanitation. 

Sequence (Music). The re|>etition of a musical 
figure at different pitch. Sequences may be of any 
Irngth, and are of two kinds, Heal and Tonal. A real 
sequence is one in which every interval of the figure 
iuS repeated exactly, and is chiefly made use of for 
modulation. A tonal .sequence is one in which tlie 
repetition i.s confined to the same key; hence the 
intervals are not exactly repeated. The following 
.shows one example of each kind of seqiience. 
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See als$ Rosalia. 


Serdab (^Architect, ) A necrct chamber in an 
ancient Egyptian tomb. See Mastaba. 

Seraio Tranquil. 

Serge ( arid Worsted Mamifac.) Serge is 
composed of crossbred worsted yai*ns, and is made in 
medium an<l heavy cloths for suitings and over- 
coatings. A union serge is one in wliich cotton warp 
and worsted weft is used. * See Wobsted, vndcr 
Wool. 

Seriata, Con; Serio, Serioso (Music). In a 
serious, grave manner. 

Series (Elect.) Conductors arc said to be in 
Series when tlioy arc so connected that a current 
passes through thorn in succession, i.e, when the end 
of one condiirlor is connected to the beginning of 
the next. 

Series Dynamo and Motor (Ehu't. Eng.) See 
Dynamo and MoTOii. 

Berit (Tyjwg.) The line lines and cross strokes 
oii tlie top aii<l bottom of certain styles of type, 
e.g. M. rf. Sanserif. 

Serpent (Her.) The serpent as a charge is repre- 
sented either erect, involved (in form of a circle), or 
nowed (tied in a knot). 

(Music). A bas.s wooden instrument, bent 

111 ser])ciitine form, covered *iLh leallier, and having 
a cupped moutlipiecc like a trombone. It is now 
nearly obsolete, its place being taken by the 
Euphonium (r/.v. p. I. ‘is). Amongst com])osers who 
rnaclo use of the serixjiit may be mentioned Men- 
dels.<?(»hn in his AY. I*avlt etc. 

Serpentine ( Geol.) A soft ruck capable of being 
easily carved into ornaments, and usually of a pattern 
reminding one of that found on some suakos. This 
colouring is develojied chiefly by the prolonged 
exposure to soa water. Serpentine was in all cases 
originally an ultrabasic rock of eruptive origin. It 
consisted chiefly of Olivine and one or more of the 
Tyroxenes which have been subsequently hydrated 
by water circulating deep within the cartli's crust. 
Hcri)entine8 may bo of any age. Borne Scottish ser- 
l)entincs are of Tertiary age. 

(Min.) A hydrous silicate of magnesium 

with traces of alumina ami ferrous oxide. It is 
a rock rather than a mineral. It results from the 


hydration ot several ferromagnesium alllcates ^ in 
decomposition. It is much used as lui omameptal 
stone. The chief British localities are Portoojr in 
BanfiEshiro, the Lissard, the Shetland Isles, Anglesea^ 
CO. Galway, and co. Wicklow. 

Berpollet Boiler. See Boilers. 

Benre Tube. A boiler tube having ribs radiating 
from the iimer periphery of the tube, about a quarter 
of the diameter in length. They increase the sur- 
face, and bonce the heat transmitting power of the 
tube. Compare the Row Tube, the principle of 
which is only applicable to flexible and ductile 
metals. 

Berrice (^Plnmh., etc.) (1) The delivery of water 
or gas to a building. (2) Service Pipes (q.v.) 

Bervice Pipes (Plmnh., eto.) Tbc water or gas 
pipes inside a building arc termed Service Pipes, 
and often alluded to collectively as the Service. 

Bervioe Reservoir (Civil Eng.) A reservoir from 
which water is supplied directly to a town ; situated 
I at a sufficient elevation to force the water to the top 
! of the highest building. Their main objects are to 
; provide a reserve of water for sudden emergencies 
{r.g, a fire, a broken main, etc.), and to enable a 
uniform pressure and a uniform rate of pumping to 
be maintained. 

Service Tree (Botany). The true Service Tree is 
Pyrus doniestica\ the Wild Service Tree is Pyrus 
torminalis. 

Serving. Covering the surface of a rope with 
yarn, etc., to prevent abrasion. 

Servitor {Glass Mannfac.) The glas.smaker who 
fashions and forms the body of articles for the 
I “ workman *' to finish. The second man in a set or 
i “chair” of workmen. Cf. Foot Blower and 
I Workman. 

I Sesame Oil. A medicinal oil expressed from the 
' seeds of Sesamum indlcwm (order, Pedaliacea). The 
I plant is cultivated in India. 

i Beequialtera (Music). An organ pipe of several 

; j auks (jire* Mixture). 

Sestet (M^tsic), A composition for six voices or 
instruments. 

1 

! Bet (Carp., etc.) The teeth of a saw arc bent 
I sideways; this is called the Set of the saw. 

; (Typefounding). The placing of letters or 

1 chameters on the body or shank in such manner as 
; will secure apparent uniformity of space between 
' them when arranged in every possible form. 

(Typog.) The term indicates the width of 

■ body of a type ; this determines the amount of blank 
' space on each side of a letter when printed. 

' or Sett (Eng.) (1 ) A deformation or deflection 

: of an object, due to stresses. (2) A form of chisel 
; with a handle used in cutting bars in the smithy. 

i or Sett (Textile Manufac.) The gauge of the 

(doth. The term lias a different meaning in different 
centres. A 30* set Glasgow would be 30 x 40 iu 
.37 inches ; Bradford, the same number in 36 inches ; 
and Dewsbury and the Heavy Woollen district iu 
90 inches. The more correct and simpler meaning 
is the number of reeds in one inch ana the number 
of thread.^ in each reed; e.g. 10* reed 4* eqmds a 
cloth of a set of 40 threads per inch. 
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Set or Set Up (Jypog,) To place type in order so 
AS to form words, etc., as represented by the copy 
Qq.r.') for the purpose of printing ; to comj^se. 

Set Off (JJuUd,) See Off Ret. 

(Plumb.) A bend in a pipe. 

Is caused when pressure is brought 

to bear on printed work before the ink is properly 
dry; i.e. the ink in its soft condition smears the 
sheet above or below. 

Set Off Blanket (Print.) A blanket placed over 
the cylinders of a perfecting machine to absorb 
the surplus ink from the printed side of a sheet when 
being perfe<;ted up. 

Bet Off Paper (Print.) Paper to which some 
preparation has been applied, e.g. oil or glycerine ; 
used to prevent the set off (q.v.) 

Bet Out (Leather Manvfae.) See Setting. 

Bet Screw (^ng.^ etc.) A screw used for adjusting 
some part of a piece of mechanism or for holding it 
in place when ^justed. 

Set Square. A drawing instrument consisting of 
a right angled tiiangle made of wood, ebonite, etc. 
The acute angles are usually 60^ and 30®, or both of 
45“, but other angles arc occasionally used. 

Sett (Build.) A squared block of liard stone used 
for paving roads where the traffic i.s heavy. The 
stone is generally Dolcrilc, but granite is also used 
in many cases. 

- — (Teaetile Hamifac.) See Set. 

Setter (Pot.) A shallow flat seggar in which, 
bedded ux)on ground Hint, plates, dishes, saucers, 
and other flat ware arc fired in the bisque oven (q.v.) 

Setter Up (Lace Ma^iufac.) A specialist who 
devotes his whole attention to the adjustment of the 
inside of a lace machine. 

Setting (Phig.t etc.) (1) Fixing the parts of ma- 
chinery in their correct jjo.sitions. (2) Bending the 
teeth of a saw. See S.\w Setting. 

( Leather Manufac.) Leather in the wet stale 

is laid flat on a tabic, and “set out” by means of a 
stone or metal slicker. The leather i.s .stretched and 
.<et out until no growth marks or creases arc visible 
and until quite flat. Also done by setting out 
machines. 

Betting Block (Kng.) A block of iron with a 
curved edge, on which a saw i.s laid when the teeth 
are being set by hammering. 

Betting Coat (Plaid.) The finishing in two or 
three coat work. 

Betting Hammer (Bng.^ etc.) A hammer with a 
thin pane or point, used for saw setting (jj'.r.) 

Betting of Slide YalYes (Eng.) See Slide 
Valve. 

Setting of Tools. See Rhabpenino of Tools. 

Betting Out (Carp, and Jcin.) lilarklng lines on 
the prepared stuff (wood) fr)r the cuts, grooves, and 
the verious joints required in the construction of a 
piece of work. Preparing a working bod (q.v ) from 
which the sizes of the various parts of the constructior 
arc ascertained and worked to. 

(Eng.) Marking the lines, centres, etc., on a 

rough casting, forging, etc., i>reparatory to machining 
and fitting. 

(Snreeying). See Banging. 


Betting Over (Eng.) When conical or tapering* 
work has to be turned in a lathe by means of the 
slide rest, the back oentro or poppet is moved parallel 
to itself in a direction at right angles to the lathe 
bed, and fixed in such a position that the slant side 
of the conical piece of work lies parallel to the 
central axis of the lathe. This movement is termed 
Retting Over, 

Betting Rule (Tgpog.) See Oomposino Bulk 

Betting Btiek (Tgpog.) A Composing Stick (q.v.') 

Setting Stuff (Build., eic.) See Fine Stuff. 

Settlement (Build.) (1) The term applied to the 
squeezing out of the mortor in the horizontal Joints 
of brick and stone walls. (2) The general shrinkage 
which takes place In a new building. 

Bet Up (^fet.) A machine for shortening and 
thickening a bloom that has been lengthened out by 
• the squeezer. 

(J)tpflg.) See Set. 

Bet Work (Eng., etc.) Bepetition work, i.e. the 
production of numbers of similar objects. 

Seven Pound Lead (Plumb.) This expression 
means that one foot square will weigh 7 lb. Tho 
1 hickness of sheet lead is known by its weight per 
foot super. 

Beveries (Architect.) The cells or panels between 
the ribs in Crothic vaulting. See Cell and Rib and 
Panel Vault. 

Sevres (Porcelain). The National Porcelain 
Manufactory of France originated at St. Cloud at 
the close of the seventeenth century. The manu- 
factory proper was established at Vincennes in 1740. 
About twenty years later it was njmoved to Sevres. 
It has always received Government support. Until 
the end of the eighteenth century Soft Paste was 
exclusively made, and it is celebrated as the finest 
type of soft paste extant. From about the year IROO 
Hard Paste W'as produced, and it has been continued 
up to the present time. The most celebratcid period 
of StWres Porcelain was the middle of the eighteenth 
century, when magnificent wares were produced, 
ornamented with rich chased gilding, combined with 
beautiful flower paintings and also paintings after 
Watteau and Boucher. The finest colours employed 
were dark blue (Bleu du Itoi), turquoise, rose pink, 
and apple green. 

Bewage Removal and Dieposal. See under 
Sanitation. 

^^eie(Sanitat'ion), According to the Public Health 
Act, 1875, a sewer means the ciiannel receiving the 
dnuns of two or more houses or separate premises, 
and includes sewens and drains of every description, 
except drains to which the word “drain” as inter- 
l^reted by the Act applies, and those under the 
control of any authority having the management 
of roads and not being a local authority under the 
Act. 

Sewing (Bind.) This term comprehends the 
usual metho<ls of fastening together in i)roi)er 
order the separate sections or sheets which make up 
a volume, the work being done on a sewing press or 
by a machine. The principal methods are known as 
(1) Flexible sewing and (2) Ordinary sewing. In the 
former method the thread with which the book is 
sewn is passed completely round each of the bands 
(q.r.) in the process of sewing, the bands being 
outside the sections. In the latter method the thread 
simply passes over and outside the bands, which are 
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** sawn in ” to facilitate tbe process. Flexible sewing, 
tberefoie, is best adapted for books likely to be sub- 
jected to maob usage. 8ee Bookbinding ; Kbttle- 
BTITGH ; OVEBSBWING ; SAWING iN ; SEWING 
Pbess; Stabbing; and Stitching. 

8evil^t Sress {Bind.) An apparatus on which 
the sections (sheets) forming a volume are plaoed 
to be sewn together 

by hand. Tbe five a « 

strings seen in posi- s 4 

tion are the cords or A ■ 

bands (^.e.) which are r~| 

fastened at the top to I I 

loops on the crossbar I I 

termed lay cords, and I I 

are fixed at the other Q 

end by means of small 

implements called } 

keys, which pass yy 

through the slot in Sewing Paksb. 

the bed of tbe press. 

The sections are placed in one at a time, in numerical 
order, on the bed of the press with the backs against 
the cords. The threaded needle, being inserted at 
the top of the page, is passed along the inside of the 
fold or the section by the left hand until it is oppo- 
site the various bau<ls, when it is thrust through the 
paper, and the thread is either passed completely 
round, i.e, encircles the band, as in the case of 
FUixible sewing (see SEWiNGi), or simply passes out- 
side tbe band before re-entr}’, as in Ordinary sewing. 

— See 8EW1NG, Kbv, and Lay Coud. 

Sexpartite or Bixpajpt Vault (ArchUeet,) One of 
tbe earliest forms of rib and panel vaults. It was 
used licfore tbe introduction of the pointed arch 
overcame the difficulty of constructing vaults over 
spaces which were not square on plan. In a sex* 
X)artite vault two bays of the aisle are included in 
one of the nave. The vault over each rectangle is 
divided into six compartments by ribs, and all tbe 
ribs are arranged as Rcmicircles. See ItJB and 
Panel Vault and QuADiUPAUTiTE Vaulting. 

Sextant (Optics, etc.) An instrument for measur- 
ing the angle subtended at the eye of the observer 



by two distant objects. Let 0 . lie a ray from the 
first object ; the telescope A is placed so as to receive 
this ray directly. Oj is a ray from the second object, 


falling on a movable mirror B, by which it 4s re- 
flected to the mirror o, and thence to the telescope, 
c is silvered on one-half of its surface only, in order 
that the ray 0, may be transmitted through one*half 
along the path o. A ; while tbe ray o, is reftected by 
the other half along the path DEA. An arm DH, 
turning on an axis at D, carries the mirror B. If the 
ray o. be parallel to o,, the mirror B must be placed 
parallel to c ; H then coincides with the zero of a 
graduated scale engraved along GHK. If B has to 
be turned through an angle kdh, in order to reflect 
the ray o, along the path DEA, then the angle o^DF, 
which is tbe angle between tbe rays o, and o,, is 
twice the angle hdk. Each degree on the scale GK 
is numbered as two degrees, and tbe angle required 
can then be read oft at once. The instrument de- 
rives its name from the fact that the aims DK and 
DG arc at an angle of 60° with each other. In an 
older form these arms were at right angles, and the 
arc GH was a quarter of a circle; this t 3 *pe was 
termed a Quadrant. Tbe instrument is used at sea 
to measure tbe angular distance between two celes- 
tial bodies, or between one such body and tbe 
horizon. Its most important use is to find when the 
sun reaches its greatest altitude ; tbe instant when this 
occurs is the time of the sun’s Transit (see Transit), 
that is, the time of apparent Solar Noon. This time 
is reduced to the Mean Noon, and by comparison with 
tbe chronometer, which shows the exact mean time 
at Greenwich, the longitude can be found. 

Sextet (Alusic), See Sestet. 

Bextuplet (Mvne). A group of six notes to bo 
performed in the time of four. 

BforzandOi Bforsato (Mvsic), Forced, accented. 
Usually abbreviated to ^ or efz. Applies to single 
notes or groups of notes which are to be strongly 
emphasised. Cf, Rinforzando. 

Sfretfazzi (Paint.) The Italian term for the 
melhf)d of shading employed by the Venetian school 
of painters. It consisted of dipping the finger in 
colour and drawing it once over the part to be 
shaded, the result being a soft and uniformly thin 
shadow. 

B^pafflto (A rchitect . ) A method of treating a small 
sui-face, consisting in covering a coloured plaster 
with a white coat, and then forming the design by 
scratching away parts of the latter and exxMlsing the 
ground. 

(Dec.) A method of decoration effected 

by drawing black figures on a white ground, or rice 
versa, the outlines being aot'entuated by hatchings. 
Often carried out in stucco, cy. Graffito. 

Shackle (Png., etr.) A loop at the end of a bolt, 
etc., to which a hook or chain can bo fastened. 

Shackle Insulator (Elect. Eng.) An insulator 
fixed between the ends of two wires or the two ends 
of a cut wdre. 

Shade (Art). (1) A gradation of colour, (ij) 
The parts of a picture or drawing represented as 
unilluminated. (3) A colour to which black has been 
added. Just ns white when added tO a colonr in 
different proportions gives a variety of tints, so 
when black is added the re.snlt is a variety of shades. 
When a colour is viewed in a somewhat dark room, it 
has the appearance of a shade as compared wirii 
the appearance the colour would present if viewed 
in a strong light. See CoLOUBS, Hue, Tint, and 
CH1AB08CUB0. 
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(Art), The method of representing 
shadows, or obtaining relief, effecteti by gradations 
of colour tones or hatching. &fti Ghiaboscubo and 
Hatching. 

etc.) Shading is used in mechanical 

drawings both to give a natural appearance to views 
showing the external surface of an object, and also 
to indicate on a section the material of which the 
object is composed. Various conventional methods 
of shading are used for this pur|)ose. See Section. 

Shadow. The region of apparent darkness on 
a surface, duo to the interception of light by an 
opaque body, the shadow being an outline of the 
illuminated poition of tlie intercepting body. 

(Phys.) An area or space within which 

illumination fiom some particuLir source or sources 
is cut off by an o|xique object. The terra is further 
extended in physics to the cutting off of other forms 
of radiation and radiant energy. Thus the cutting 
off of heat rays produces a shadow whose iioundarics 
may be detected by the use of the thermopile. A 
sound shadow may be detected in some cases by the 
ear, in other cases by the use of Ihe sensitive dame, 
etc. 

Shadow Bands {Agtron.) The curious appearance 
of daik and light bands which are observed to travel 
on the surface of objects during the commencement 
and en<l of the total phase of an eclipse of the sun. 

Shadow Photometer (Light). See Photometebs. 

Shaft (ArchUeet.) Tlic central division of a 
column l)etween the base and capital. See Column 
and Abchitectuue, Orders op. 

(IC}ig.) A rod or bar, usually cylindrical, 

which is used to transmit rotation. 

(Mining, Civil Eng., etc.) A vertical Oensi 

frecpiently inclined or sloping) hole leading into a 
mine, tunnel, or other underground working. The 
sides are lined with timber, masonry, or iron, t<» 
prevent collapse. The shaft iriay he intended solely 
for ventilation, or may contain ladders, winding gear, 
pumping appliances, etc. See Mining. 

(Silk Manvfar.) See Heddli:, 

Shafting (Eng.) A corapreheiisive term for a 
number of shafts ; often used to include their 
bearings, pullc^s, elc. 

, Flexible (Eng,, etc.) Shafting made of 

some flexible material, or constructed with joints 
which permit 1 at ei-al bending wldle rotary motion is 
being transmitted, are used to actuate certain kinds 
of mechanism, e,g, small drills snch as tho.se used 
by dentists. A flexible shaft is also us-ed in certain 
cases where a very high velocity of rotation occurs, 
as in some forms of steam turbine, in order to 
diminish the risk of fracture. 

Shaft Tunnel (Eng.) The passage or tunnel 
through which the shaft of a screw propeller runs 
from the engine to the stem of the vessel. 

Bhahe (Carp., etr.) Gmeks or fractures produced 
in tirul>er, due to shrinkage. See Woods. 

(Mining). A crack or opening in a vein or 

rock. 

(Print) An imperfetd impression caused 

by a defect in the press or machine, and giving a 
blurred appearance to the iirinting. 

or TpUI (Mmic), See Orkah^ents, p. 478. 


Shale (Geol,) Sedimentary rocks originally de- 
posited as thin layers of mud or silt, with pauses 
between the deposition of each layer, so that slight 
differences of mineral character occur at small 
vertical intervals, and the rock, in consequence, splits 
easily in directions parallel to them. In Scotland 
Shales are called lllaes. In the North of England 
they are called Plate, and, if silicious. Shiver. Shale 
in Scotland usually means Oil Shale (q,v,) Cf, 
Schist. 

ShaHow Water Deposits (Geol.) Sedimentary 
rocks deposited in water of small dejpth, which com- 
monly alternate with uthcr sediments that have been 
formed at the surface. The prevailing types are 
shinglo and gravel, coarse and fine sands, silts and 
I loams, with, more rarely, clays. Limestones seldom 
I occur ; but shell marl, and also diatom earth, may 
I form part of shallow water deposits of freshwater 
I origin. Impressions of raindrops and casts of 
I desiccation cracks foimed by the diving of clay beds, 
etc., are specially characteristic of sliallow water de- 
posits. Uipple marks al^o are of common oocurrence. 

I Shallow Wells (Eeononiic Geol.) This term 
: sliould be understood to mean wells where water 
. supplies are chiefly drawn from waters percolating 
j into them directly from the surface, as distinguishcil 
! from tho^e wells whose supply is exclusively ilerived 
* from winters which have circulated through the solid 
I n jck. A well supplied from t ho water which generally 
, occurs at the b<jttora of the river gravels of the 
! Thames Valley is a good example of the former ; 
i w'bilo a well sunk deep into ihe chalk of the same 
I district, and exclusively supplied Iroin that source, 
is a typical example of the latter. Shallow w'olls 
' are particularly liable to surface contamination from 
’ middens, c^^sspol>l.‘<, drains, and other sources of 
I p()lhiti(>n, and aie often, therefore, dangerous sources 
I of di8cas(‘. In those wells in whicli proper care is 
j taken to exclude all surface waters, no such danger 
! can exi.st, even though their actual depth may be 
j hut small. On the other hand, a well of considerable 
depth, if surface waters are not rigidly excluded, 

, may at any time prove to be a source of danger. 
See aUo Sanitation. 

Shamrock (Eota,i,g). Tri/olinm rejfcwt (order, 

' Legnmi/ioue), a plant common in most Umipcrate 
' ri'gions. The original shamrock is believed by some 
‘ writers to have been Oxalia avetorclla. 

! Shank* (1) A handle. (2) In the foundry a l:>ent 
! bar serving as a support for a ladle. (.’1) The main 
part or body of a tool such as a drill, sliile rest, 
j tool, etc. Cf, Tang. 

; i^JoiiK) The straight part on the end of a 

j wreathed handrail, 
i See Types. 

Shap Granite. See TIdildino Stones. 

Shaping (Eng.) Work carried out in the Shaping 
: Mai'HINE (q.r^ 

Shaping Machine A machine tool in which 

! a tofd resiunbling that used in a slide rest is moved 
. backward and forward in a horizontal line, so as to 
, act on a piece of work fixed upon the table of the 
m:i(‘hino. Its cutting action is similar to that of a 
l)laning machine, but it is more convenient for use 
in the case of small or awkwardly shaped objects. 

I Sharp (Mntie), Marked by It raises the 
I note before which it is placed a semitone. See aUo 
I Double Sharp. 
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Sharpened 5tii {Music), The chord consisting of 
the Dominant, Leading-note, Sab-dominant, and 
sharpened Supertonic, so called by Theorists opposed 
to the Day theory 

Sharpening of Toole. This includes (1) Grinding 
on a grindstone or emery wheel, or an equivalent 
oi)eration, in order to bring the edge approximately 
to the required form (2) Setting or sharpening 
proper, in which the final form is given to the cutting 
edge by oil stones or 1 tones. The final setting is as 
important in the proper sharpening of tools for 
catting metal as in the much keener edges used in 
woodwork, if a good finish or accurate work is 
required. 

Sharpening Slip {Carp.^ Eng., etc,) A piece of 
stone for sharpening or setting the edges of curved 
cutting tools. 

Sharpe*B ClaBBiflcation {Architect.) See Curvi- 
linear. 

Sharp Mixture, Shrill Mixture {M^utic). One 
of the stops in organs. Sat p. 4. ‘19. 

Shave Hook {Plumh.) A scraper for shaving off 
the load wlicrc a joint has to be made. 

Shaving {Leather MoAiufac.) Hides and skins for 
< erUiin purposes are shaved to even substance. This 
is one of tlie most delicate operations in finishing 
leather. The operation is mostly done by hand on 
an upright beam with a knife, the edge of which 
has been turned at right angleJs. For rough work 
machines are now used. 


{Phtwh.) Paring away the surfaces from two 

pieces of lea<l that are to be soldered together. 

Shaving Tub {Jiind.) The re<‘cpiacle into which 
tlie paper falls w'heii tlie edges of a book are being 
cut previous to binding. 

Shawm or Bhalm {Areheol.) That mentioned in 
the I’l-ayer Hook is, accoiding to the late Bir John 
Btainer, the ramshorn or horn trumjxit. 





Shear {Phyc,^ Eng., etc.) Let A B C D be any 
piece of material, with the edge D C rigidly fixed. 
Let a tangential force, whose 
amount is / units of force per 
unit artia, be applied to the 
face A B in tiie direction of 
tlio arrow. Then the material 
W'ill in general he distorted 
into the foiin A'P/UD. The 
angle A D A' or B V B' is 
termed the SiiBAK or Shear- shkai;. 

ING Strain, and the force f the Shearing 
Stress. A shear can be produced withimt alteration 
in the volume of a body, as, f«)r example, when one 
end of a cylindrical rod or wire is rigidly fixed, and 
the other end twisted. This is the form of stress 
w'hich exists in shafts which are used to transmit any 
rotary motion. The ratio 


Shear ing Str ess 
Shearing Strain 

is termed the Poefficient of IUgidity, Coeffi- 
cient OP Transverse Klasticity, Modulus op 
Rigidity, or simply the Rigidity. 


Shearing {Eng.) (1) Cutting material by means 
of siiears or a shearing machine, (2) The production 
of a Shearing Stress or Strain. See Shear. 

{Oeol) A term applie<l to the mechanical 

results upon rocks resulting from a differential move- 
ment of the part on one platform as compared with 


that immediately below. The phenomenon is one. 
that nsually accompanies great terrestrial disturbances 
deep within the earth’s crust. 

Shearing Machine {Eng.) A machine driven by 
power and provided wdth strong jaws or knives for 
cutting iron plates or bars. Largely used in boiler 
shops, etc. 

Shearing Strain {Eng.) See Shear. 

Shearing Stress {Eng.) See Shear. 

Shear Legs {Eng.) Sec Sheers. 

Shears. Cutting tools for .sheet metal, glass, etc., 
having a mode of action resembling that of scissors ; 
the tool may be actuated by band or power ; in the 
latter case it is usually termed a Shearing AIachInb 

iJ.V.) 

Shear Steel {Met.) Steel which has been formed 
from a numbcT of bars of common steel made into a 
Fagot {q.v.) Tbi.s is heated to the welding tem- 
fjerature and drawn out. If the operation is repeated 
Double Shear Steel is produced. 

Sheave {Eng., etc.) (1) A small wheel with a 
groove in itwS periphery in which a rope or belt can 
! run. (2; l*he central portion or di.se of an ECCENTRIC 

• (g.v.-) 

Shed {Textile Manufac.) The space or opening 
between warp threads when they are softtrated for 
the shuttle to pass through. Sec Open Shed, 
Closed Shed, and Loom. 

Shedding (7ka?t«7cj|/awi//iir.) The primary move- 
ment of the loom. The formation of a division or 
“ shed ” in the warp threads by the bealds to allow 
the shuttle to pass through, so as to effect an inter- 
lacing of warp witii weft. The shedding motions 
, are: TAPPET, DoBBY, JACQUARD {q.r.) See also 
i.OOM. 

Sheep {Bind.) The term applied to various cheap 
kinds of binding done wMlh sheepskin. 

SheepBfoot {Print.) A hammer with an iron 
handle wliich has a claw at tlie end. The hammer 
is ii.scd for fastening formes in the press, and the 
claw for rai.sing the forme's 

Sheer Poles {Eng.) The polc.s of a set of Bhf.eb 
Legs: Bhekrs. 

Sheers. A tall hoisting apparatus consisting of 

• two or three pieces of timber, etc., erected so as to 
incline tow'ards each other at the top, where they 
are fastened together and the necessary tackle 

' for hoisting attached. Sheers are employed for 
I masting and dismasting ships, putting in marine 
boilers and engines and other similar operations. 

Sheet {Print.) The perfected section of a printed 
w'ork, i.e. printed from outer and inner formes. 

Sheet Glass. This is used chiefly for glazing, and 
has entirely superseded Crown glass for the purpose, 
owing to reduction of waste and the larger size of 
the sheets. Figured rolled sheets of various colours 
and patterns are manufactured in a manner .similar 
10 rolling plate glass, the pattern being incised upon 
the roller. These sheets are cut np into shapes 
suitable for designs in leaded lights. See FURNACE, 
Glass Manufacture, a7id Crown Glass. 

Sheet Iron {Eng., etc.) Thin plates of iron, such 
as are U'-ed for making Tin Plates {q.v,) Tho 
thicker plates (those above ^ in.) are not termed 
sheet iron, but Boiler Plates, etc. 

Sheet Lightning {Mctcorol) A sudden glow 
which is not confined to a line, as in the case of 
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ordinary lightning. It is probably the reflection of a 
more distant flash of ordinal^' lightning occurring 
iu many cases below the horizon. 

Sheet Metal Gauge A flat plate with 

notches, whose width seri es to determine the gauge 
or thickness of sheet metal. The width of the 
notches may correspond to the numbers of the 
various WiBB Gauges (g'.v.) or may be definite 
fractions of the inch, etc. 

Sheet Piling (Civil Eng.) Piles driven into the 
ground close together, so as to form a continuous row. 
They are usually bi-aced together, and the joints filled 
up by caulking, in order to form a water-tight 
partition. In large works two parallel rows of sheet 
piling are used, and the space between them is filled 
up with clay. 

Sheet Tin (Met,) This term is applied to thin 
plates of good wrought iron or mild steel, coated with 
metallic tin. See Tin Plates. 

Shell (Et^.) The outer part of various objects. 
e,g. of a boiler, considered apart from its fittings, or of 
a ship, apart from the internal work, machinery, etc. 

Shellac. A brittlo resinous substance produced 
by an insect. It consists of about S.j per cent resin, 
5 per cent, wax, colouring matter, etc. There arc six 
varieties in commerce, viz. stick lac, lac dye, shell 
lac, seed lac, button lae, and shellac rods. It is 
largely used in the manufacture of wood poli>lies ami 
of spirit and other varnisbe.s. See Lac mid Kebinb. 

Shelli Magnetic. See Maokbtic Shell. 


panels, pier tables, square mirrors, door cases, 
cornices in the aforenamed blends, satinwood 
cabinets, clock cases, commodes, toilet tables, 
Pembroke tables and chairs. The satinwood pieces 
were painted in devices of wreaths, flored and ribband 
festoons, comuoopisQ, medallions, trophies, and alle- 
gorical figures. There is a beautiful toilet table 
(No. 635) at South Kensington in the latter style. 
For his veneers Sheraton used the most costly 
mahogany; for inlays, purple wood, box, and occa- 
sionally stained woods. To divide bis panels he 
employed the Ionic 
pilaster. Among the 

novelties which we H SSL 0 

owe to Sheraton may ffi § 1 I 

be named the kid- || Jw 

ney shaped writing 11 RTg 11 

table; the sideboard Itt |B|I|I|hI || 

with concave fronts, 11 ||| l[| 01 fl 

for which the ser- Is iflllOf fJ 

pentine form was M a I 1 1 0# / f 

occasionally substi- ^ % 1 A la II 

tuted ; and last, not aX^la Jm 

least, * ‘ K n d d * 8 /J 

Table,” for toilet 
purposes, fitted with f 

a central and two / | 1 1 

flanking mirrors, (| j " f || 

w’hich last, rising by ;; 

a quadrant, could l)e 

turned from a vertical to a horizontal position, thus 
reflecting the back of the head. A reversion in the 


SheU Marl (Geol,) Usually a freshwater deposit 
formed at the bottom of quiet sheets of water, and 
consisting partly of the dead shells of freshwater 
mollusca, but mainly of a mixture of fine clay and 
calcareous matter resulting from chemical i)recipita- 
t ion. The word “ marl ” properly means any ruck that 
readily crumbles away on exposure to the weather. 
See Mabl. 

Shell Plates (Eng^ The plates composing the 
outer part or shell of a boiler. 

Shell Transformer (Elect. Eng.) See Tranb 

FOBMEBS. 

Sheraton. In this country Sheraton furniture 
stands next in repute to Ciiippendale. Though not 
so original as his predeee8.sor, Thomas Sheratem 
showed more skill in the adaptation of French 
forms, viz. Louis Seize and Em^nrc ; hence liis work 
covers a wider field. Sheraton was born at Stockton- 
on-Tet^s in 1761, came to London in 171K), and the 
following year published T/te (hhinctmaher and 
UpheUterer's Ermcing Jicok^ wdjich wa.s succeeded by 
an aeeompanimciit and an aj^pendix. The second 
edition of this standard w'ork appeared in 1793, and j 
the final one in 1802. In 1803 was issued The Cabinet j 
EicHma7y; or, Exjdanation of All Terms nsed hi the 
Cabinet, Chair, and Upholgtery Eramches, and next 


' type of chairs favoured by him was that to the 
, ancient classic curule, the seats ornamented with 
I masks of men and animals. The metal employed 
! for the Empire work was brass; unfortunately this 
led him to decorate his carved wood pieces with 
, bronze green or gilt. The effect after lapse of lime 
proves this to be a serious error, as may be seen in 
, Nos. 46 and 46 at South Kensington. The only other 
.‘^pecimens of Sheraton at this Museum are Nos. 407 
and 408, a pair of marqueterie chairs. Among tlie 
curiosities devised by Sheraton may be mentioned 
“ goaty stools,” chamber horses, “ libraiy stops 
planned to fold up within the BojiU writing table,'" 
bidet dressing tables transformed by closing into 
stands, and pulpit with inlaid panels and a 
sounding board surmounted by an acorn shaped 
ornament.” Sheraton's fnagnum opus. The Cabinet- 
maker and Upholsterer^s Drawing Book, was re- 
publisLed in 1896 by Messrs. Batsford. 

Bheringham Valve. This ventilator consists of a 
small vertical trap door (usually 9 in. by 3 in.) in the 
wall near the ceiling, hinged at the bottom and cased 
at the sides, so that tlic air, which enters through a 
jfierforated brick or grating, is diret*ted upwards. It 
can be opened or closed by means of a balanced 
weight. 


year ho commenced the publication in serial form of 
The Cabinetmaker and Artisfg Eneyelopwdia, to be 
completed in 125 parts, of wliich but thirty were 
bofore the public at the time of his demi.se in 1806. 
Sheraton was trained for the profession of an archi- 
tect, and his studie.s proved of great value in his 
life work. His designs are drawn to scale with 
mathematical precision, and ho effected a meri- 
torious combination of such diverse styles as those 
of Louis XVI,, iSir W. Chambers, and the brothers 
Adam ; he also ren«lcr(!d in wood tVie famous Queen 
Anne swan-necked pediment s. Bheraton’s designs 
comprise painted wood mantelpieces, drawing-room 


Shield (Ar7n.) A piece of defensive armour made 
; of wood, bide, or metal, or a combination of these 
.substances. It was car-ied on the left arm» 
and used for warding off blows or missiles. The 
earliest known examples are circular in shape and 
almost flat on the outside; they date from the 
Bronze age. The shield continued in use until the six- 
teenth century, by which time firearms hod rendered 
it practically useless. The Norman shield was tri- 
angular or kite shaped, eventually becoming shorter 
and convex on the outside, i.e. curving towards the 
body, the latter form being known as a beater 
shield, ( y . Scutum. 
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Shield (,Cwil JSng,) k structure used in tbe 
excavation of tunnels, especially through loose or 
wet strata. The outline commonly follows the shape 
of the tunnel ; it supports the roof and protects the 
men who work inside the shield. As the material 
in front is removed, the shield is pressed forward by 
rams or other mechanism, and the masonry of the 
tunnel is filled in behind it. In some cases 
the shield itself carries mechanical excavating 
appliances, driven by power. 

(AVe^.) In general a cover or screen em- 
ployed to protect some part of a machine or to guard 
workmen from injury by the mechanism. 

(jffir.) The escutcheon upon which heraldic 

charges are blazoned. The space enclosed by its 
bounding lines is termed the Fields the coloui-s 
used in tbe field are termed Tinctures, the lines used 
in dividing the field are termed Partition Lines, and 
the various objects which appear on the field are 
known as Charges, The heraldic shield or escutcheon 
has assumed various forms at different fxsriods. Tbe 





1. Triangular BhieKl, 4. Shiald of Georgian iJeriod. 

2. Hoator shaped Shield, Ti. Kococo BhielcL 

3. Shield d 6ouo/t«. (>. Modern Shield. 

most ancient are simple, but in later times their 
outlines became more elaborate. The custom of 
blazoning arms on shields arose in the Middle Ages, 
wdien nobles and knights in armour Imre devices on 
their shields in battle for the purpose of distinction. 
See Heualdey and> PoiKTS op Shield. 

, Electric and Magnetic. See Sceeen. Klec- 

TRIG AND Magnetic. 

Shielding, Electric and Magnetic. The ac tion of 
an electric or a magnetic screen. Sec Screen. 

Shield of Pretence {Her ) A small shield bearing 
an escutcheon is in some cases placed upon the centre 
of another shield. The .shield of an heiress is 
sometimes thus ** pretended ” upon the arms of her 
husband. The arms of Hanover were placed on a 
shield oif pretence on the Koyal Arms of England 
during the reigns of the kings of that liouse. 

Shifting Link {Hhtg,) The slotted link to which 
the ends of the eccentric rods are attached. See 
Link Motion. 

Shingle {GeoL) A term that ought properly to be 
restricted to the accumulation of rounded 8tone.s 
worn by the prolonged action of water in motion, 
which would leave the terra gravel for the angular 
and subangnlar stones such as floor so much of the 
lliames Vsdley and the Basin of tlie English Channel. 

Shillglcr A workman emph yed in Shing- 

IdWG 


ShinglM {Huild,) Boards of V-sbtoed section,, 
commonly | to 1 in. thick at one edge, but topeidng 
towards the other edge. They are made from some 
wood which splits easily along the grain, such aa 
some species of oak. Used for rooflng, fencing, etc. 

Shingling {Met.) Tbe squeezing and hammering’ 
of the ball of spongy iron from the puddling furnace 
to weld the iron into a bloom or stamp and expel 
slag, etc. 

Ship Canal {Civil JSng,) A canal intended for 
the passive of ships ; chiefly differs from an ordinary 
canal in its greater size, and in the fact that it must 
be constructed at a low level without embankments.. 
The Suez Canal was originally 26 ft. deep, but 
this has been increased ; most modem ship canals 
are about 30 ft. 

ShippePB {Build,) A term now frequently used 
for sound, hard burnt bricks, but of a bad shape. 

Shipping. (1) Placing on board ship. (2) A 
general term for putting in place some movable 
object, e,g, placing a belt on the pulleys. 

Shipping Measarements. The extreme length,, 
breadth, and depth of an object measured to the 
extremitips of all projections; they may be taken 
as approximately equal to the size of the box which 
would contain the entire object. Shipping chaig^es 
arc based on this size, and not on the actual bulk or . 
weight of the goods. 

Ship Platea {Eng.) Iron or mild steel plate not 
of the best quality, but of sufficient tensile strength* 
for use in the hulls of ships. 

S.H.M. Simple Harmonic Motion ( 3^.1?.) 

Shock {Eng,) A sudden stress, whether produced 
by a blow or otherwise. 

, Electric. The effect produced on a living 

organism by the passage of electricity through the 
tissues. 

Shoddy. Coarse and inferior cloth, composed of 
the fibre of old woollen or worsted fabrics which 
have been torn up or ** devilled ” and respuu with the 
admixture of fresh wool of inferior quality. 

Shoe {Build.) The lower end of a rain water pipe 
sliooting out from the wall. 

(Eng,) A metal eap placed on the end of 

beams and poles to prevent undue wear or to facilitate 
the attachment of other objects, etc. 

{Glass Manufac.) A fireclay box placed on 

one side of the pot and projecting into the furnace. 
Used for heating the gathering irons and ponty. 

Shone System {Sanitatum), This system of sewage 
removal is useful where tbe ground is fiat and there 
i is difficulty in getting a fail. The .sewage is col- 
lected in cylindrical reservoirs, known as ejectors,” 
and forced from these tanks through pipes to the 
outfall by means of compressed air. 

S-Hooks (Foundry), Iron hooks hanging inside 
moulding boxes and serving to support the sand. 

Shoot {Silh Manufar.,) See Wept. 

Shooter {Typog.) Ac Shooting Stick.. 

Shooting {Joinery, ete,) Truing the faces or 
edges ol boards, etc., by means of the trying xfiaue. 

Shooting Board {Joinery, etc,) A board on which 
a piece of wood is laid when an edge, etc., is being 
accurately planed. The wood is placed on the' 
shooting board with the edge required to be trued up 
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■projecting over a rabbet or depression, along which 
the plane is moved. The edge of this depression 
guides the plane in a straight line. 

Shooting Stars (^Astron.) See Meteobs. 

Shooting Stick {Typog.') An implement made of 
wood, steel, or other Lard material, and used in con- 
junction with the mallet for locking up formes of 
type. 

Shop Front ( ^< 3977 . ami Joitt.") The whole of the 
front of a shop, etc., woodwork, from the cornice to 
the pavement. 

Shop Tools (Eng,) The smaller articles provided 
by the owners of the w-orkshops, as distinguished 
from the machine tools on the one iiaiid and the tools 
vrliich are the private property of the workmen on 
the other. 

Shop Traveller (<£^0 A travelling crane iised 
for lifting heavy objects in the workshop. tJsuall}' i 
fitted in every department, of the engineering shop i 
except that of the pattei n makers. 1 

Shore {Geol.) Tl»e zone between tide msirks, • 
which is that of the greatest biological activity, | 
.as w-ell as that along whicli marine erosion chiefly • 
operates. j 

, Shoring {Carp,') Shoring is a method of | 

furnishing temfjorary support to walJs or other 1 
parts of a structure during alterations or oxcava- | 
tions which affect tlieir stability, or when they show 1 
■signs of yielding from other causes. For tliis pur- 1 
poso timbers termed Shobes are inscd. An inclined I 
.suppoi-t, reaching from the ground to some point in ! 
Iho wall, etc., is termed a Kaking Shore. Two or \ 
more raking shores extending from the same point 
(or nearly so) on the ground to different points on 
tlie wall, form Double Raking Shores, Treble 
Raking IShobks, etc. An inclined siipixirt extend- ! 
ing from a point on a shore to some point on the 
wall above is termed a Rider. The lower end of a • 
raking shore rests on a flat timber termed a Sole 
Piece or Foot Rlock ; the upper end re.sts against 
a flat timber placefl vertically against the wall, and 
termed a Wall Piece. Into thi.s wall }»iece i.s 
mortised a rectangular piece of wood termed a 
Needle; one end of this passes through the w'all 
piece into the wall itself, the other projects sufli- j 
ciently to enable the top ol the shore to abut against i 
it. A Flying Shore is a horizontal support extend- '■ 
ing between two walls, the ends abutting on wall ' 
pieces. Dead Shores are vertical timbers supf»orting ■ 
the masonry over an opening a .shop front). 

The feet of these shores rest on Sleeperb or : 
Fenders, horizontal timbers laid on the ground, 
und their tops carry transver.se memlxjrs (termed = 
Needles) on which the masonry rests. The adju.st- 
ment of shoring is largely effected by wedges, and 
the joints are secured by iron dogs, hoop iron, or !- 
additional wooden members nailed or spikefi to ttic 
main timbers. ; 

Short {Eleet.) A contraction for Short Circuit 

{Met ) Brittleness in metals, especially iron ; 

and steid. due to the presence of certain impurities. . 
St^c (’OLD Short and Red Hhobt. i 

Short Circuit (FZeef.) An electrical connection : 
l>etwecn two points in a circuit which provides an ! 
alternative path for the current, and thereby diverts . 
it from the main circuit to a greater or less extent. 

Short Colrnna {Eng.') A column whose diameter 
is a largo fraction (^ 'to i) of ka length, and whose 


tendency to bend under its load may therefore be 
neglected. 

Short Cross (Typog,) The shorter and usually the 
broader bar which divides the inner space of an 
ordinary book chase. 

Short Octave {Mueio'), A term given to organs 
which had an incomplete scale at the lowest end of 
the manuals. The notes were arranged to give as 
many “tonics** as j^ssiblc without the expense 
of adding the larger pipes of tlie complete chromatic 
scale. The order uf the sounds differed, but the 
following shows two arrangements of the notes : 




Short Period Comets {Aetnm.) Comets which 
have periotls from three to eight years in length. 
Spoken of sometimes as Jupiter's family of comets. 

Shorts {Typog.) A term applied (a) when the 
printed sheets are less than the inimlxT required ; 
to describe Ihc accented vowels a c I o il. 

Shot Edges {Carp. anA Jolii.) The edges of a 
board which have been planed straight by the process 
of Shooting (g.r.) 

Shoulder {Eng., Carp,, etc.') The jxirt of an 
object at which there is a sudden increase in width 
or diameter. 'J'he term is often restricted to the 
surface at this point, which is at rig lit angles to 
the main .axis of the object, e.g. the portion of a 
tenon joint which forius the abutment. 

Shouldered Arch (Arc//ftect.) A lintel over a 
dour oi)ening rohting on two projecting corbels; a 
common mei}i(»d of censtruction in Early English 
work. 

Shoulder Notes {Typog.') Notes placed in the 
margin at the top of a page. See Notes. 

Shoulder of Type. See IYpes. 

Shoulder Plane {Join.) A metal rabbet plane for 
shooting the shoulders* of tenons, etc. 

Shove or Shive {Linen Manvfac.) When the flax 
j.s being scutched in order to separate the fibre from 
the bone or woody stem, tlie latter is broken up and 
driven out by revolving blaxles, and a large quantity 
of refuse is thus produced which is called “shove** 
or “ shive.’* It is often, after the tow or short fibres 
are extracted from it, burned in the scutch mill fixes. 

Showers, Meteoric {Aetron.) See Meteors. 

Shrine. A casket or other receptacle Cor sacred 
relics, or a small chapel, etc., sanctified by the 
presence of such relics. An altar. 



8HB 


669 


StD 


fihrlnkage (Foundry), The contraction of a cast- 
ing while cooling. 

Shrinking Head (Fomdry), A Fbedbb (g’.v.) 

Shrinking On (Fng.^ et.o.) Fixing on a tyre, etc., 
wliich is made 8ligl)tly smaller than the wheel to 
which it belongs. By heating the tyro it expands 
Hufiiciently to allow it to be placed in position, and 
its contraction on cooling holds it firmly in place. 

Shrond (Eng,) A flange connecting the ends of 
the separate teeth of a gearwheel. A Full Shboud 
is one whose depth is equal to that of the teeth, 
so that the latter do nob project at all. The wheel 
gearing with the fully shrouded one will therefore 
have no shroud. A Half Bhuoud, or flange of half 
the depth of the teeth, may be employed in the case 
of both wheels. A shroud increases the strength 
of the teeth to a very considerable extent, but is 
difficult and expensive to cast, and the teeth cannot 
bo cut or finished by the aid of rotary cutters. The 
term ** shroud '* is also applied to the fianges which 
support the floats of a waterwheel. 

Shrouded Wheels (Eng.) Toothed wheels pro- 
vided with a BiiltoUD (q.v.) 

Shunt (Elect.) A branch conductor or circuit 
connected in parallel (q.r.) with another or main 
circuit between two given points. The current 
divides itself between the two branches in propor- 
tion to their conductivity. A shunt may be used for 
various purposes, e.g. to draw* off a pt)rtion of tlie 
main current for .some specific piirix>se, us in the 
fShunt Dynamo (.q^r.)^ or merely to reduce the current 
in a part of the main circuit, as in the case oi a 
galvanometer. In this instance a shunt is used 
when the current is too largo to be passed through 
the instrument with safety, or too large to give a 
rcwlable dcticction. If G be the galvanometer re- 
Bi>tan<‘e, S that of the shunt, the fraction of the 
current whicli passes through the galvanometer is 

u 

It is usual, where the amount of the 

S + U 

current has to be found, to make K 
G, when •!, '01, or *001 of the main current pusst^s 
through the instrument. The factor by which the 
current through the galvanometer must be multiplied 
in order to obtain the total current is often termed 
the MULTlPLYlNa POWKB OF THU SHUNT. 

Shunt Dynamo (Eled. Eng.) See Dynamo. 

Shunting (Elect. Eng.) Providing or using a 
Shunt (q v.) 

(Railway h). Diverting rolling stock from 

one set of rails to another. 

Shunt, Multiplying Power of (Elect.) *See Shunt. 

Shunt Wound Dynamo (Elect. Eng.) See 

Dynamc*. ' 

Shutter Weir ( Civil Eng.) A weir consisting of 
panels or shutters turning about a hoti/.ontal hinge, 
usually placed a little above the centre* When the 
weir is clo9*’d, the top of the shutter is inclined 
down stream, and the bottom rests against a sill or 
ledge in the bed of the stream. 

Shutting (Efig.) Closing up a joint by welding 
or hammering. 

Shuttle (WcoHng). An oblong shaped hollow 
receptacle with pointed ends, used in the loom for 
carrying the weft backwards and forwards through 
the shed (q.v.), so that it may inteilace with the 
warp threads and form woven cloth. The principal 


woods of which it is constructed are boxwood, comelt 
persimmon, and apple-tree. In the hollow part of 
the shuttle is fixed a tongue or peg, on to which the 
cop, pirn, or quill, containing the weft is slid. The-- 
reciprocating movement of the shuttle is effected by 
the “picking motion** (q.v.) The weft thread from 
the cop, pirn, or quill is passed through eyes in the 
shuttle, in order to regulate the tension. See alar 
Loom, Shuttling, and Sley. 

Shuttle Box ( Weaving). An enclosure or terminus 
at each end of the shuttle race, from the one to the 
other of which the shuttle is ejected and received, 
and in wliich the picker or driver works for pro- 
pelling the shuttle. A bulging steel spring fitted at 
: the side of the box serves to neutralise the force of 
' the shuttle when entering. See Shuttle. 

Shuttle Guard (Weaving). A thin wrought iron 
rod the w’idtli of the sley top, and to which it is 
affixed in order to reduce the chances of a shuttle 
tiding out of shed. 

Shuttle Machine, Schiffle (Lace Mannfao.) That 
form of Swiss embroitlery machine wherein a series 
; of needles and shuttles are employed, constituting 
j it a very speedy machine. 

I Shuttle Protector (Trsai?iw< 7 ). An attachment to 
! a loom for preventing traps, in case the shuttle fails 
j to reach the shuttle box. Two kinds: (1) Loose 
j reed ; (2) Fast reed. 

j Shuttle Race or Trashboard ( Weaving). A long 
! narrow board fixed on the ufq)er part ot the sley,. 
i and on which the warp threads of the lower part of 
the shed rest. The shuttle traverses the shuttle 
race when passing through the sh.ed. The shuttle 
race should be made of short grained hard wood, 
well seasoned, so tliat it will neiiher split nor warp,. 
! and it must have .a smooth surface. See Loom. 

Shuttling ( Weaving). The method of controlling 
tlte hhuttlos or briiipng tlie requLsite shuttle and 
I kind of yarn into position for the successive sheds in- 
. weaving. See Loom. 

i Si (Chem.) TLe symbol for Silicon (q.r.) 

1 .{Mueid). The Sol Fa name for B. 

Siccative (Dec.) See Dbiebs and Patent Dbiebs,. 

Sicilian (Textile Mannjac.) A fabric which is 
similar, os regards materuds, to mohair lustre, but 
thicker weft used, in order to produce a matted 
appc'arance. 

Sickening (Mining). Flouring (q v.) 

Side Chains (Chew.) Whoa an aliphatic re.sidue 
enters in any position as a substituent in a ring 
0 m pound it is called a side chain. t 

£th>l benzene 

C . CH.,C1I, 

no X cii 

CH 

here the group called tho side chain. 

Side Chisel A chisel with tho 

cutting edge at an angle other than a right angle 
with the blade. Used in wood turning. 

Bide Drum (Mvsir), See Musical Instruments, 
p. 444. 

Side Elevation* An external view or drawing of 
the side of an object. 
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Bide Lever Engine (AW) An obsolete form of 
beam engine (see Btbam: Engine), with the beam 
placed low clown, near the base plate. It was one 
of the earliest forms of marine engine. 

SidenoteB (Typog.) Notes placed in the mai'gin 
of a page as distinguished from footnotes. See 
Notes. 

Bide Rabbets ( Ca/rp. and Join.) Planes for planing 
the right and left hand sides of grooves. 

Bidereal Day (Astrofi.) The interval of time 
between two successive passages of a fixed star over 
a given meridian. 

Bidereal Month (Adron,) The time it takes the 
moon to make her revolution from a given star to 
the same star again, as seen from the earth’s centi*e. 

Bidereal Moon (A^ron.) See Ridebeal Time. 

Bidereal Time ( A stron .) The sidereal hour is ^ th 
part of the sidereal day (q.v,') The time is reckoned 
from sidereal noon, ix. the instant \\heii the vernal 
equinox is on the meridian. It is the hour angle 
of the vernal equinox or the right ascension of the 
observer's mericlian. 

Biderlte (Geol. and Min.) (1) A synonym for 
Chalybite (q.tf.) (2) A term sometimes applied to 
the nodules of clay ironstone commonly met with 
in connection with the shales of the Carboniferons 
Hocks. 

Biderography (Engroiv.) Literally, the art of 
engraving on steel or iron, but more esi)ecially a 
method of engraving effccu'd on soft steel plates, 
which arc subsequently hardened and the design 
transferred to a soft steel roller, which is in turn 
hardened and used for printing from. 

Biderostat (Astrmi.) A form of instrument com- 
posed mainly of a refiector and a driving 

clock, for reflecting the light of any celestial object 
horizontally in a southern direction. Gencnilly usc*<l 
in conjunction with a telescope mounted horizontal] v. 

' Bidestlck (^Jfog.) A narrow piece of furniture, 
straight on one side and tapering on the other. It 
is placed at the side and at the foot of pages, 
so that a space is left l^ctween it and the chase in 
which the quoins may be driven with'tbe mallet and 
shooting stick when locking up. 

Bide Tank (^ig.) A water tank placed along the 
side of the boiler of a locomotive ; used chiefly in 
small engines such as contractors' locomotives. 

Side Tool (Eng,^ etc.) A tool whose end Is bent 
round or so formed that the cutting edge is parallel 
to the axis of the tool. 

Siege (Glass Manu/ac.) The floor or bed of the 
furnace. 

Siemens-Maptin Ppocess (MeQ See Ibon and 
Siemens 1’bocess, 

Siemens Process (Met,) The production of steel 
from pig iron by means of an open hearth process in 
11 reverberatory furnace. The j)ig is mixed with a 
suitable proportion of scrap steel or malleable iron, 
melted in the furnace, and spiegel or ferromanganese 
(q^v,) afterwards added. In a modification of this 
process the ]>ig is fused with iron ores rich in oxide 
of iron; while in the latest form, teraied the 
Hiemens-Mabtin rBOCBBS, both iron ore and scrap 
iron are used. The furnace is of the regenerative 
type (q.v.)t the charge being melted by the com- 
bustion of the gases in the chamber of the furnace ; ^ 
by proper regulation of the supply of air, the gases 


may be caused to exert a reducing or an oxidising 
(‘.Sect on the metal, or may be rendered neutral, so 
as to have no direct chemical effect whatever. 
Impurities of the pig iron such as phosphorus may be 
removed in the form of slag by providing a furnace 
lining of dolomite Qg.v.), and thus steel may be 
obtained ready for casting. See also Metallubgy. 

Bieve. A screen of mesh work composed of 
various materials and various degrees of fineness (i,e. 
size of opening) according to the particular purpose 
for w'hich it is required. In assaying, crushed ores, 
etc., are caused to pass through a sieve of eighty or 
more meshes to the linear inch. 

Bight Feed Lubricator (£htg,) A lubricator in 
which the supply of oil is visible to the eye. 

Bight Holes (Met., etc,) Openings through which 
tbe interior of a furnace can be seen. 

Bigillaria. The name given to certain forms of 
plants found in coal formation ; so named from the 
seal-like markings in their stems. They liave no 
representatives in modern vegetation, 'ilieir roots 
are known as Stigniaria, 

Bignal, Holmes*. See Holmes' Signal. 

Signals and Signalling (Jtaihvays), See Rail- 
ways. 

Signature (Mv^tic), The signs at the beginning of 
a mubical composition. Signatures arc of two kinds, 
the key and the time, (i^ Key Bignatubb and 
Time Bignatube.) When a change of key signature 
occurs in a compositiou it is usual to cancel so much 
of the former signature as is not required. In 
Beethoven’s Sonata in Bfj, Op. 106, tbe following key 
signatures occur in the fugue for three parts : 


37 32 26 13 



(Typog,) A letter or figure placed in 

the white line at the foot of the first page of each 
sheet (or half sheet) of a book, etc., to serve as a 
guide when the sheets are being folded, and to 
indicate tlieir order. It also serves to icientify a 
particular sheet. 

Bigns of the Zodiac (Astron.) Signs named after 
the constellations which occupy the Zodiac, a portion 
of tbe heavens extending nine degrees on either side 
of the ecliptic, in which the snn and major planets 
perform their annual revolutions. 

Bilent Feed (Any.) A substitute for a ratchet 
wheel and jiawl for actuating tbe feeding mechanism 
of circular saws, etc. A form of friction clutch acts 
on a plain disc, tbe clutch gripping the disc during 
its forward movement and releasing it when drawn 
baok, thus producing an intermittent rotation of the 
disc which is analogous to that of a ratchet wheel, 
but free from noise. 
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Bilhouetta. (I) A portrait or other drawing in 
profile, the outline being generally filled in with 
black ; sometimes cut out from the material on which 
It was sketched. (2) The outline of a solid body, 
s./;. the silhouette of a range of hills: the skyline. 
(3) A figure cast by a shadow on a wall. 

Silica iGeol\) Silicon dioxide in one form or 
another, or in combination as silicic acid with various 
bases, is the most important constituent in the Earth’s 
crust. See Siugatbs. 

{Min,) A term used to include the three 

species Quartz, Tridymite, and Opal; though most < 
frequently it refers to Quartz. j 

Bilica Bricks* Firebriciks composed chiefly of | 
silica are often used in the parts of furnaces which ; 
are exposed to intense heat, but not in contact with j 
fluxes or molten metal. See aXeo Bricks. > 

Bllicate or Blag Wool. Slag which has been , 
formed into fine fibres resembling wool by allowing ‘ 
steam to play upon a jet of molten slag ; it is a good ! 
non-conductor of heat, and is used for covering steam | 
pipes and for similar purposes. | 

Bilioates {Climi,) Salts of the various silicic I 
acids. See SILICON COMPOUNDS, I 

j 

{Oeol.) Native compounds of silicic acid I 

with various bases. Most of them are formed in i 
connection with either emptive rocks or else with ! 
hucb moUmorpbic rocks as gneiss Having | 

regard first to their mode of origin, the silicates may | 
be grouped under three primary categories : (1) ; 
Those whieh are the original constituents of eruptive j 
rocks. (2) The silicates of secondary origin which I 
are developed in situ as a consequence of meta- | 
morphic action. (3) Silicates arising from the solution 
of certain minerals in one place and their redeixisi- 
tion, usually in the hydrated condition, in another. 
High temperatures and pressures prevail during the 
formation of the two former, and low pres.'^ures and 
teniperaiui-es during the formation of the lost. The 
siliciites wliich are of chief importance from a 
geological point of view are : {a) The Felspars and ! 
Felspathouls, which are silicates of aluinina and of i 
\ariouB alkalies or alkaline earths. Muscovite and ! 
Ihe Micas allied to it are closely related to these. 
(h) The ferromagnesian silicates, which comprise i 
the Amphiboles, which include Hornblende; the ; 
Pyroxenes, of which Augite is a good representative ; : 
Biotite and the Micas allied to it ; and Olivine, with j 
which may be included several clo.sely allied species. , 
{e) The Zeolites an<1 the minerals usually classed ! 
with them. See aUo PRiiCious Stones (III.) 

Bilieeooi Depoilts {GcoL) Three classes of j 
siliceous deposits occur; (1) Those which arise i 
directly from the tests of radiolaria or the spicules I 
of sponges left on the ocean floor. (2) Siliceous 
deposits from geysers and hot springs. (.3) Secondary 
deposits of silica, usually chalcc< Ionic in character, 
due to the solution of diffused siliocous particles, such 
as sponge spicules, in stratified rocks, and its re- 
deposition as ohert or flint. To these might be added 
a lourtb, which arises from the decomposition of 
silicates, and its rodoposition at lower levels. 

BUioeoas Iron {Met.) Silica in iron produces 
effects analogous to those of carbon ; the iron is 
brittle and unreliable if the silica exceeds a very < 
small amount. 


Bilioeoni Sinter {Geol,) Spongy deposits of 
opaline silica, deposited, largely through toe i^on 
of bacteria, on the surface of the earth around the 
mouth of certain hot s])rlngs. These deposits, being 
closely associated with geysers, have been termed 
Geysbbite. 

Silicon {Chem,) Bi. Atomic weight, 28*4. An 
element belonging to the same group as carton in 
the periodic system; it can be obtained, like 
carbon, in an amorphous and in a crystalline form. 
Amorphous Silicon is a maroon-coloured powder ; 
melts only in the electric furnace ; insoluble in acids, 
except a mixture of hydrofluoric and nitric ; soluble 
ill alkalis evolving hydrogen and forming silicates ; 
bums in oxygen, forming silica. It is obtained by 
heating pure silica with magnesium powder and 
magnesium oxide in a fireclay crucible, and purifying 
the product by w’^ashing with hydrochloric acid to 
remove magnesium oxide, and with hydrofluoric and 
sulphuric acids successively and repeatedly to remove 
silica, and finally with water. Another form of 
amorphous silicon is obtained when sparks from 
an induction coil are made to pass either through 
liquid or gaseous silicon hexahjdride; it reduces 
solutions of copper sulphate, mercuric chloride, and 
potassium permanganate. CRYSTALLISED Silicon : 
Silicon crystallises in six-sided plates or in. needles ; 
the crystallised form is more stable towards reagents 
than the amorphous form. It is obtained by heating 
silica with excess of aluminium in the electric 
furnace, when the liberated bilicon dissolves in the 
metal and crystallises out on cooling; the product 
must be treated successively with hydrochloric and 
hydrofluoric acids to remove aluminium and silica. 

{Min,) This element docs not occur native, 

but in combination as the oxide, silica, it is very 
abundant, the anhydrous form being Quartz; the 
hydrous, Opal. A mixture of Quartz and Opal con- 
stitutes Chalcedony. There is a rare form of the 
J anhydride, called Tridymite, which occum in minute 
hexagonal plates. Bilicon combined as silicates is 
very abundant; the numtor of different silicates 
known in mineralogy is over tw'o hundred. 

Silicon CompoundB (rZ/rw.) Hydrides; Bilicon 
tetrah^dride, B 1 H 4 , is a colourless gas ; toils at about 
— 110 ®; decomix)sed into its elements when heated; 
e.'isily takes fire in air on warming or even on sudden 
reduction of pre.ssurc ; decomposed by caustic potash 
solution, BiH^ + 2 KOH + Il.p ■= K^SiO, -r 411^ It is 
obtained mixed with hydrogen and the hexahydride, 
and spontaneously iii^ammable by the action of 
hydrochloric acid on a heated mixture of magnesium 
aud bilica (magnesium sllicklc), 

BiMgj + 41101 = Sill, + 2MgCL 
It is obtained pure by the action of sodium on ethyl 
orthosilicoformate, 

4H . Bi(()C,n 4 ), « SiH, + 3Bi(OC,H*),. 
SILICON Hexahydride, Si.^U„ is a colourless liquid ; 
boils at 62®; it is Bp< uittitieously inflammable in air ; 
behaves as a reducing agent. It is obtained along 
with the tetrahydrido and hydrogen ns above; the 
product of the reaction is cooled by liquid air when 
the hydrides solidify ; or melting, the tetrahydiide 
csca^ies. Bilicides: Carbon silicide, C 8 i (Carbo- 
rundum), is a colourless cr>-stalline solid ; very 
infusible; nearly as hard as diamond. It is made 
on a large scale by heating together for a long time, 
in a specially constructed electric furnace, glass 
sand, coke, sawdust, and a little salt. It is used 
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for grinding and boring, in steel makjfig^ and as a 
refractory material in the constmetion ox high tem- 
perature Varnaoes, The metallio silicides are made 
by heating the metal and amorphous silicon together, 
or by heating the oxide with sUioa and carbon, in 
both cases in the electric furnace. They are hard 
ciystalline solids, not easily attacked by reagents; 
but when the metal decomposes water at the ordinary 
temperature the silicide does so too. The silicides 
ot the alkalis and alkaline earths yield hydrides of 


by hydrochloric acid, a gelatinous precipitate results 
if the solution is strong, bub a clear liquid if the 
solution is weak ; in the latter case, if the clear 
liquid be dialysed, a colloidal solution is obtained. 
A gelatinous precipitate is also obtained when silicon 
tetrafluoride is passed into water. These products 
have very feeble acid properties, and are oompounda 
of silica with water. Products of the composition 
ll^SiO^ and IL^8iO,, corresponding to orthosilicic acid 
and metasilicic acid, linve been obtained from these 


silicon when acted on by hydrochloric acid; e.ffs 
^Icium silicide is said to give silicon acetylene, 
with dilute hydrochloric acid; lithium silicide 
gives the hexahydride, and magnesium silicide acts 
as above, Silicon Fluobidje, SiF^, is a colourless 
gas ; solidifies at —97°, and volatilises without melt- 
ing; fumes strongly in air. It is decomposed by 
water to silicic and hydrofluosilicic acids, iiee 
Hydbofluosilicio Acid. It is formed by the 
action of fluorine on silicon or silica, and by the 
action of hydrofluoric acid on silica; usually it is 
prepared by heating a inixturo of powdered glass 
and fluorspar with concentrated sulphuric add. 
Silicon Culobidb, SiCl^, is a colourless liquid ; 
boils at 55P; it fumes in air, and is decomposed 
by water, HiCl^ + ^IJ^O — H^SiO^ + 411 Cl. It is pre- 
pared by i>as.siiig dry chlorine tjvcr a very strongly 
heated mixture of carbon and silica, Hilicon tri- 
chloride, SijCl^, boils at 14()°,and begins to dissociate 
at 350°; the dissociation is complete at 8tX)° ; quickly 
heated to above 1,000°, the substance is said to be 
again stable. It is obtaincfl by heating silicon in 
the vapour of tlie tetrachloride." Silicon Chloro- 
form, SillClj,, is a colourless fuming liquid ; boils at 
34°; veiy inllamiuatde ; with alcohol it forms ethyl 
ovthcsilicoformatf, II . Si(OC 2 H,i)j. Tt is obtained In 
heating silica with powdered magnesium to obtaiti 
silicon and heating the product in a current of 
hydrochloric acid gas; the liquid lesulting is 
purified by fractional distillation. Silicon Oxidi: 
or Silica’ SiOj, is met with in amorplums, vitreous, 
and crystalline forms ; it is only fusible at the tcin- 
p^trature of the oxy-hydrogen flame ; it is very stable 
towards reagents, among aci<ls only hydrofluorir- 
attacks it (gee imder M/r Fluoride) ; alkalis attack it, 
forming silicates, SiO^ 21x011 = K,SiOj + 11^0; a 
few other actions are described ab(j vo. ' WlKiri melted 
it can be drawn out into threads so fine that they 
make excellent suspensions in physic'al instruments ; 
it can also be blown like glass, and quartz vessel 
are much used as tubes, flasks, thermomclcrs, because 
they can be heated and raphlly cooled without fear 
of crat'king,and are less acted on than glas^ by manx 
substances. I*ure amorphous silica may be made 
from sand or any insoluble silicate by fusion in a 
platinum crucible with six times its weight ol fusion 
mixture to form sodium and potassium silicates: 
the fused mass is extracted with water, filtered, 


compoun<ls of silica and water; but they are so 
unstable, changing in composition with small 
changes in temperature and even on exposure to 
air, that it is doubtful if as jet these acids have 
been prepared. Silicates may be regarded as 
derived from orthosilicic acid and its anhydride, 
metasilicic acid, nr from di-, tri-, etc., silicic acids, 
and their anhydrides. Kxamples: 

Olivine, Si Wollnstonite, SiO )> (’a. 




V >o / .. Bi.-O' 

^erj^ntine. TeialU* — from the ajiby- OrtbocluM - from 

dridc of dieilicic acid. iiii hydride of tri- 

ailicio acid. 

An alternative way of writing formulaj for silicates 
is to represent Iheni as c.()in]:>ounds of silica with the 
various mcdallit^ oxides, r.j;. on ihis plan olivine would 
be written 2Mgt) . SiO^ ; orlboclase, K^O . Al./), . 6Si( L 
Belated elcnif*nts can often in part replace each other 
in the.se silicates; in these eases the mutually re- 
piaccablc elements are written in brackets. Many 
cxample.s of important silicates w'ith their formulae 
w'riltcn on the latter plan are given in the article on 
I’rectous Stones (y.r.) Many organic compounds 
of silicon arc known. 

Bilk, Artificial. Cellulose and Wood 

ruLR. 

Silk Spinning and Weaving. Hilk i.s a fine soft 
thread i)roduccd by the larva of the Boiubyoid moth, 
of wliich there are several sfveies. Tiie one gener- 
ally cultivated, and from which the world’s silk crop 
is chiefly derived, is the Jiowhyte Mori^ or oommon 
silkworm. The eggs are about the size of a grain of 
mustard seed, of a bluish grey colour, and the larvaj 
or w^orms are batched at the time of year when their 
natural food, the loaves of the mulberry tree, are 
making their appearance. Al)ont a quarter of an 




.VI. Li, 


^erj^ntine. 


acidified with hydrochloric acid, «;vaporatefl to diy - 
nese, and beateci. There now remains a mixture of 
silica and sodium and potassium chlorides; the 
latter are extracted with water, and the silica 
dried. When silica is fused it solidifies in the 
vitreous form. Silica occurs naturally in very 
many form.s. Rand is often nearly pure silica ; 
other examples arc: OryxtalVme : Quartz, Amethyst, 
Tridymile. tit mi-crygtalline : Chalcedony, Carue- 
lian. Agate. AmoTphmtg : Flint, Chert, Touchstone. 
Hydrated ; Opal, Hydrophane, Kieselguhr. Rilicic 
Acids ‘. When a solution of .sodium silicate, obtained 
by fusing pure silica with sodium carbonate and 
extracting the fu.sed mass with water, is decomposed 


inch in length when hatched, the worm attains its 
full size, nearly three inclK*s, in six wtieks or rather 
nu)re, according to the temperature in which it is 
reared. During this time it changes its skin four 
times, at each of which periods it becomes lethargic 
and refuses to eat. When prepared to spin, tlie 
worm selects a convenient nook or angle, and 
beginning at first with h)ose supporting threads, 
it gradually winds around itself an increasingly dense 
oval shaped ball of white or golden yellow coloured 
silk called the co(’Oon, Completing the process in 
three to five days, it passes into the chrysalis stage, 
in which it remains from fifteen to thirty days, 
according to climate. The chrysalis is then trans- 
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formed into the mot^, which emerges from Uie 
cocoon by first moistening and then poshing aside 
the surrounding filaments. In this form it exists for 
a few days only, during which time the female 
deposits its eggs, varying from two hundred to five 
hundred in number. Although the moth in forcing 
its way through the cocoon does not eat or sever the 
threads, it injures the silk to some extent, and 
renders it difficult to reel. J'o prevent this the 
cocoons (with the exception of those intended for 
breeding purposes, which are carefullj’ selected and 
placed aside) are subjected to treatment by he.at, 
either in j.he form of steam or hot air, which 
destroys the vitality of the chrysalis. Reeling: 
To reel the silk the cocoons, having Vjecn first 
stripp^l (j£ the outward floss, are plac^ed in a copper 
trough containing soft water heated to a degree 
sufficient to soften the natural gum and enable the 
thread to unwind freely. The reelable tliread of the 
cocoons having boon found, four or more ends, 
according to the size required, are taken and ])1aced 
together, and uniting by means of the natural gum. 
form one thread. This j)aKses through a succession 
of guide eyes, and returning to its first direction, is 
crossed and intertwisted on itself, causing a pressure 
which condenses the filaments into a compact, round, 
smooth tliread, which passes on to a revolving reel. 
(Jrcat care is required to rapidly replace a filament 
should one break or run out, this being done not by 
a process of tying, but by simply pttachiiig it to the 
thread in motion, to which it adh(‘res by n;ason of 
its wet, gummy condition. Crude methods and 
carelessness iu reeling are responsible for the iu- 
bn’iority of the bulk of Ahiatie as compared with 
Eiiropcfin silks; but ilie “Kilatcrk” Silks <>f 
Cliina and Japan, so called when reeled by European 
machinery and methods, Ciinnot be excelled for 
beauty and evennes.s\ Throwing : J'he reeled 
thread, termed ** Raw Silk,” receiv<*d by the 
thruMster in largo hanks. It is first divi<kid into 
smaller hanks, then sorted into grades of size and 
w'ouud on bobbins. It is again rewound on other 
bobbins, the thread p:jssing through a cleaner, a 
narrow op<’ning between two blades sufficiently large 
to allow the passage of the, thread, but sto])ping it?' 
jirogress when lumps or nibs present themselves. 
If for Obganzink, the bcibbins, which are made to 
revolve, are pla<'cd in an upright position in a spin- 
ning machine, the thread is conducted through an 
{‘ve, ivound round an upright wire two or three times 
to give umsion, and in passing <m to another bobbin, 
rec<‘ives usually about lift<‘en twists or turns to the 
inch. 'J’he.so bobbins then pass to the doubling 
frame, are again placed in an upright [wsition, but 
do not revolve, the threads being taken from them by 
means of an eyelet at the end of a revolving w\tv., 
usually two, but sometimes three, threads passing 
together on to one bobbin. The bobbins containing 
the double or tnddod thread are then ]»laced in the 
throwing machine and wound off into skeins, either 
for ordinary or for, Grant reel, the tliread receiving a 
certain number of turns per inch, according to tbt» 
fabric for which the silk is intended — about eleven 
turns if for satin faced fabrics, more if for erfipe, 
gauze, umbrella silks, or other fabrics where the 
mrp threads are subjected to much friction in the 
prooeae of weaving. For Tram the singles get no 
twist ; the reeled thread is wound and then doubled, 
receiving only a slight spin. After throwing, the 
skeins are weighed, and the length of the skein 
bhing known, the size of silk i.s determined by the 
w'eight of each skein according to length. The term 


** silk spinning is also used in connection with ttia 
utilisation of the waste silk made in reeling, windhigr 
and throwing. Fully 30 f)er cent, of the produce oi 
the silkworm Can only be treated by this metbod<- 
I The waste silk is combed into short lengths or drafts 
I from 2 to 6 in. in length. The ends are laid carefully 
1 over each other and, passing through a series of 
j combs and over a drum, are drawn out into a lap of 
! about 2 yards in length. These lengths are again 
laid continuously over each other, and passed over 
i rollers and through combs, being d rawn out eventually 
into a sliver or tape of several hundred yards. After 
this ti eatment the spinner is able to pass the silk on to 
! a bobbin by the ro\ ing process, ns generally employed 
in cotton spinning. The subsequent processes corres- 
j pond very nearly to those used in cotton or wpol 
manufacture. Weaving : With the exception of a 
few fabrics woven in the grey or gum state, silk is 
dyed in the skein before weaving. It loses about 25 
per cent, of its weight if dyed *• soft ” or “ bright,” 
by the extraction of the natural gum in boiling off, 
and about 12^ per C(‘ntrlf dyed “ souplc.” • There is 
no loss if dyed “ harfl.” It is then wound on bobbins, 
the organziue being warped into the required length 
and count, and afterwards spread upon the cane or 
warp roll by a process called “ beaming,” In low 
counts warped by power, the warping mill is dispensed 
with, the silk passing direct from the creel on to a 
drum from which it is beamed. The warp is then 
placed in the loom, and the threads “entered” or 
’ passed one by one through the loop or eye of the 
•^haft in plain, or of the maillc in figured harness, 
and afterwards drawn in sections through the inter- 
stitial spaces of the reed. In the case of a harness 
' through which a cane has just been finished, the new 
warp is joined thretid by thread by a process of 
“ twisting ” to abt)ut a yard length of the i)revious 
warp left in it. termed a “ thrum,” The art of weav- 
ing in its most primitive state consisted of picking 
up the warp threads with the fingers and interlacing 
: them with the weft, but as science advanced the idea 
was coTiccived of raising a section of the warp by 
' means of a heddio, thus obtaining a shed or opening 
for the w^eft to pass through, and it is at least 
probable that the w’eaving of linen and woollen 
cloths by tlie latter method was practi.sed by the 
. ancients ages before they had any knowledge of the 
possibility of spinning a wcavable thread from- the 
priMluct of the silkworm. The plain Hand IjOOM, 
which still retains much of its original simplicity, is 
' a w'uoden strmdure I’.oiisisting of four posts so placed 
as to form a rectangle, and framed together at top 
with beams. It is usually about 6 ft. in height, 

. (> ft. 0 in. in lcngt.li, and 4 ft. C in. in width for cloth 
! 36 in. wide or less. At one end, supported in clamps 
attached to the posts, the wrarp roll is placed ; at the 
opposite end is the cloth beam or breast roll on 
which the woven silk is w'ound, the harness is placed 
about 15 in. from the breast roll and suspended from 
levers (termed Tumblers or Tiplers) at the top of the 
loom, and attaclied by conhs to other levers beneath, 
called long and short l.ames. Between the harness 
! and the breast roll is the batten carrying the reed. 
The shed is obtained by the weaver pressing his 
feet alternately on treadles which, acting upon the 
harne.ss, raise certain heddles whilst depressing 
others ; simultaneously wdth such action he pu.she8 
back the batten with one hand, throwing the shuttle 
through the shed with the other, the return action of 
I the batten causing the reed to beat up the weft to 
the required number of picks per inch. In many 
1 narrow works, and always where the fabric exceeds 
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66 in. in width, the fly batten is used. In figured 
weaving, a mounture or figured harness replaces or 
supplements the plain harness. The working of this 
was at one time a slow, labonous method, requiring 
in addition to the weaver who raised the ground 
harness and threw the shuttle a lad called a *' draw 
bo}’,'^ who worked a machine at the side of the loom 
and obtained the shed for the figure by drawing in 
their required order of succession lashes attached to 
the mounture cords. The arranging of the lashes 
and cords for a particular pattern was a long and 
expensive operation frequently occupying many 
months before weaving could begin. A great revolu* 
tion in figure weaving was effected by J. Si. Jacquard, 
of Lyons, who in 1801 patented a machine which, 
placed on the loom and attached to the mounture, 
cnaided the weaver to obtain the shed for figure and 
ground together, thus dispensing entirely with the 
services ot tiie draw* boy. Its action is controlled by 
perforated cards, laced together in an endless band, 
which pass over a cylinder and act in succession on 
the points of a set of horisontal wires called needles, 
connected with which are perpendicular hooks 
attached to the neck cords of mounture. Where the 
cards arc perforated, the needles stand forwranl. 
enabling inetal blades called the griffc, when raised 
by weaver depressing the treadles, to catch corrt*- 
sponding hooks, thus drawing up the warp threads 
in mounture and creating the shed. Simultaneously 
with the shedding motion the pressure of the card 
on the needles is removed, allowing the latter where 
driven back by the blank spaces in the cards to be 
returned to their position by moans of small bra.ss 
springs placed behind them. With the return of the 
griffe a fresh card is brought to boar on the face of 
the needles. The Jacquard for .silk weaving usually 
contains 40S or 612 hooks, needles, and springs, the 
number of possible perforation.s in the cards corre- 
sponding. The roWKB Loom, the invention of 
which dates back to 1785, was not adapted to any 
extent to the weaving of silken fabrics until many 
years later, it being thought that silk, owing to its 
fine dcli«*ate texture, could only be successfully 
and profitably dealt with by the hand loom weaver. 
Constant improvements, however, in the various 
parts of the mechanism, particularly of the sbe<lding 
and picking motions, in the manipuLation of liie 
warp, tlic adaptation of improved Jacquards and 
swivel battens for figure<l fabrics, have renderetl the 
u|.>-to-daie i)ower loom capable of weaving the most 
beautiful and elaborately figured, as well a.s the 
simplest, plain silks to perfection, and with the 
exception of a few exceedingly rich qualities, of 
which only .short lengths are requirtul it has super- 
seded the hand loom. The mechanism of the power 
loom comprises various makes and ])at enth, many of 
them equally good, but the motions they control are 
essentially the same as in the hand loom, viz. (1) the 
creation of the shed by the raising and depressing of 
certain heddles in plain weaving, or by the rai.sing of 
certain hooks of Jacquard in figured weaving ; (2) the 
propelling of the shuttle carrying the weft through 
the shed ; (6) the beating up* of the weft by means 
of the reed carried in the batten ; and (4) the taking 
up of the cloth when woven. Tlie construction of 
the power loom is more compact than the hand loom, 
the warp roll is placed much nearer the harness, no 
long p<jrry being required for picking and cleaning 
the silk, this having been done before the warp is 
placed in the loom ; the batten Instead of swinging 
from the loom top is attached to and works on a 
pivot at the base of the loom, the shuttle race and 


reed being thus at the top of the batten. The shuttle 
is much lai^er and heavier than used in hand loom, 
giving steadiness when running at a hundred and 
i fifty or more picks a minute, and by accommodating 
! a large pirn or bobbin, enables the loom to run for a 
' longer period without stopping for renewal of supply 
. of weft. A delicately adjusted weft fork, placed 
; between the shuttle box and edge Of cloth, feels for 
' the weft thread at each pick as it enters the shuttle 
I box, stopping the loom should it break or run out. 
The Shed is obtained by the following motions ; The 
tappet or eccentric for the simplest form of plain 
cloth, the dobbie for other plain cloths such as 
twills, satins, checks, etc., the Jacquard for figured 
weaving. The cloth when woven is wound on cloth 
• roll by a set of change wheels of different sizes,^ which 
by careful adjustment take up the cloth and regulate 
the number of picks required, a compensating appli- 
ance acting on batten keeping the cloth of an even 
thickness when weft is irregular. Silk fabrics, with 
the exception of those having a pile surface, such as 
velvet or terry, are woven face downwards.— F. W. 

Sill (/ftti/if.) (1) The lowest horizontal member 
of a window, door frame, partition, etc. (2) The 
stone at the bottom of a window or a door opening. 

( (Wl Eng.) Tlie horizontal member forming 

the floor, or lowest margin of the opening, of dock 
gates, et<*. 

( Geol.) A term now generally applied to an 

intrusive sheet of eruptive rock, such, for example, 

. as the Whin Sill of the North of England. It differs 
' from a I^ccolite iq.v,) in the fact that a Sill does not 
occupy the position of a bedding plane. 

(1) The floor of a gallery or 

passage. (2) A flat mass, le<]ge, or surface ; in parti- 
cular, a flat ma.s.s of liard rock. 

Sillimanite {Min,) Sfe Akdalt7.site. 

Silo, nice Ensilage. 

Silurian System A name applied to the 

great group of marine sedirrients whioh lie betwcf^n 
the Devon bin Kock on the one liand and those of 
Ordovician Age on the other. As now classified in 
accordance with the nature of their fossil content., 
they consist of {Ij the Downtonian Bocks, below 
which are (2) the Salopians, which in f lieir turn over- 
lie the Valentian Bocks. In Westmorland their 
aggregate thickness is fully 12,000 feet. 

Silver (Cfiem.) Ag. Atomic weight, 107i). A 
wbiW metal ; crystallises in regular forms, such as 
the cube and octahedron ; melts at 1161® ; boils at 
2,050®; very malleable and ductile, capable of taking 
high polish ; the be.st conductor of heat and elec- 
tricity. Very thin films transmit blue light. 'Melted 
' silver dissolves oxygon ; 1 volume silver (1is.so1ves 
about 20 volumes oxygen ; on solidifying it gives 
up the dissolved oxygen, and this gives rise to the 
“ spitting” of silver, the escaping oxygen raising the 
solidified surface of the metal into fantastic shapes. 
Silver is not oxidised in air at the ordinary tempera- 
ture nor on lieating, but on heating in oxygen at. 
600° under a pressure of 16 atmo.spheres it is 
oxidised to the extent of 50 per cent. ; it unites 
with the halogens directly ; sulphuretted hydrogen 
and aqueous solutions of the alkaline sulphides 
; convert, it into sulphide, 

2Ag + Na^jS + 2Bfi = Ag^ + 2KaOH + Hj. 
Hydro(;hloric acid has no action, but hydrobromic 
1 and especially hydriodic acid dissolve it with 
liberation of hydrogen, probably owing to the 
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9 olability of silver bromide and ^ iodide in the re- 
spective acids. Hot strong sulphuric acid gives 
silver sulphate and sulphur dioxide. Nitric acid 
dissolves it readily. See Nitbic Acid. Allotropic 
forms of silver are said to be produced when silver 
solutions are precipitated by various reducing agents, 
e.Q. when silver nitrate is precipitated with ammonia 
iron citrate. These precipitates vary in colour from 
blue black to red. When dilute silver nitrate is 
reduced by hydrazine hydrate, a green form is • 
obtained in solution. By passing the electric arc | 
between silver poles under water a reddisli brown ; 
liquid is formed. (^See Enzymes.) None of these : 
forms of silver has been obtained pure, and the 
** solutions** arc probably “8u.spensions’' orily. Silver 
sometimes occurs native ; more commonly as Argon- 
tite i*yrargyrite Poly barite Horn 

Silver Many different processes are employed to 

extract silver from its ores : (1) Mexican Amalga- 
mation Process. Tlie ore consists chiefly of silver 
and silver sulphide. The process is worked where ■ 
steam and water power are not available. Tiie 
wetted ore is ground between blocks of porphyry 
lumed by mules ; mixed on a paved llo(tr (patio) 
with common salt by the trampling of mules ; mer- 
cury and a substance known os magistral (copper 
pyrites ioaste<l so as to make copper sulphate) are 
added, and these things well trampled in ; more . 
mercury is added, and the trampling continued ; but 
the charge (torta) is also turned from time to time 
with .shovels ; the trampling goes i>n till tiie requisite 
amount of mercury is amalgamated. This may take , 
some da 3 's. 'J'he mass is now washed with water in ! 
large vats provided by stirrers worked by mules 
'J'lie amalgam is filtered through canvas, pressed^ ‘ 
and distilled, when mercury pa.sRes over and silver is 
left belli nd. A recent explanation of the changes 
is that cuprous chloride is formed by double decom* 
po.sition betw'cen cupric sulphate and salt and reduc- 
tion of tlie cupric chloride by mercury ; the cuprous 
chloride then acts as an oxvgeu carrier. 

CuyCl, + 40 + Ilg + Ag.,S - Cu.,CI, + HgSO, + 2Ag. 
This explanation i.s offered because silver chloride is 
difficult to w'ork by thi.s process, and it i.s never found 
in the torta, and the author (Ortega) u.ses copper 
hypochlorite in place of cuprous chloride, which is 
much quicker in its action. (2) Where steam power is 
available the WA8H0E AMALGAMATION ritOCESH is 
commonly used. In this the ore is first well cru.sbed 
with water, then ground to a fine pulp in iron pans 
with water ami mercury, common salt and copper 
sulphate being added if desirable ; also, if the ore 
contains sulphide, sodium is added to the mercury to 
prevent formation of mercuric sulphide ; the pulp 
is washed by agitating it with water, thi.s allowing 
the amalgam to settle, while eart.hy impurities are 
washed away ; excess of mercury is removed by : 
pressing the amalgam in canvas bags, and then the 
amalgam is distilled in iron retorts, the silver re- 
maining behind in the retort. The crude silver is I 
melted and stirred with iron rods, so that oxidisable - 
metals are removed — some oxides, such as those of ; 
antimony and bismuth, volatilising, while others, ■ 
such as copper and lead, form a scum on the silver i 
which can be skimmed off. A considerable amount ; 
of silver is obtained from burnt pyrites. {See j 
-OOPPEB.) From the precipitated iodide the silver 
is easily obtained by reduction with zinc and hydro- 
ohloric* acid. Galena usually contains silver, and 
from the argentiferous lead obtained from galena the 
silver is extracted by Parkes* process, {^e Lead.) 
Commercial 8ilveb is always impure. To obtain 


Chemically Pure Silver many processes are 
available. Stas, in his atomic weight determina- 
tions, employed half a dozen distinct methods, and 
also distilled silver. The first pure silver he had was 
prepared by reducing a 1 per cent, solution of 
silver nitrate by allowing finely divided phosphoms 
to stand in it ; the metal, after standing some time 
in excess of a silver nitrate solution and being 
digested with aq aeons ammonia, was fused with 
borax and nitre ; it was quite pure. Another method 
which he used on a large scale, and which gave metal 
of “ extraordinary purity,” was to dissolve silver in 
boiling dilute nitric acid, evaporate to dryness, and 
melt. On cooling, the nitrate was dissolved in 
ammoniacal water and allowed to stand, then filtered 
and diluted till it contained not more than 2 per 
cent, of silver ; then a solution of normal ammonium 
.sulphite (prepared by passing sulphur dioxide into 
ammonia) was added in quantity such that on 
warming a portion of the mixture no blue colour 
remained, and the whole allowed to stand forty-eight 
hours in a well stoppered vessel ; this precipitated 
one-tliirdof the silver, and the rest is precipitated on 
heating at to 70®; the precipitate was washed with 
ammoniacal water till the washings neither turned 
blue on standing in air nor gave a precipitate with 
barium chloride ; the metal was then left standing a 
da.Y or two under concentrated ammonia, and finally 
washed witi» pure water. To get it in bar form it 
was melted in an unglazed porcelain crucible with 
5 per cent, of its weight of burnt borax, to which 
10 percent, of sodium nitrate had been added. 8tas 
di8tille<l considerable qoantitic.s of his pure silver in 
the arrangement shown in the figure. The block is 
of burnt white marble held together with iron bands, 
and is in two pieces, as shown by the sloping line ; 
it is 26 to 30 cm. long and 10 cm. wide, and total 
height 15 cm. ; the right hand hole admits the jet of 



an air coal-gas blowpipe to the roughly spherical 
cavity which serve.*? as retort; the opening connect- 
ing retort to receiver is 0*5 cm. high and as wide 
as the diameter of the retort (3 cm.) ; the receiver 
communicates with a vertical opening for escape of 
unconden.sed \apour. The silver distils ovei in 10 
to 15 minutes, and the retort, examined by a lens, 
shows no trace of a residue. PURE SILVER is not 
used for any ordin.'iry purposes on account of its 
softness. The silvei used for Ornamental Articles 
and for the coinage is alloyed witli copper ; the 
hardest alloy contains 4 parts of silver to 1 part of 
copper. Standard Silver is the silver used for 
coinage, and it consists of 925 parts of silver to 
76 parts of copj^r. The Fineness of any other 
silver is expressed in terms of standard silver by 
stating the number of pennyweights per pound troy 
of copper by which it exceeds or falls short of 
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standard silver ; thus 240 dwt. (1 lb. troy) of sUmdard 
silver contain 18 dwt. copper, and Uie hard alloy 
mentioned above (4 parts silver to 1 part copper) 
contains in 240 dwt. 48 dwt. of copi)er, so tbeir 
alloy would be referred to as “ worse 30 dwt.” 
“ Oxidised Silver” is silver which has been su{)er- 
licially coated with silver sulphide by dipping it in 
potassium sulphide solution. Besides its use in 
making silver articles and coins, much silver is used 
in Electroplating ( q . v .) and in making mirrors. 
For Silvering Glass many recipes are available. 
A simple one is : Dissolve 8 grams of Kochelle salt 
in 3*84 litres of water; boil, and while rapidly boiling 
add a solution of 10 grams silver nitrate in 80 cc. 
water; allow to cool and then filter. Now dissolve 
10 grams of silver nitrate in 80 cc. water, add 
ammonia till the precipitate of silver oxide is barely 
all dissolved, make up to 960 cc. t'are being taken 
that the glass to be silvered is scrupulously clean, it 
i.s put in a sutheient quantity of a mixture of equal 
volumes of each (^f the two solutions at a tempera- 
ture of about 20° to 21'^. Tiie w’orld'.s productit)n of 
silver in 1903 amounted to about 5,800 tons, and by 
far the greatest part of it was extracted in Mexico 
and the United States. W. H. IJ. 

Silver (Min.) This element occurs native in 
octahedral crystals belonging to the cubic system. 
More often it is in filiform masses of silver white 
colour wl»en fresh, but often tarnished to a black, 
green or yellow colour. The mineral i.> .sectile. ilexiblc, 
and ductile. It u.sually contains traces of C4>pper, 
gold, platinum, etc. It has been found in C’ttrnwall ; 
more abundantly at Kongsberg in Norway, in Saxony, 
Bohemia, Ilungary, France, Siberia, and in fiuaiitity 
in Central and South America, 'Jhe clement also 
exists in many other minerals, the chief of which arc 
Argentite. Sle])hanile, Pjrargyrite, rioustite, Horn 
Siher, Polyba-site, and Freieslcbenite ( q . v ,) 

Silver Amalgam (Min,) Amalgam. 

Silver Compounds ( C / tew .) Si lvp:r Oxj de, A g./ ), 
a hrownish-biack powder; begins to decompose at 
250*’, and is completely decomposed at 300°; .‘'lightl\ 
soluble in w’ater (6-5 grams in 100,000 cc. water at 
20*"), this solution having an alkaline reaction. 'WheTi 
moist it reacts a.s an alkali CAgOII), precipitating 
hydroxides from many salt .solutions and replacing 
halogens in many organic compounds by hydroxjJ 
groups ; tctramcthylammonium iodide with moist 
silver oxide gives tctramethylammoniiim liydroxide:- 
N(CHj)^I gives N(CHg),OH. It dissolves readily in 
ammonia, and the siduiion tontalns the iM>w4rf;il 
base Ag(NlJ 3 )j,UlJ, which is ioni.scd to AgCNJi^)./ 
and (OH)’. This solution, on standing exposed to 
air, deposits the black cxytlosive fulminating silvci 
NAgr . Silver oxide is prepared by precii>itiiting 
a solution of silver nitrate with a solution of caustic 
potash, filtering, wa.sliiDg, and drying the product 
at 60° to 80°. When a solution of silver nitrate 
is electrolysed, black crystals are depo.sited on 
the anode; these appear to be a compound of a 
higher oxide of silver with silver nitrate, and have 
been c-alJeO silver ** perox} nitrate ’’—probable formula 
2Ag„0^. AgNOj. Silver* Chloride, AgCl, a white 
solid ; melts at 450° ; volatile at a white heat, giving 
vapour density 80 at 1700° ; very slightly soluble in 
water, 100 cc. solution contain 000153 gram at 20°; 
mo/e soluble in hydrochloric acid (1 in 200 of the con- 
centrated acid); it is veiw soluble in ammonia, potas- 
sium cyanide, and sodium thiosulphate solutions, 
forming soluble double compounds— 2 AgC 13 NH 3 


(also formed by passing ammonia gas over dry silver 
chloride), NaAgS^O,, KAg(CN)g. Silver chloride is 
blacken^ on exposure to light under ordinary con* 
ditions, but not when exposed in dry oxygen or in 
a vacuum ; the blackening is prevented by chlorine 
water and by fenic chloride solution — substances 
which can give up chlorine. The explanations offered 
are (1) that an oxycliloiide is formed, (2) that a 
subchloride, Ag^Gl, is formed. If either of these 
explanations is correct, it is strange that compounds 
of these formulie cannot be prepared artificially. 
Silver chloride is reduced to the metal by hydrogen, 

(a) when heated dn h^^drogen— a reversible reaction ; 

(b) when in contact with zinc and a dilute acid, such 
as sulphuric or hydrochloric. It is completely con- 
verted into bromide by digesting it with a solution 
of potassium bromide, and into iodide by potassium 
iodide. Silver chloride can be preimred by passing 
chlorine over heated metallic silver, or by precipi- 
tating a solution of silver nitrate by hydrochloric 
acid or a soluble chloride. Silver Bromide, AgBr, 
a white or yellow solid, according as it is obtained by 
precipitation of excess of silver nitrate by potassium 
bromide or by adding excess of the latter to silver 
nitrate; melts at 429°; nearly insoluble in water; 
100 cc. solution contain '001)0084 giam at 20°; soluble 
in hydrobromic acid, from which it c-an be crystal- 
lised ; soluble in strong ammonia ; decomposed by 
chlorine: converted into iodide by digesting with 
pota.Ksiiim ifulide solution. This salt is largely used 
ill preparing pliotographic plates, owing to the ex- 
treme sensitiveness of silver bromide to the action 
of light. What the action of ligitt is <ioc8 not appear 
tti he know n. Silver Iodide, Agl, is a pale yellow 
.solid; melts at 530°; its behaviour on heating is 
abnormal, as it contracts on heating to 70^‘, and 
cxpaiul> tin cooling again, probably owing to a change 
of form ; w hen pure it is not acted on by light ; very 
.slightly soluble in water; lOt) cc. solution contain 
•(K)0053 grams at 20°; slight ly soluble in ammonia; 
soluble in liyilr iodic acid and m .strong potassium 
iodide, forming (he compounds IIAgl.^ and HAgl,. 
It is easily tlecomposed by chlorine ; it is reduced by 
zinc and dilute liydrochloric or suJplmric acid to 
the metal. Silver iodide is obtained by precipitating 
silver nitrate solution by potassium iodide solution ; 
by dissoh iiig silver in hydriodio achl, and from either 
the bromide or chloride by digesting them wdth 
solution of jxitassiuin iodide. Silver Nitrate, 
AgNC)., (also called LuN^NR C'AUSTIC) ; w'hitc rhombic 
plates; often met with cast in sticks; melts at 198°; 
very s<iluble in water; 100 cc. water dissolve 227*3 
giams at ]9'5°. Decomposes when stnmgly heated, 
leaving behind metallic silvei and givingoll nitrogen 
peroxide, cixygeti, and nitrogen ; with ammonia in 
excess it forms the compound AgNCyiNIlj, which 
crystallises out on allowing the solutipn to evaporate, 
and exists in solutiim ionised into Ag(NIl 3 ) 3 * and 
NO,* ( r /, iSiLVER Oxide); dry silver nitrate ab.sorba 
ammonia gas and forms the solid AgNO^SNIl,, with 
evolution of much heat. It rapidly reduced to- 
metallic silver (black) hy organic matter, especially 
in pTCscnct: of light. Hydrogen shiwly reduces it 
to the metallic state, bilver nitrate is niailc by dis- 
solving silver in nitric acid, cvapoiating to dr 3 mcss, 
fusing, and reerystallising from water. It is einployctl 
in preparing otlier silver salts ; in medicine for 
cauterising ; as a hair dye. Silver Nitrite, AgNOj ; 
a white cry.stnllino powder; sparingly soluble in 
water; used in the i)reparation of pure alkaline 
nitrites and of fatty nitro-conlponnds. It is prepared 
by mixing warm solutions of silver nitmte and 



sill 


677 


SIN 


{>ota9sium or flodium Ditrite. Silvbb Sulphate. 

is a white crystalline solid, siiaringly soluble 
in water: 100 cc. water dissolve -58 gram at 18® ; it 
is made by dissolving silver in hot concentrated sal- 
pbaric acid ; occasionally used as a reagent. Bilveb 
Cyanide, AgCN, a white solid, very slightly soluble 
in water; 100 cc. solution contain *000022 gram at 
20® ; decomposed on heating into silver and cyanogen ; 
heated with sulphur, it forms the sulphocyanate 
AgCNS; it is soluble in ammonia and in potassium 
cyanide solutions, forming the compounds Ag^CN . 
and E^(CN),^ : the latter is a white crystalline solid, 
which is much used in the electrolytic deposition of 
silver. Silver cyanide unites with alky] iodides 
when these are heated together in sealed tubes with 
a little ether, and the product yields alkyl isocyanide 
when distilled with potassium cyanide : CgHJ + 
2C,AgCN = CJlfiAg(CN), + Agl CjHiAgCCN)^ + KCN i 
=r CjHjNC + kAg(CN)^. Silver cyanide is made by j 
adding poU-ssium cyanide solution to a solution of 
silver nitrate. Silver forms salts with all organic 
acids, and the great majority of these organic silver 
salts are insoluble in water. On being heated in air 
they decompose, leaving a residue of silver. In virtue 
of this property they are used to determine the . 
molecular weights of organic acids, for it is obvious . 
that if the basicity of the acid is known to be w, and ; 
a grams of the normal silver salt on beating leave ; 
biihind h grams of silver, then ; 

!Mf)lecular weight of*> silver salt __ a j 

108 n h' ' 

Molecular weight of acid = ( — 107 ! 

' ft ' ! 

Silver Glance {Miti.) See Aik^entite. 

Silver Grain (CarjK, vtc,) The grain or maikings 
in timber due to the medullary rays {q.v.) Oak cut 
so as to display the silver grain to advantage is 
termed Wainscot Oak. 

Silverin|(. Coating an object witii silver either 
by chemical deposition or by electrolytic methods. 
See Electroplating. 

Silver Lead Ore (hilena containing a 

.^ullicicnt quantity of silver to make it jirofitable to 
extract the siher. The amount of silver in the ore 
varies from mere traces up to 3 ])er cent. When 
silver was a», a higher price, an ore containing three 
ounces of .silver to the ton paid for extraction by 
the I’attmson process. 

Silver Leaf (Dec,') When use*! by sign writers 
and decorators consists of pure silver reduced to 
slieets ; applies) in the same manner as gold leaf. It 
must be pn)tected by a coating of lactpier or varnish, 
or it will turn black. Abiminunn leaf, which does ! 
not change colour, is now usually enqdoyed instead ! 
of silver. 

Silverplating. See Electroplating. 

Simile (Munc), In the same manner. When a 
figure is to bo repeated, instead of writing the 
pas.sagc again, simili marks arc put thus // or •/• j 
(cf, “Andlo!” and “And suddenly,*' in HandelV ; 
Mcftsinh), ' 

Simoon {Mcteorol.) A term applied to the hot , 
suffocating winds laden with dust and sand which i 
are peculiar to the sandy deserts of Africa and 1 
Western Asia, ; 

Simple Harmonic Motion (Dhys.) See Harmonic 
Motion. 

Simple Maohlnea* The term used in theoretical 
mechanics to <lcnoie the Levers, I'ulleys, Wheel and 


Axle, Inclined Plane, and Screw. They are often 
called the Mechanical Poweb^ but the term is 
not a good one, and should be avoided. 

Simple Microscope {Light), A single lens used 
for producing a magnified virtual imi^e of an object 
placed close to the lens : a magnifying glass is 
therefore a simple microscope. 

Simple Pendulum {Phys,) See Pendulum. 

I Simpson’s Rule. A useful rule for the measure- 
j ment of the areas of iriegular plane figures. The 
! area is divided into strips by parallel and equidistant 
lines or ordinates. The length of each of these 
i ordinates and their distance apart is measured ; then 
the total area is the product of the digtanee uupa/rt x 
half the gum of the first and Vast ordmateg, + the 
gftm, of the remaining ordinates. 

Sin. Sine : sec Trigonometrical Ratios. 
Sinapine {Ckem.) See Mustard Oit^. 

Bine {Math.) See Trigonometrical Ratios. 
Sine Curve. See Sines, Curve op. 

Sine Galvanometer {Pfeet.) See Galvano- 
meters. 

Sinep, Curve of {Math.) A curve showing the 
ratio between an angle of given value and its sine. 
An example is given under Harmonic Motion {g.v.) 

Singeing {Textile Manvfac.) The process of pass- 
ing the thread during the final spinning or doubling 
through jetted fiames of gas. If applied to the yarn, 
also termed “gassing.” Fabrics in which mohair 
yarn i.s used for the weft are singed over hot rollers. 
See Gassing. 

Singing Flame {Simnd). A jet of hydrogen and 
certain other gases when burnt under the mouth of 
a tube o{>cn at both ends will often set up a loud 
, note. 

I Single Acting Engine {Eng.) An engine in 
• which the impulse is given on one side of the piston 
only ; they include nearly all the ordinary forms of 
gas, oil, and ]jetrol engines, and a number of high 
. s{Kicd steam engines, such as those of Willans, 

' Brotherhood, and Mather and Platt. Qf. STEAM 
Engines. 

Single Acting Piston (Eng.) The piston of a 
single acting engine ; it is commonly made in the 
form of a short cylinder closed at one end and 
having the connecting rod hinged to a gudgeon pin 
within it. This forms what is sometimes termed a 
Trunk Piston. See Gas Engine and Petrol 
Enoim:. 

Single Belt (Eng.) A driving belt composed of 
one thickness of leather. 

Single Cylinder Machine {Paper Manufae.) A 
papt^r machine provided with one very large drying 
cylinder instead of the usual twenty or thirty. 

Single Ended Boiler {Eng.) A ship’s boiler 
having a grate at one end only. 

Single Fished Joint {Eng.) A joint with one 
fishplate 

Single Floor {Carp, ami Join.) A floor consisting 
of one set of joists, to wliicli the floor boarding and 
ceiling are fixed. See Floors. 

Single Flue Boiler {Eng.) A Cornish Boiler. 
Sec Boilers. 

Single Fluid Hypothesis {Elect.) See Elec- 
tricity. 

Single Geared Lathe {Eng.) A lathe without 
liack gear {q.v.) 
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Single Phase Current (Elect,) An Altebmatiko 
Current (^.v.) of the ordinary kind. 

Single Riveting {Eng,) A lap joint is single 
riveted when there is one row of rivets only ; a butt 
joint when there is one row on each side of the 
joint. 

Singles {Eng,) Sheet iron intended for tinning. 

Sinister {Her,) The sinister or left hand side of 
a shield. It must be remembered that this refers 
to a shield, as it was lield to protect the body; to 
the spectator from the front the sinister side is on 
bis right hand. 

Sinking {Build,) A recess; any part below the 
general surface of an object. 

Sinking Pump {Ciril Eng,) A pump which can 
be lowered into a shaft or other deep excavation 
until it is sufficiently near the bottom to draw up 
water into its barrel. 

Sinks {Sanitathm). By a model bye-law of the 
Local Government Board the waste pipe from every 
sink must discharge in the open air over a channel 
leading to a trapped gully at least 18 in. distant. 
The waste pipe should be provided with a siphon I 
trap fitted with a screw cap, which can be removed | 
for the purpose of cleau.sing the trap. See Siphon < 
Trap; Trap; Skal. ; 

Sinople Vert. IlERALDRy. | 

Sinter er Geyserite {Min,) See Siliceous | 
Sinter. 

Sinusoidal. Having the form of a sine cur\e 
{q,v.) 

Siphon. A bent tube with arms of unequal 
length, used for drawing a liquid out of a vessel. 
The shorter arm dips into the liquid, while the other 
arm overhangs the containing vessel in such a wav 
that its end lies below the level of the liquid. 11 
the tube be first filled with the liquid, which is 
prevented from escaping while the tube is being 
placed in position, the liquid will commence to Ilow' 
through the siphon, and will continue to fiow so long 
as the shorter arm dips into, and the outer end is 
below the level of the liquid in tlie vessel. The I 
siphon may be placed in position when empty, and | 
started by drawing the Jiquid up into the tube by | 
suction applied to the longer limb. i 

Siphon Barometer {MetcoroL) A form of baro- : 
meter the tube of which i.s in the form of a siphon, ' 
There are three main classes of Iwirometers, SIPHON. \ 
Cistern, and Aneroid. See Barometer. ! 

Siphon Recorder {Elect. Eng.) A form of tele- \ 
graphic recording instrument in which the symbols j 
are produced on a moving strip of paper by a fin(‘ i 
jet of ink, flowing from a light glass tube bent so as ! 
to form a siphon. One arm of the latter dips into a • 
leservoir of ink, while the other end can be moved j 
backward or forward through a small distance by j 
the action of the transmitted current. ' < 


frequency. A rotating plate is pierced with hdleB 
bored at eqnal distances along the ciroumference of 
a circle on the plate. On causing an air jet to 
impinge on the row of boles, a note is produced 
whose frequency is proportional to the number of 
holes which pass the Jet in one second. The number 
of revolutions of the plate is registered by some 
form of counting mechanism, and hence the total 
number of vibrations per second which corresponds 
to the particular note observed can be determined. 
Very large sirens are commonly used in factories and 
on steamships to emit a loud note as a signal or 
warning, i.e, to serve as foghorns. 

Sirooeo {MeteoroL) A hot moist wind, receiving 
its heat from the Sahara and its moisture from its 
i passage northward o\or the Mediterranean. Met 
; with in Sicily, South Italy, and adjoining districts. 

I BiB&l Hemp {Botany). A fibre largely used in 
I ropemaking. It is obtained b}' maceration of the 
leaves of the American aloe, Agave rigida (order, 
Amary Hid arete). 

BistPlim {Arrheeol.) An instrument of the charac- 
ter nf a rattle, especially associated with the worship 
of the Egyptian gochless Isi.s. It consisted of metal 
rods fitting loosely in an oval-shaped metal frame, 
the ends of the ro<ls being bent up to prevent them 
from slipping out. 

Sitei {Hygiene). The following considerations 
should, if }X)8sible, be taken into account in the 
choice of a building site : (1) The nature of the Roil 
{g.v.) (2) The asjwct, as regards wind, light, air. 
(3) The surroundings, as, for example, the neighbour- 
hood of trees or hills. The distance of the ground 
water from the surface is an imfiortant factor in the 
healthiness of a site; it should never be less than 
10 ft., and, if po.^sible, at least 15 ft. or 20 ft. from 
the ground level. As regards aspect, other things 
Ijeing equal, an east or south-east as|}cct i.s to bi‘ 

I preferred, so a.s to secure the maximum amount of 
I sunlight both on the front anti back of the itoiise. 
i Valleys lying in tlie direction of the prevailing winds 
are healthier tlian those lying in other directions. 
The neigh b(jnrh(H»d of trees is desirable, provided 
they do not obstruct the light and air. Rising ground 
facilitates the natural drainage both of the surface 
and of the subsoil. tSrfe SiTB AND Rtructuual 
Abranuement of Houses under Sanitation, 

Bitting {A rt ) . The period during which a person .sit .s 
for a poitrait, or during which a model poses. The 
uninterniptCKl period during which an arllst works. 

Bix-Part Vaulting {Architect.) See Sexpartite 
Vault. 

Bix’s Thermometer {Heat). See Maximum and 
Minimum Thermometer. 

Bixteenmo {Print.) A sheet printed so as to 
form 16 leaves (32 pages) when folded. Abbreviation. 
16mo. 


Biphon Trap {Sanitation). This consists of a pipe 
canned somewhat like the letter S, the lower bend 
being intended to retain sufficient water to reach 
above the level of the upper side of its curve. The 
water so retarded forms a “ water seal,** and prevents 
the entry of sewer and other gases from the drains. 
In the case of sink discharge piijes, a screw cap or 
Cleaning Eye is fitted at the lowest point of the 
bend, and can be removed for cleansing the trap. 
See Real amd Trap. 

BImn {Sou^). A piece of apparatus for investi- 
gating the pitch of a note or the relation of pitch to 


Bixth {Mueic). The interval of two notes alpha- 
betically six letters apart, as D to B. See Interval. 

Bixty-foup-mo (Print.) A sheet which when 
printed is folded so as to form 64 leaves (128 pages) 
of a book, the size of each leaf being about 2} by 
3J- in. A book of this size. 

Bize. Glue or other gelatinous material which has 
I been allowed to absorb a considerable qnantity of 
I water, thus forming a soft and homogeneous jelly. 

{Bind.) (I) A preparation consisting of a 

thin solution of glue or paste wash applied to 
bindings previous to finishing and gilding. (2) A 
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solutioii of gum tragacanth or gum dragon used for 
iloatiiig the colours in marbling (q.v.) 

The process of treating a surface or a 
substance with a suitable size (^.o.) 

— — JUfanufacJ) The application of a 

glutinous liquid to the warp yarn for the purpose 
of increasing the adhesiveness of the fibres and 
strengthening the threads for weaving. In cotton 
manufimture the warp yarns are passed through a 
size mixture composed of fiour, tallow, soap, etc. 
Sefi Slasheb Sizing and Ltnbn Makufactube. 

CHC 


HC 

Skatole {Ckem,) 

HC 



(Scatole: j3-methylindo1e). White shining plates; 
melts at 96° ; boils at (756 mm.) ; it lias a strong 
fracal odour, and occurs in faeces ; it is sparingly 
soluble in c<»ld water, much more soluble in hot 


water; soluble in alcoliol, ether, light petroleum. 

It gives the pine-shaving reaction (see Pykbolb) : 
but only when the shaving is dippcwl in a hot alcohol 
solution, and then put into concentrated hydro- j 
chloric aciri. It gives a picrate (red needles). ; 
It gives a nitroso compound with nitrous acid. ! 
Skatole always occurs in f»ces ; it is some- ! 
times present in urine combined with sulphuric : 
acid. t^katolc is formed in the putrefaction ol 
proteids, e.g, egg-albuinin, and when proteids are 
fused with caustic potash. It is also foimed from . 
indigo by reducing it with tin and hydrochloric acid, 
and distilling the product with zinc dust (when i 
prejiared in thi.^ way it docs not smell of fseces). • 
It is prepared syntlietically by heating the phenyl ' 
hydrazone of propionic aldelnde with zinc chloride : 
(its own weight) ; the reaction begins without the - 
aid of heat, but t<jward flic end it is heated fo 180° , 


for a minute. 
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The product is distilled in steam, and the distillate 
extracted with ether. Skatole is used to some extent 
in making artificial perfumes. 

Skeaiiy Skein (Arms). A double-edged dagger or 
sword peculiar to the ancient Irish race. 

Skeaa-dhu (Arms). I'he knife or dagger worn by 
Scottish Highlanders in the stocking. 

Skeleton. Framework which constitutes the chief 
supporting parts of a structure, e.g. a scries of iron 
bars on which a plaster cast is built up. 

(Zool.) The framework supporting the body 

of an animal ; it consists of (1) conneotive tissue ; 
(2) cartilage ; (3) bone. The intern^ struc- 
ture usually termed the skeleton is distinguished 
in zoology as the Endoskeleton ; in addition tc 


this, or in place of it (in the case of invertebrates) 
there may also be an Exobkblbton, a hard external 
Btructuie serving to support t he body. 

Skeleton Drami (Paper Mattufae.) Ligrht cylin^ 
drical frames constructed of wood, used in diying 
“ tub sized ** papers. 

Skeleton Form ( Typog.) A form (q.v.) of a light or 
open character, consisting either of rules to form 
boundaries and columns for table matter or of odd 
lines to be printed in a second colour. 

Skeleton Frame (Join,) Wooden framing of any 
dciscription, without panels. 

Skeleton Girder (Eng,) A Lattice or openwork 
ginler (g.v,) 

Skeleton Pattern (Foujidry), A pattern whos 
form follows the main outlines of the casting, the 
remainder of the mould being completed by hand. 

Sketch (Art). A preliminary study or design. 

Skew. Oblique ; at an angle ; twisted to one side. 

Skew Arch. See Aboh. 

Skew Back (Build.) The bed of an arch, at the 
springing. 

Skew Bevel Wheels (Eng.) Bevel wheels whose 
axes do not intersect. 

Skewers (Ftyundry). Wires used to suppe^rt loose 
piirt.s of a pattern which have to be detached when 
the pattern is withdrawn from the mould; the 
skewers take the plaee of dowel Is. 

Skidda or Skiddaw Slates (GeoL) A series of 
ancient murine argillaceous sediments, now somewhat 
roughly cleaved, which arc typically developed on 
Skidds, near Keswick, in the Lake District. Tliey 
were originally shales (q.r.) with some flagstone and 
grit, and here and there some thin bands of sub- 
marine volcanic tuff. But they have since undergone 
a con.siderablc amount of disturbance, and liavc 
locally been much metamorphosed by the action of 
bosses of granite which have risen through them, 
chiefly in Devonian timp.s. Their original extent i.s 
unknown, but it must have been considerable, as they 
form most of the Isle of Man, and must extend from 
there at least as far as Eastern Westmorland. They 
may underlie a large area in the south of Scotland, 
and it is possible tiiat tiu;y may extend far towards 
the borders of Wales. Their exact thi(;kDCss is not 
known, but the aggregate thickness visible cannot 
well be much less than 5,000 ft. The highest beds 
of the Skidda Slate known for certain occur near 
Milburn, where they yield graptolites and other 
fo.ssil8 of Lower Llandeilo tyfics. Near Keswick 
other graptolites h.ave been found, which prove that 
the part of the Skidda Slates occurring near there 
arc of Arenig age. Below these horizons occurs an 
unknown thickness of older parts of the Skidda 
Slates, part of which must be of Tremadoc age, 
and the remaiiido]* may be of the same age as the 
Lingula Flag.s of Wales. As elements in the scenery 
of the Lake District the Skidda Slates take an 
important part, as they form such mountains as 
Skidda and Sutldleback ; but, as a rule, they weather 
into much smoother surfaces than the volcanic rocks 
wliich overlie them to the south ; and the contrast 
where the two rocks occur side by side is very 
striking. The Skidda Slates rarely afford slates 
which are of much economic importance, though 
they are employed to a considerable extent as rough 
building material. Borne of the Bkidda Blate which 
has been indurated and partly recrystalliaed by the 
intrusion of granite masses—- as, for example, the one 
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to the north of Threlkeld— gives forth a clear sonorous | 
ring when strack, and has often been used for a | 
mde kind of harmonicon. The ** musical stones’" | 
well known to visitors to the Lake District are of \ 
this nature. Some of the more arenaceous bands 
which occur close to the granite bosses have beeti . 
thermo-metamorphoscd into bornfcls; while a few | 
of the argillaceous bands have been dynamo- i 
metamorphosed into true phyllitcs. The Skidda | 
Slates are succeeded southward of Keswick by a 
thick pile of andesitic tuffs, higlily cleaved, and . 
largely used for slates. These are the well-known ■ 
“ Green Slates.” Some bands of andesitic and other i 
lavas occur with them. The whole pile seems to lie i 
unconformably upon the Skidda Slates. It is these ; 
rocks which form most of the picturesque s(‘enery of ! 
the liake District, from Arnbleside to near Keswick ' 
Their position in the geological scale is not certain, 
and there is nothing to show that they are not of 
Devonian age. J. G. G. 

Skidding. The slipping of a wheel, as distin- 
guished from rolling. 

Skimmer (Ihvndry, An implement used to 

prevent the scum on the* surface of molten metal 
from entering the mould while the metal is being 
run in from a ladle. 

Skimming Gate or Chamber {Fmindry^. A cavity, 
circular in j>lau, forming an enlargement of the gate 
((/.r.) through which metal enters a mould. The. 
metal flows into the cavity by an opening on one 
side, and a rotating motion is set up, which carries 
the pure metal tf)wards the circumference, and the 
lighter drtjss and scoria? towards the centie of tl»e 
chamber. The irt>n escapes by means of a gate, arid 
runs straight into the mould. Castings made in this 
manner are said to be •‘run with a .skimming gate ’* 
or “ run with a ball.” 

Skin The hard outer layer of a ca.sting, 

etc., owing to the cooling of the surface having 
occurred more rapidly than that of the interior. 
In castings the skin is also apt to contain siliceous 
matter derived from the mould. 

{Zool.') (1) See Epidebmis and Cuticle. 

(2) The name generally given to the ^->611 of a small 
animal, the term “ hide ” being apfdicd to the .skin of 
a large animal. 

Skin Effect (JiJlect.) The tendency of any current 
which is varying in amount to flow in the outer 
layers f»f a conductor. On the apj>licaliun of an 
electromotive force to a conductor, the current will 
diffuse inwards in a manner similar to tluit in which 
heat would diffii.se if the surface of the metal were 
heated. The effect is negligible in small conductors 
unless the frequency, or the rate of variation in the 
value of the current, i.s very great. 

Skip. A bucktd or similar receptacle for holding 
loose material which is hoi.sted by cranc.s. A basket 
or box used for rai.sing malerial from mines. 

Skip Pass {'J'extiles), See Entebinc;. 

Skippet (Arciupol.) A round box in w'hieh one of 
the large seals formerly atta('hed to documents w'as 
enclosed for protection. 

Skiver ( Jjeafher Afanv/ac,) The tliin grain split of 
the ^hef:p^ki^l, used for thin bindings, jmrse leather, 
and for pocket books. See SnEEP a/id CHAMOIS 
l.EATIIEK. 

Skraup’g Reaction nr SynthesiB. Sec guiNOLiiiE. 

Sky Glow (Metenrol.) Aecompanies the rising and 
setting sun, and is due to the diffraction and reflec- 


tion of light by the minute dust particles in the 
atmosphere. Sometimes extraordinarily brilliant 
after volcanic eruptions, as in 1883 and 1902. 

Slab iHtiild.f etc,) (1) The outside piece of a log 
when sawn into boards or planks ; it is rough on one 
side. (2) A thin, flat, regularly shaped piece of 
material, e,g. marble. 

Slabbing (^Carp,) Cutting off the rough sides of a 
balk of timber. 

Slack. Small coal used in forges, certain kinds 
of furnaces, and as a source of carbon in various 
metallurgical operations. 

Slacking Down Dampino Down (^.r.) 

Slack Side ( 'J'he loi>se side of n belt, i.c. 
the portion running away from the pulley which is 
transmitting the power. 

Slag The masse.s of fused and often 

vitreous or glass}’ silicates, resulting from a great 
number of mctallurgicjil operations. They contain 
the major part of the nou-mctallic materials of the 
ores, combined with others deri\ed from the fluxes 
cmjdoyed, and a certain residuum of the original 
metal or other constituent. Blags have a number of 
uses, e.g. a.s IIalla.st, Hakii Cotik, etc. Certain 
kinds can bt‘, made into bricks, others supply a very 
fair Hydraulic ('ement Blast furnace slag 

sui»plie.s Blag Wool or Silicate Wool and 
basic slag from tlic Bc.s.M‘mer procti.s.s is a valuable 
phos]>hatic manure. Other .slags rich in oxides are 
useful in smelting oiw^rations. See Copper. 

Blagging {Mel,') The withdrawal of the slag rrom 
a furnace. 

Blag Wool. Soinetiiiies called Silicate Cotton. 
It consi.«*t.s of very thin fllanients of blast furnace 
slag. It is used as a non-conducting covering and 
as an abrasive. By blowing a jet of steaiu into a 
.stream of molten slag a shower of slag j'cdlets is 
formed, which in Ihcir flight spin out line thread.s 
or filaments of slag. A eurrent of air sucks away 
the tincst portions in the form of slag w<k) 1, leaving 
the pellets and other coarser particles. The wool is 
further graded according to iti* flneiiess. 

Blaked Lime {Build.) Quicklime to whitdi water 
hixs been added. tSee alto CALCIUM COMPOUNDS. 

Blake Trough {BngJ) A trough used in the forge 
to contain cold water for damping the fire, cooling 
hot iron, etc. 

BlanciOy Con {Mutir). With iiiipetu<».sity. 

Blargando {Mmie). Enlarging in tone and 
dvci easing in .sj>eed. 

Blash One of a series of narrow slits or 

o^Kmings made in fa.shionable outer garments for the 
purpose of showing an under germent, or the open- 
ing** were fillctl in with fancy material termed 
hla.shings. Slashed costume.s were much in vogue 
during the Tudor {period. 

Slasher {Cotton MajivfaeJ) The Slasher sizing 
maciiine. I'hc term is applied also to the attendant. 
See Slasher Sizing. 

Slasher Sizing or Taping {Cotton Manvfae.) A 
impulur and economical method of preparing grey 
cotton warps for the loom. The yarn fiom the back 
beams is passed through a size mixture, and after 
drying is run on to a weaver’s beam at the front of 
the machine. There are several makes: (1) Drum 
cylinder. (2) Cavity cylinder. (3) Hot air chamber. 
(4) Bteam chest.**. 
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Slate (^Oeol,') A term frequently applied to any 
rock that will split into slabs thin enough to be 
used for roofing purposes. Geologists, however, re- 
etrict the use of the term to rocks which split along 
planes of cleavage. In Cumberland some of the 
best slates are cleaved volcanic tuffs ; but slates, as 
a rule, are argillaceous rocks. See also Skiddaw 
tSLATES. 

Slates, Roofing (^BuildJ) Roofing slates are sorted 
and sold in various sizes, as follows : — 

Doubles . . 13 in. X 6 in. 

ladies . . . . 16 in. x 8 in. 

Viscountesses . . 18 in. x 9 in. 

Countesses . .20 in. x 10 in. 

Duchesses . . 24 in. x 12 in. 

Princesses . 24 in. x 14 in. 

Imperials . . .30 in. x 24 in. 

Queens .... 86 in. x 24 in. 

The sizes most in use are the Duchess and Countess. 

Slating Battens ilimld.) Wood fillets nailed to i 
the common rafters ; the slates or tiles forming the 1 
roof are fixed to the battens. 

Slaughterhouses. See Abattoibs. 

Slay. See Sley. 

Sleaker. Ste 8i.ekkeks. 

Sledge tvr Sledge Hammer etr.) A heavy 
hammer swung by both hands. See Hammebs. 

Sleekers or Smoothers (^Kovndry). To(»1s used by • 
moulders for smoothing or Sleekixg the interior of 
a mould after the pattern has been withdrawn. ’ 
They are made in various shapes to suit dificrent ' 
varieties of work. 

Sleekind or Smoothing (Foundry), The .smoothing 
of a mould. See Slbekebb. 

Sleepers (Civil Buy.) Supports laid on the 
ground or on ballast (q.v.) to carry tlie lines for a 
railway. They are usually of fir, soaked in creosote ; 
but in cimntries an here w(Kwi is destroyed by auts, 
etc. iron .sleej>ors are used. See Railways. 

Sleeper Wail (Build.) A dwarf wall t(» give 
intermediate support to ground floor joists. 

Sleet (Meteorol.) Rain mixed with snow or hail. 
Formed from snowflakc.s falling through a stratum 
at a temjier.aturo of 32° F. or higher. Falls chiefly 
in winter and .*ipring. 

Sleeve (Fng.) A general name for a fitting in 
•the form of a hollow eyliiider or tube. Used in a 
variety of machinery. 

Sleeve Piece (Plumb., etc.) See Brass Thimble. 

Sleeve Screw (Fng.) A screw cut on the surface 
of a liollow .sliaft or sleeve. 

Sleeve Wheel ( Kng.) A wheel whose hub or boss 
is in the form of a sleeve or hollow cylinder. 

Slentando (MuMe). Gradually .slackening the 
>peotI, 

Slewing (Fug.) Turning round tlirongh an angle. 
Applied usually to pieces of mechanism such as a 
crane. 

Slewing Gear (Fng.) The mechanism by which • 
a crane is turned or .slewed about a vertical axis in ! 
order to pick up or deposit goods in various positions. | 
Sley or Slay (Lace Manufac.) A band or strip 
either of metal drilled with the requisite number of 
holes or wire woven int o a network similar to canvas i 
Its use is to enable the f hrea<ls that will eventually , 
compose the lace to be arianged in an orderly and ^ 
systematic manner, and to keep them apart in the ! 


interspace between leaving the warp or beams and 
entering the guide bars by which the threads are 
acted upon. 

Sley or Slay (Weaving). The going part of a 
loom, constructed of wood. It carries the shuttle 
boxes, reed, and trashboard or shuttle race, and 
assists in beating up the weft. {.See Reed.) The 
shuttle boxes are fixed at each end of the sley, with 
the reed Ix^tweeu, the body of the sley l)eing bolted 
to vertical iron supports or sley swoids working on 
a centre stud or shaft. An eccentric motion is im- 
; {Mirtod to the sley by means of a connecting rod 
: working from the loom crank, whereby more time is 
allowed for its backward movement (when the shuttle 
passes through the shed) than for its forward move- 
ment (when it beats up the weft). Also termed Lay, 

1 JiATHK, Batten (q.v.) See also Loom for illus- 
tration. 

Sleying ( Weavmg). 'I’lie oijeration of drawing the 
warp threads (after they have been passed through 
the hcalds or harness eyes) through the dents or 
splits of the reed, preparatory to fixing the reerl in 
the sley or batten of the loom for the final operation 
of weaving. See Loom and Set. 

Sley Sword ( Weaving). See Sley. 

Slice (Fng.) A stokeFs tool with a thin blade. 
Used tor breaking up a caked fire or clinkers. 

(Print.) The name for (a) a flat bladed 

knife used for lifting ink from the can to the doctor 
or ink slab, (b) The false bottom of a galley made 
to slide out. 

Slickensides (OeoL) Pairs of striated surfaces 
produced on hard rocks by grinding against each 
other when the rocks have been undergoing disturb- 
ance. They very commonly accompany faults (g.r.) 
Blickeusides somewhat resemble glacial markings ; 
but in the former the striae generally terminate 
abruptly, and minor roughnt'.sses are always present, 
in wiiich re.'^pect they differ sensibly from the smooth 
fiirrow.s and ridge.'n produced by glacial action. 

Slicker (Leather Manufae.) A tool u-serl in 
leather manufacture for setting out smoothly and 
strctcliing leather. 

{Moulding). A Sleekeb (q.v.) 

Slide (Fug.) A general term for a piece of me- 
ehanism which possesses a fully controlled rectilinear 
motion. 

(Music). (1) An ornament. See Orna- 
ments. (2) Part of the mechanism of trumpets 
and trombones whicli enables the tube to be length- 
ened. See Trombone, p. 437. (3) Part, of the 

juechanisiu of the organ, also called slider. See 
p. 439. 

Slide Bars (Fug.) I'he bars which cause the 
erossliead on tin' end of a piston rod to move in 
a straight line. Sre STEAM Engine. 

Slide Blocks (Fug.) The blocks on tlio ends of 
the erossliead of an engine, wliich ino\c or slide 
along the slide bars. 

Slide Lathe (Fug.) A lathe with a Slide Rest 
(q.r.) 

Slide Rest (Fng.) A dovice which holds and 
also controls tlie direction of motion of a turning 
tool. In self-acting lathes it consists of a base or 
Saddle sliding on the lathe bed, and moved either 
b 3 * the leading screw or by the back shaft, so as to 
travel at a definite rate along the bed. Above the* 
saddle is -fixed a Cbobb Blide, above which is the 
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Tool Holdbb. The latter can be caused to move 
in a direction at right angles to the bed of the lathe 
bj means of a screw in the cross slide. This screw 
is either tnmed hj hand or can be actuated by 
meobanism from the back shaft. In other lathes 
the saddle has no self-acting motion, but is fixed to 
the bed in any required position by a bolt, in the 
same manner as the back poppet, and (arries two 
slides, one giving a motion parallel to the bed, the 
other at right angles. In many cases the lower of 
these slides can be turned round tbrongb an angle, 
so that the tool moves in a direction making an 
angle with the axis of the lathe, enabling a conical 
or tapering object to be turned. See liATHG. 

Bllde Rest Lathe {Eng.) A latl.e. with a Slidb 
Rest (j/.r.) 

Slide Rule (^Eng.^ eta.) A very simple and efiicient 
cahmlator, capable of performing multiplication, 
division, evolution, and involution of numbers. It 
consists essentially of two similar scales having 
graduations proportional to the logarithms of suc- 
cessive numbers, usual I 3 ' from 0 to J(Xi. It can be 
snccessfullj' used by any one without knowleilge of 
logarithms, and its use effects an immense saving 
<jf time in engineering and other (calculations. The 
small size, 10 in. long, give.s results which are correct 
to about 1 part in 500 ; but elaborate instruments, 
e.g. Fullers Special Slide Rule, give results correct 
to 1 in 10,000. As a general rule, however, it is most 
convenient to use tables of logarithms when accuracy 
greater than that attainable b}’ the 10 in. rule is 
required. 

Slide Valve (Eng.) In most forms of the steam 
engine the admission of the steam to the cylinder is 
controlled by a valve which is moved backward and 
forward by the valve gear, over the openings or 
Touts lea(iing into the cylinder. A typical form is 



shown in the diagram. A is tlie cylinder ; B„ are 
the Steam Posts or passages through which steam 
enters from a Vat.ve Chkst c, to which it is led 
from the boiler. Over these jiorts the valve D slides 
along a plane surface or Seat e. The hollow 
space K within the valve comruunicates with an 
opening Q, termed the Exhaust Tort, from which 
a pipe, termed the Exhaust Tipe, leads to the 
condenser, or in the case of a non-condensing engine, 
to the open air. The valve is moved hy tlje Valve 
Rod h, jiassing through a steam-tight Stuffing 
Box k. If the valve be moved to the right the 
port B, is uncovered and steam can enter the left- 
hand end of the cylinder, driving the piston to the 
right. The valve then commences to return towards 
the left, and covers B| again, thus cutting (df the 
steam, which commences its ezijansion in the 
cylinder. At the end of the stroke the valve has 
moverl so far to the left that B, is in communication 
with the space F, and the steam now escapes through 
the exhaust port o. The same processes occur (in 
reversed order) at the other end of the cylinder. It 


I win be seen tliat the edges of the valve project 
I beyond the ports ; this projectioii is termed the Lap.. 
i The distance a which the valve projects beyond 
! the steam port when in its middle position is termed 
I the Outside Lap, and the distance the Inside^ 
! Lap. The effect of the former is to close the steam 
ports before the end of a stroke, thus rendering 
I expansive working possible ; the latter prevents the 
' ascape of steam until the vidve has moved from the 
middle position through a distance equal to the 
I amount of the inside lap. If the valve had no lap, 
i steam could enter one of the steam ports whenever 
the valve was displaced rom the middle position, 

: and would continue to enter until the valve returned 
I to this position, i.e, during the whole of each .«*troke. 

I There would then be no expansion of the steam, 
and the indicator diagram (q.v.) would be approxU 
i mately a rectangle. The eccentric (q.v.) would be 
' so adjuKtcri that its radius — that is, the line joining 
the centre (ff the ecjccntric sheave to the centre of 
the craiik siiaft— was at right angles to the crank 
shaft. The existence of the outside lap requires the 
eccentric radius to bo set in advani-e of this position, 
in order to open tin* valve at the beginning of a 
stroke; a further siuall advance is als«> made in 
order to optm the valve just before the stroke liegins. 
The amount which the valve is actually open at the 
commencjcment of a stroke is termed the I 4 BAP- 
The angle between the crank and the eccentric 
radius thus exceeds a right angle by an amount 
termed the Angular Advance, which deptmds on 
the lap and lead. Th(^ coritjct adju.stinent (jf tho 
positions of the valve and ecjcentrio is termed 
Setting the valve. 

Slide Valve SpiAdle {Eng.) The Valve Rod. 
See St.idb Valve. 

Slide Wire {Elect.) The straight wire which 
furnishes the tw'o variable resistances in a Wheat- 
stone Bridge (v-v.) of the straight form known as a 
8 lide Wire Bridge. 

Sliding (Eng.) (1) In general, any smooth linear 
motion. (2) In particular, the movement of a tool 
paralUd to the bed of a lathe by means of the Slide 
Best (q.v.) 

Sliding Block* {Eng.) Slide Blocks {q.v.) 

Sliding Pit (Eng.) Two parts which fit together 
easily, yet without (• hrast amount of shake or play, 
arc said to make a sliding fit. 

Sliding Friction. The friction (jq.v.) between two 
surfaces whicli are in motion over or relatively to each 
other. 

Slime* {Mat.) Finely crushed residues from the 
milling and cru.shing of ores. See also Amalgama- 
tion I’BocEssEs and Metallurgy. 

Sling ( Eng.) A general term applied to various 
devices by which an object is suspended, e.g. a 
suitably bent bar or a loop, by which a heavy weight 
is attached to a crane. 

Slip {Build.) A thin liquid, or, more correctly, 
.some solid suspended in a liquid, e.g. a mixture of 
clay and water. 

(Ciml Eng.) ( 1 ) An inclined plane upon 

whicii a vessel is supported while being built, or upon 
which a vessel is placed for repairs. A contrivance 
for liauliug vessels out of the water for repairs. ( 2 ) 
Falling in of the sides of a cutting or embankment 
is prevented by attention to three points ; (a) Keep- 
ing the slope at a sufficientty low angle ; (h) Efficient 
drainage ; (o) Protection of the surface from weather, 
cbiefiy by encouraging the growth of grass and (»ther 
vegetation. 


8LI 


683 


SIiU 


Blip etc,') (1) Eolative motion of two 

objects* (2) A tbin oil stone for giving a finish to 
the edge of cutting tools. 

{^Oed. and Mining), A miners’ term for the 

displacement accompanying a fault (jf.v.): also for 
the amount of that displacement. 

Clay containing so much water that it 

is of about the consistency of thick cream. 

Blip Dock {CivU Eng,) A dock which can be 
emptied and which contains a slip (^.e.) 

Blip in Moton, etc. {EUet, Eng.) The ratio of 
the frequencies of rotor and stator currents. If u. is 
the angular velocity of the rotating field, and that 

of the rotor, then the Slip «= - . 

Blip Kiln {Pot.) A shallow tank under which are 
flues. It is used for the conversion of slip into clay 
by evaporation. 

Blip of a Bcrew PropcJler {Eng,) The difference 
between the actual velocity of a steamship and that 
which it would have if the screw were turning in a 
fixed nut which exactly fitted the blades. The slip 
is obviously due to the yielding nature of the water. 

Blipper Slippep Block {Eng.) A Slidb Block 

Blipper Bpake {Eng.) A brake for vehicles ; 
running on rails. It consists of blocks attached to 
the frame of the vehicle in such a way that they can 
be thnist down on the rails, thus checking the motion. 
"’Blippery Iron {Met.) Cast iron containing 2 or 3 
per cent, of manganese ; so called because it is capable 
of acquiring a very smooth surface, suitable where 
there is much friction, as in the cylinders of 
engines, etc. 

Blip Proof {Typog.) A proof pulled when the 
type or matter is on the galley, i.e. before it is made 
up into pages. 

Blips {Bind.) The ends of the bands or cords to 
which a book is sewn. They eventually serve to 
attafjh the book to the millboards, into wiiicb they 
are laced and then hammered. See Bands, Boards, 
Bookbinding, and Lacing In. 

Blip Winding {Lace Manufac.) The operation 
of winding cotton or other material from skeins or 
hanks on to wood or similar bobbins. 

Blip Winding Engine {Imcc Manvfao.) A machine 
for aco(>mplishing the foregoing operation. 

Blit ( Met.) The technical term for the nail rods 
used by nail makers, because they are made by 
passing bars through a slitting mill {q.v.) which slits 
them up into rods. 

— {Phye,) A narrow ripening used in spectro- 
scopes and other pieces of apparatus in order to 
obtain a narrow beam of light. The slit is usually 
formed in a diaphragm furnished with a device by 
which the width of the opening can be adjusted. 

Blitless Bpectroieope {Aetron.) When a spectro- • 
scope is u.sed without a collimator, that is, w'hen , 
parallel light rays are under investigation, the in- ! 
strument is termed a slitless Hf)ectroscope. Another < 
name is an objective prism spectroscope, or, when 
used for photography, a prismatic camera. 


Blitting FUe A file with a thin blade like ; 

a knife, used in filing a tbin groove. I 



the bar iron, as it is fed between the rolls, like a 
rotaiy shearing maobine, 


BlivttP {Tesitile Mwnvfao,) A colleotion of cotton,, 
flax, or woollen fibres whioli have been formed into 
a tape-like strand for the purpose of being subse- 
quently spun into yam. See BovE, Blubbing anS 
Linen Manufactube. 

Blop Closets {Sanitation). Closets which are 
flushed by means of the slops or refuse liquids of 
the household, instead of by clean water. There are 
two kinds, viz. those in which the waste water runs, 
directly into the basin and those in which, in order 
to obtain a better flush, the waste water is crdlected 
in a siplion, cistern, or tipper, and then discharged in 
a .sudden flush; these latter are known as '‘automatic 
slop closets.” A number of these closets can be 
placed on one drain, a single trap, placed at the 
iMJttom of the manhide, serving for the whole — a 
ventilation shaft bciug provided at the upper end. 
Slop closets are now placed in many working class 
houses in the Midlands. 

Blope Tile. A glazed earthenware rec.eptacle in 
which draughtsmen’s colours are mixed ready for 
use. It contains a number of shallow pits with 
sloping bottoms. 

Slop hxvik {Sanitation). Usually a large "short* 
lioppm-” china basin with a siphon trap below, fur* 
nislied with a grid to prevent obstrnction in the pipes. 
The trap should be connected with the soil pipe,, 
the basin provided with a flushing rim, and flushed 
from a water waste preventer. A slop sink should 
only be used when it is undesirable to discharge 
slops from bedrooms or hospital wards through the 
water closet. 

Blot {Eng.) (1) A general term for a long narrow 
recess or aperture, particularly one in which a pin or 
block flts. (2) A continuous narrow opening be- 
tween the rails of a cable-tramway, by which the 
grip on the car effects connection with the travelling 
cable. 

Blot Drilling {Eng.) Catting a slot by means of 
a kind of revolving drill. The drill has no vertical 
motion, the feed being entirely due to the motion of 
the piece of metal, which is moved along by a table. 

Slot Link {Eng.) The slotted link used in the 
Link Motion {q.v.) 

Blotted Armature {Eleqp- Eng.) An armature irt 
which the conductors lie in slots or grooves instead ■ 
of on the outer surface. 

Slotting ( Eng,) Catting a Slot {q,v.) 

Blotting Machine {Eng.) A modification of a. 
shaping mac bine in w^hich the tool moves in 

a vertical line. It is used for cutting Key ways 
{q.v.) and in various other operations. 

Blotting Tools {Eng.) The tools used in the 
Slotting Machine {q.v.) They resemble those u.sed 
in mctal-turning lathes, so far as the form of the 
cutting edge is concerned ; but they are often bent 
to enable the tool to reach the work, as they move 
along a straight line which is the direct prolongation 
of tlioir own axis. 

Blubbing ( Sjrin?ihig, ftj.) The jjrocess in 
spinning in which the strand or sliver {q.v.) is not 
only fuither drawn out to a hmaHer diameter, but 
also first receives a slight- twi'.>t as it is wound on to 
a bobbin by means of a " flyer ” affixed to a spindle.. 
The resultant drawn and partially twisted sliver is 
also termed a Blubbing. C/. Rove, Roving. 

Blubs {Cotton S/nnning). Thick places in cotton 
yarns caused by feulty preparation in the spinning 
processes. 
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Sludge etc,) The muddy sedioient de- 

posited in ik bioilei:: 

— ^ (fSanitation). The solid and semi-solid 
portions of sewage, separated from the liquid 
portions by settling or precipitation. 

filadge Cock {Eng.) A wide tap at the bottom of 
a boiler through which much of the sediment can 
be washed out by a brisk supply of water from a 
liose. 

Bloloe {Civil Eng.t Minirig^ etc,) (1) A channel 
constructed for the purpose of conveying water in a 
given direction ; the water so conveyed, ('f. Flume. 
(2) A sliding gate or other contrivance in a lock gate 
or dock gate for eifeeting or controlling tlic psissage 
of water. (3) In mining, a trough with an arrange- 
ment at the bottom for holding quicksilver, in order 
to separate the gold from the placer diit when 
•carried through by a current of water. 

Slop {Mritic), A curved line placed over or under 
tw'o or more notes of different pitch to show that 
*they are to be performed Irgato {q.v.) The slur 
plays ail important part in phrasing, and indicates 
that the first note under the slur is to be accented, 
and the last note unaccented and played staccato 
e.g. 

DuS8£K. 



As will be seen from the next example, the slur often 
removes the usual position of the accent : 


Dusskk. 








An exception to this rule is when two notes in slow 
time or two long notes are slurred, also when groupN 
of three, four, or more notes arc slurred together, in 
which case the slur signifies simply legato \ should the 
slur, however, extend to the accented I notes, as in the 
following example, the above rule holds good : 

WEttER. 



In vocal music the slur indicates that those note^ 
‘ ‘ slurred ” are to be sung to one syllable. In stringed 
instrument music the slurred notes are played by one 
stroke of the bow. See also Staci’ATo and Tie. 

(Print.) When from any cause during the 

actual process of printing the impression is smeared, 
it is said to slur. 

Slype {Arohiteet.) A mediaeval name fora narrow 
passage between two buildings. 

Sm (Ckem,) The symbol for Samakiuai (^.r.) 

Small Capitals ("Pypog.) Of a smaller .size thaji 
tlie legular capitals of a fount. ITiey are used for 
running titles, chapter lieadings, side headings, and 
for empha.sising certain phrases, proper names, etc. 

Small Circle (Geom.) The circle formed by the 
intersection of the surface of a sphere wdth any plan** 
cutting it, but not passing thnmgh the centre. See 


Small Octave {Musio), The octave between tenor 
; C and middle C. See Pitch. 

I Small Pica (Tgvog,) Type between Pica and Long 
1 Primer in size. Ae Tvpbs. 

Small Post (Paper,) A sheet of writing paper 
measuring 19 x 16^ in. 

Smalt. See Cobalt Compounds. 

Smaltine (Min,) Cobalt diarsenide, CoAs,; com- 
: position variable as a passage to Cloanthite (nickel 
! diarsenidc) is observed. Cubic, in brilliant tin white 
crystals ; also massive. It is usually associated with 
other ores of cobalt and with ores of copper, silver, 
nickel, and arsenic. From Cornwall, Force Crag in 
; Cumberlanri, Argyllshire, and Htirlingsbire. More 
' abundantly abroad at Freiberg. Bcbneeberg, and 
, Autiaberg in Saxony, in Bohemia, Tunaberg in Sweden, 
Chili, Missouri, etc. 

Smalto {Dec.) Koman mosaic work, composed of 
very small squares of coloured glass. 

Smelting (Afet.) The separation of metals from 
their ores hy the combined agency of heat and 
. chemical ai tion. The process usually requires the 
addition of Fluxes (g.v.), and oxidising or reducing 
agents which may consist entirely of gases formctl 
‘ in, or introduced into, the furnace. Cf, Melting. 
See also Metalluegy. 

Smith (Eng.) A general term for a iiKic.hanic who 
‘ forges metals with a hammer, but often <listinctively 
! applied to a blacksmith, i.e. one who produces 
wTought-iron work, a.s distinguished from a cop]H‘r- 
smith. tiiiMnitb, and whitesmith. 

Smith's Shop or Smithy. A forge ; a. worksh<q> 
provided with hearths and anvils, etc., and in a large 
shop with power hammers, cnines, and other 
machinery. 

Smithsonite (Mia.) In Britain this term is 
sometimes lJ^ed for IlEMiMORPTiiTE {*[.»'.) j but it has 
been userl in America f*)r tiie Cari>4jnate of Zinc, 
Calamine. 

Smoke. Toe gaseous products of combustion 
mixed with other gases given off by fuel, together 
with a great number of fine j*articlcs of unburnt 
carbon. Smoke tlius consists largely of fuel which 
is being wa.'«ted. 

Smoke Box {Entj.) A chamb*!r in a locomotive or 
othtir tin*- tube b*>iicr at the end of the tubes or flues 
opi>osiU; to the fire-box. The proilucts of combustion 
collect in the smoke-box in their passage to the 
i .smoke-.siack. Sife Boilers. 

SmokeleBB Coal {Eng.) Anthracite and similai 
vari«*ties of coal. CoAL. 

Smooth Cut File {Eng.) One with a considerable 
number (c.g. 70) of teeth to the inch. 

Smoother (P'oundry). Sfc Sleeker. 

Smoothing Plane {Carp, and Join.) This tool is 
, useil f*»r .smnf>thing the surface of wo(»(l after the 
jack and trying plane have been used. See also 
Plankh. 

Smorzando, Smorzato (Music), Bmothoring the 
tone ; eriuivalent to morendo. 

Smudge {Plumh.) A mixture of lampblack, 
chalk, etc., Used to prevent solder from adhering to 
lead where not required. 

Sn (Chem.) The symbol for Tin (q.v.) 

Snap (Euf/.) The cup-shaped tool used for closing 
or forming tfui liead of a rivet. The tool is held over 
; the head of the red hot rivet and struck with a 
hammer. 
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Snap Head Rivet {Eng,) A rivet with a oup- I 
Hliaped head, formed by a snap. | 

BnaFls {Coi^on SjHnning, cto.) Twisted loops or ' 
kinks which appear at intervals on a thread ; caused ' 
mainly by uneven tensioning or bad setting of the : 
faller mechanism and carriage of a mule. 

Sneck (Iluild,) A local term for a latch or door : 
fastening. 

Snecked Rubble {Build.') Masonry formed of ' 
rough irregular stones, but ari-anged in such a manner 
as to secure an effective bond. 

Snell’s Law (Light), When a ray undergoes 
refraction {g.v.) in passing from one medium to ! 
another, there is a ratio between the sine of the 
angle of incidence and the sine of the angle of 
rof I action which is constant for any pair of media, or 
, tSfin i _ 

Shi 

Str also Bkfractiok and Index of Refbaction. 

Sniftlnd Valve {Bng.) A valve used to allow the 
esvajH; of gases, watc*r, etc., from an enclosure when 
tiie pressure exceeds a certain amount; also called 
a Blow Valve or Tail Valve. 

Snips. Shears for cutting zinc, tinplate, etc. 

Snow (Meteorol.) Snow consists of the aqueous 
vapour of the atmosphere precipitated in the form of 
light, loosely packed' masses of ice cry.stal.s. It may 
be said that one foot of snow represents roughly 
about one inch of rain. 

Snow Guards (Build.) Iron rails, etc., Hxed at 
the eaves of a roof to prevent the sudden fall of large 
masses of snow from the roof. 

Snow Line (^f(‘tf'orol) A line that marks the 
hcigiit below which all the snow that falls uunuall} 
melts during the summer. Above this line lie.s the 
region of perjietual snow. 

Soakers (Plumh.) Pieces ot lead or zinc fixed in 
the angle at the junction of a wall and the slates on 
a ro<jf in (uder to prevent the rain running down the 
wall inside the roof. 

Soaking (J/cf.) Allowing a freslily ca.st ingot of 
.stetd to remain in a SoAKINO Pit (</.?’•) in order that 
its temperature may become unil\»rm throughout, 
prior to rolling. If allowed to cool in the air the 
ontsidti oot)l.s much more rapidly than the interior, 
which inri> remain in a fluid condition for some 
time. 

Soaking Pits (Met.) A bed of brickwork moulds 
in w'hich the freshly cast steel ingots are placed as 
soon as stripped. When once heated, the pits arc 
kept hot by the fresh ingots. They arc usually built 
below the floor of the rolling mill, and kept covered 
to exclude air. 

Soap. In popular language this is a substance 
soluble in water and possessed of lathering and 
detergent proj>erties. These qualities are practically 
restricted U) tlie soaps of alkali metals. A soap is 
a salt of whicli the basic radicle is a metallic oxide, 
while the acid radicle is derived fi-oin a fatty acid. 
Fats, such as tallow or linseed oil, arc oompound.s 
in which the radicle of an acid replaces hydrogen in 
glycerine. The acids c<)ncerned are therefore called 
fatty acids, and in the making of a soap from a fat 
the glycerine is formed and set free. Many of the 
soaps are, however, far from conforming to the 
popular conception of a soap. The term “ soap ” is 
practically conhned to the potash and soda salts of 
the highest members of t he fatty acid series, especially 


palmitic acid and stearic acid. With potash we get 
soft soaps, with soda hard soaps, and intermediate^ 
varieties by the use of both alkalies. The soapa of* 
the heavy metals are insoluble ; and although they 
have their uses, they refuse to wash anything; , The 
manufacture of soap is of considerable autiquity, but . 
cannot be traced back much before the begimii^ * 
of the Christian era. Pliny describes a product fnMed . 
goat tallow and wood ashes, and Pompeii possesal^ 
a soap factory. Of the chemistry of soap nothing 
was known before the time of Chevreul. The Pbo* 
CESSES OF Soap Making fall under two great heads. 

In one set the fat itself is treated with the alkali 
direct ; in the other the fatty acid is first prepared 
from the fat and then treat^ with the alkali after 
the separation of the glycerine also formed. The 
former principle was the only one used until com- 
paratively recently; but the latter is fast gaining 
ground, and seems likely to supplant its older rival 
altogether. One great reason of this is, that when 
the new methods are adopted it is far cheaper and 
easier to extract the glycerine (which has a higher 
price than most soaps) than is the case when the 
fat is saponified direct. The indirect saponification 
methods, if the term may be allow^ed, are ^ain- 
subdWisible into two. In one the fatty acid is- 
produced by chemical means, and in the other the 
production of acid and glycerine is the result of the 
action of an enzyme from a seed, especially from 
the seeds of the castor oil plant and those of the- 
wild liquorice (Abrvs preeaiorius). Taking the older 
method of direct saponification first, we find that to 
make a hard soap the fat is boiled with a caustic 
soda lye until the whole of the fatty acid has- 
been converted into the alkaline salt. The quantity 
required for a given weight of the fat (or, more 
usually, mixture of different fats) is roughly known,, 
and gradient tests exist by which the progress of 
the saponification may be estimated. When saponi- 
fication is complete the soap is in a state of solution 
in the water present, and must be precipitated. This 
process is called Uelarginq, and is done by throw- 
ing in dry common salt. This dissolves in the water,, 
and forms a snlution in which the soap is insoluble. 

It therefore rises to tlie tup in the solid form, and; 
tlie snb-lye, containing tlie salt and glycerine, is- 
nin out from beneath it. , Before rclarging, the .soap 
maker judges by the Taste or “touch’' whether the 
soap contains too large an excess of alkali or toa 
large an excess of fat, adding more of one or the 
other as may be reciuired. When the sub-lye has 
been drawn off, the soap is finished or clear boiled 
by. boiling with lye too strong to dissolve it. This 
purifies it, and the sub-lye having been again run off, 
the soap is ladled into the frames, where it sets. 
Tn some cases in making high priced soaps, a 
•‘cleaii.sing boil,*’ or even tw'o, is given after finish- 
ing. This is d‘»nc with strong salt water, and its 
ol)ject is to free the soap from dirt and any excesa 
of alkali. A soft soap is much simpler to make, as 
no relarging is required. The above description is*, 
an outline of a typical process, but the details vary 
almost indefinitely, according to the fat used and 
the purpose for which the soap is intended. Soaps 
are, of course, MEDICATED, SCENTED, and Dved in 
many ways. Tn the l>est soaps the <lrug or scent is 
added by milling, i.e. cutting the soap inlo thin 
shavings, which are then wetted with the liquid to 
be incorporated and again made into ca&es or bars 
by being pressed through a moulder. A majority of 
the soaps upon the market are ** filled.” Fillings : 
Boap has the power of incorporating with and bolding 
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large quantities of foreign matter. Boslu, common 
salt, potassium chloride, potassium and sodium sul- 
phates, farina and water glass, are all common 
fillings. They are to be regai-ded as adulterants 
pure and simple, as they are cheaper than soap and 
do not possess its useful properties. It is true that 
rosin makes salts analogous to soaps with metallic 
oxides ; but these soaps, like lime soap or iron soap, 
are soaps only from the point of view of chemical 
classification. Rosin is ailded during saponification, 
the other fillings at the final stage before framing 
or even while the soap is setting in the moulds. 
The glycerine is sometimes incorporated with a soap— 
especially in the toilet soaps made by tlie so-called 
** cold process,” i.e. by extra strong lyes at tempera- 
tures well below boiling beat — but cannot be called 
a filling, as it is an essential part of the fat from 
which the soap is made. In former times, soap 
boilers made their own caustic alkali from quicklime 
and the carbonate of the alkali. This practice has 
been lessening ever since caustic soda could be 
cheaply bought ready made ; but it still pre\^ils to 
some extent on the Continent, particularly in Russia. 
When a soap is to be prepared by the iNDlKEO'i* 
Cheai ICAL Process, the fatty acid is simply neutral- 
ised with the alkali or its carbonate. There is no 
glycerine, and very little finishing is needed, as the 
fatty acid is always much freer from foreign matWr 
than the original fat. The fermentation method for 
producing the fatty acids consists of making a pulp 
-of the seeds of IficirmSt or of the plant chosen, and 
keeping it in the warm fat in the presence of mineral 
acid. It is claimed for this method that tlie 
glycerine obtaine<l pays all the expenses, so that 
the whole of the money received by the sahj of the 
soap is clear profit. ItosiK 8oap is used, as already 
stated, as an adulterant of ordinary soaps, but is 
also employed as a raw material for making other 
resinates, some of which, such as the re.siuaU's of 
lead and manganese, are used as d ryers by ^ arni.sh 
makei-s. If ro.siii is Ixjiled in solution of carbonate 
of soda, carb<»nic acid gas is given off, and a solution 
of soda combined with resinic acid is left. Jf, say, 
nitrate of lead is added to the solution of resinalo 
of soda, resinate of lead is obtained as a precipitate. 
Other resinates of heavy metals are obtained by 
similar methods. Rosin soap cmter.s into the com- 
position of some of the wateipronfing mixtures. 
Several patents have been taken out for using the 


solution of a metallic salt to one of common soap. 
Many of these insoluble soaps have pronounc«Al 
colours, and the mottling of soap is occasionally 
effected by stirring in a little solution of iron, 
which throws down its equivalent of dark iron 
soap. Nowadays, however, mottling is done chiefly 
by stirring ultramarine or black oxide of manganese 
into the soap in the frames, choosing the time for 
; doing so as late as possible, that the mottling may 
not accumulate at the bottom. The heavy pigment 
would rapidly sink if the soap were fluid enough. 
POLiHHiNG SOAPSare ordinary curd soaps into which 
some abrasive material, such as ground pumice stone, 
fuller’s earth, prepared chalk, kieselguhr, etc., has 
been crutched before allowing the pa.ste to cool in 
the frames. In the same way disinfecting products 
are also introduced. Soap Powbeb is chiefly ground 
washing stxia (or sometimes ordinary soda fish), mixed 
with varying percentages of dried soap, as it comes 
from tlie frames. Dvei no Soaps are ordinary house- 
hold soaps to which aniline dyes (with a mordant, if 
necessary) have been added prior to cooling. 8o- 
calletl .superfatted toilet soaps have some emollient, 
.such a.s lanoline, vaseline, spermaceti, incorporated 
by remclting or milling. The object is t-o correct any 
excess of free alkali, which tends to roughen the skin. 
I’he followdng arc a few typical analyses of soaps : - 



( ! 

TMIowCuni. . . . 6n*(»0 7*61 ' 0 50 0-2 , 211-84 

meaclisd Palm . . . 7 K3 0 40 2 0 trace , 28 *52 

Imitation OoBtile . . 01-45 l 8*48 Plrt 1-17 1-28 1 20 

Milled Toilet . . . 83-0 »*8 - 0 24 , - - 1 6-30 

Primroao *40-88 ] 7*12 0 14 0*14 0*07 ’ 80*25 

Olive MaraeilloB, No. 1 02*t»6 7*27 , O'^O : 0-7« 0 8 32*51 

TheTraneparaDtBoaps i | 

Odd firocetin . . . ,SS'0 5 v»7 2*22 ' — ■ — ■ i55-53t 

Spirit procem fillotl j 

with sugar . , . Oh'f, 7*7.'< — 26'07{ 

Spirit proceoN with- 

ont sugar . . . G8'l 7*0*2 - - ! — ~ 2 1*28 

_ I ' 

* AJsf‘ 15 i>er cent, of rusimms anliyUrides. 
t 28 ixr .;ent sugar. I 14 per cent sugar. 

Among soft Boap.s the following arc typical : — 


soaps of the heavy metals, such a.s the oleate, 
stearate, and palmitatc of alumina, in waterproof- 
ing. I^ad plaster, or oleate of lead, a well known 
insoluble soap used in medicine. Lime Soaps are 
used in making cheap lubricants, and on the Con- 
tinent are precipitated from waste batlis of ordinary* 
, aoap for the preparation of illuminating gas. The 
soaps of alumina, zinc, and magnesium are used to 
Increase the viscosity of heavy machine oils. In 
candle making, lime .soap is largely used, and it is 
also employed in making fatty acids, the fat being 
saponified with milk of lime under a pres.sure of 
160 to 180 lb. to the square inch, and the lime soap 
being afterwards dec-ximposed with dilute sulphuric 
acid, which forms sulphate of lime and sets free 
the fatty acid. The acid rises to the surface of 
the water, and is skimmed off, while the insoluble 
sulphate of lime forms a sediment at the bottom. 
With the exception of lime soap and lead plaster, 
no heavy metal soap is made by direct saponification. 
Lead Plastbb i.s prepared by heating olive oil with 
tithaige and lime soap, as just described. The 
i)tbers are obtained as precipitates by adding a 


H<xip. 

Fatty 

. Alkali 

1 Water, Ralts, 

1 AcirlH, 

! (K.,0). 

; (lily con ne, etc. 

Rape Oil . . . 

! r>i*7 

1 10*0 

* ?18*;4 

Olive . . . . 

1 48*0 

: lOO 

420 

I^ondon make . 

4r>*o 

: 8-5 

46*6 


&*€ also Soft Soaps, White Soap, Yellow Soap. 

Soap Bark {Botany), The soap tree of South 
America {QuilUiia saponariax order, Rosacea) yields 
the soap or I’auama bark used in medicine, and as a 
cleaning agent for silk and delicate fabric's. 

Soap Babbles {Phys,) The walls of a soap bubble 
are formed by a thin film of soap solution, which 
tends to contract owing to the surfaoe tension of its 
two surfaces ; this tei^ency to contract is counter- 
acted by the pressure of the enclosed air or Other 
gas, which is always greater than the pressure of the 
external air. If jt be the difference between the 
internal and external pressures, T the surface tension 

4T 

of the bobble, and r its radius, then p = — , 
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SoapitoiiA {Min*) A mafisive variety of TAtiO 
(^.v.) It is used in the East for ornamental oarving 
and taming. Commercially it is used in the manu- 
facture of gas bnmers, as a dry lubricant, in the 
manufacture of porcelain, and on account of its 
absorptive property when in fine division for removing 
grease from cloth. 

Soapanda {Eng.) Used as a lubricant for the 
•cutting tools in working wrought iron and steel. 

SoaTOy Boavemente {Mime). Sweetly, delicately. 

Book {ArohteoL) The light low shoe worn by 
•comic actors in Greek and Roman drama; the 
symbol of comedy. Of* Buskin. 

Bocket {Carp, and Join.) The recess or opening 
into which the pin of a dovetail fits. 

{Eng., etc.) A hollow or cavity into which 

jiome object fits, especially the enlarged end of a 
length of pipe. See Faucet. 

Bocket Chisel {Carp.) A heavy mortising chisel 
with a tubular metal socket or handle, into w hich a 
wooden handle is fixed. 

Boole {Architret.) A slab-liko member, square in 
plan and less in height than in width, used under a 
pedestal or vase, A Continued Socle is similar to 
the above, but is continued round a building, instea<l 
of being used only under certain members of it. 

Boda {Chent.) A name looseh’ used to denote 
either sodium hydroxide or sodium carbonate. The 
context alone enables one i(» tell what is meant. In 
some analytical reports the word means sodium 
oxide, Na,0. The term soda is not used, or only 
where no ambiguity can arise, by accurate writers 
on chemistry. See aUo Alkali and Rodium 
OOMPOUNDB. 

Boda Ash {Chem .) Dry commercial sodium car- 
bonate. See Alkali. 

Boda Bleach. See Sodium rKBoxiDB, %uider 

Sodium (-ompounds. 

Boda Crystals {(' hem .) Crystallised .«:odium car * 

bonate, Na.,COglOH.p, Alkali. 

Boda Nitro {Min.) Nitrate of sodium, NaNO,. 
Soda =« nitric acid =« 63’5 per cent. Rhombo- 
liedral ; also in efflorescent forms. White, greyish, 
or brown. It is u.sed in the manufacture of nitric 
acid and potassium nitrate. It occurs as a surface 
<leposit oil the Pampas of Chili. It is a common 
iissociate of Gypsum, Rock Salt, etc. 

Boda Waste {('hem.) Same as alkali waste. See 
Alkali; Chance's Pbocicss; aiid Sodium Thio- 
sulphate, under Sodium Compounds. 

Bodiun {Chem.) Na. Atomic weight, 23. A 

silvery white metal which rapidly be(;omes coated 
with oxide on exposure to air. * Hence it is kept 
under hydrocarbon oil in a weIl-stoppere<l bottle. 
On the large scale it is washed with oil and jnit up 
in hermetically sealed drums. At oi’dinary tenipem- 
tures it is very soft, and can be moulded in a sodium 
press, but at —20° C. it possesses or< Unary metallic 
hardness, and is malleable and ductile in an atmo- 
sphere that cannot oxidise it. It is one of the 
lightest of metals (sp. gr. » 0*973), and is fusible 
and volatile (m.p. - 95*6® C.. b.p. « 742° (\) ; specific 
heat te 0'29 (solid) and 0*24 (liquid). Although 
generally seen in sticks, sodium can be crystallised 
in a similar manner to Prismatic Sulphur* Recent 
investigations show that the molecule of sodium is 
monatomic. When sodium or any compound con- 
taining it is introduced into a colourless Bunsen 


burner flame a vivid yellow flame is produced^ even 
by extremely small quantities. Sodium ia stable in 
perfectly dry air or oxygen, but it oxidises readily in 
moist air; reacts very energetically with water, 
replacing half the hydrogen at the ordinary tempera- 
ture, and forming sodium hydroxide, 2Hj,0 < 4 - 2Ka » 
2NaOlI + Bj^ It combines directly with sulplmr and 
with the halogens ; dissolves in liquefied ammonia, 
and reacts with gaseous ammonia to make sodamide 
{g.v.) It combines with hydrogen to make the 
hyd ride ( NaH ). Di lu te acids have an energetic action 
on sodium, which is very high on the electro-positive 

• scale ; hence if it were practicable to employ it instead 
I of zinc in a voltaic cell, a very high E.M.F. would 
' be obtained. It forms only one important alloy, 

I viz. with potassium. The alloy is fluid at ordinary 

temperature, and has the appearance of mercury;' 
sometimes used in thermometers, as it is fluid up to 
440° 0. Sodium Amalgam is formed by putting 
clean pieces of metallic sodium very carefully into 
mercury in a porcelain mortar ; much heat is evolved. 
The amalgam wdll slowly decompose water, and can 
be employed to amalgamate iron and platinum. It 
is also used as a reducing agent in organic chemistry 
and as a solvent in extracting gold and silver. 

, Hodiiim occurs native, principally as common salt 
. (sodium chloride), NaCl ; also as borax (sodium 
pyroborate), Na^B^Oy, and as Cbili saltpetre (sodium 
nitrate), NaNO,. These salts, being soluble, could 
only be deposited in an almost rainless climate. 

' Other sources of sodium are insoluble, e.g. the mineral 
cryolite, NajAlF^, also the mineral Albite and the 
. Bodalite group of silicates. Prbpakation: in Castner’s 
' process fused sodium hydroxide is put in a large 
, tank heated to about 330° C. The negative electrode 
{ or cathode at which the sodium comes off passes up 
into the liquid from below, and is surrounded at the 
top by wire gauze. The metal floats in the molten 
liquid, and is ladled out at intervals. — H. W. H. 

i 

Sodium Compounds. Rodium Monoxide, Na^O, 

• although theoretically the normal oxide, is not the 
most important ; obtained by heating sodium with 
the theoretical quantity of sodium nitrate, 

lONa + 2NaN0,=6Na,0 + N.,. 

It is a grey, fusible powder, and is soluble in water 
without evolution of oxygen, Na^O + H,0«2Na0H. 
Sodium Peboxide, Na^Oj. Sodium in thin pieces 
I is placed on aluminium trays and allowed to travel 
slowly down iron tubes kept at 300—400° C. Air free 
from water and carbon dioxide is passed over and 
oxidises it. Sodium peroxide is a white, friable mass ' 
j with a faint yellow tinge; not deliquescent when 
. pure. Dropped into cold w*ater it dissolves with ^ 
scarcely any chcmi(^al action ; but if cold water be ' 
droppe<l upon it, torrents of oxygen are evolved*, ^ 
This makeM a convenient labomtory method for pre- 
fiaring oxygen. Sodium peroxide is decomposed by 
hot water, 2Na.t». 2Tlj,0 ~ 4Na01] + 0 On moderate ' 
heating it simply darkens in colour, ft acts violently 
on any oxidisablc organic substance (e.g, it sets 
. (>aper on tire). It is dangerous to heat it on char- 
coal or to add concentrated sulphuric acid to it. It 
, jHJts fire to glacial acetic acid, absorbs carbon 
‘ dioxide, and evolves oxygen ; but the volume of the 
I oxygen is only one-half that of the carbon dioxide, 
2Na.p.j + 2CO,=2Na2CO--» 0.^ This may be used to 
prove the formula. Soda-bleach is a solution of this 
substance in dilute hydrochloric acid, and acts like 
hydrogen peroxide. Sodium Hydboxide, NaOH " 
(caustic soda) : Obtained (1) as described under 
i Alkali (j'.v.), (2) by precisely similar methods to 
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those described for putassiuiu hydroidde. See 
Potassium Compounds. Sodium hydroxide may 
be purified for use as a reagent by dissoWing in 
alcohol and filtering, afterwards evaporating to diy*- 
ness in a silver dish. Solid sodium hydroxide, on 
exposure to air, forms a viscous liquid by absorbing 
water, and aftorwanls becomes coated with carbonate 
by absorption of carbon dioxide. Soluble in ^'ater. 
with considerable rise of temperature; fuses at 310° C., 
and in the fused state attacks glass. For uses nee 
Alkali. Sodium Hydbidk, NaH (Moissan): Ob- 
tained by heating sodium in dry hydrogen to about 
370®C. ; forms white crystal8(sp.gr.*92), spontaneously 
infiammable in moist air. It liberates carbon from 
carbon dioxide; wdth water it gives caustic soda 
and hydrogen, NaH + HaOssNaHO + TTj. Sodium 
Ohlobidb, NaCl: Found native (impure) as rock 
salt; also obtainable by evaporating brine. I'lirt' 
sodium chloride can be obtained from strong brine 
by leading a current of hydrochloric, acid gas through 
it,, thus increasing the concentration of chlorine ioius 
and precipitating small crystals wliich are washed 
in strong hydrochloric acid. l‘ure salt is of a clean 
white colour, and is slightly deliquescent. It is about 
equally soluble in cold and hot water. Strong brine 
boils at 107‘5° C. Bt‘sides its uses in the preparation 
of food it is employee] in salt-glazing eart.henware 
and in the manufacture of sodium carbonate and 
sodium hydroxide. Sodium IIypochloritk, N’aClO. 
See TIypochlouous Acid. Sodium Ohlokati;, 
NaClO, ; Pa^s chlorine into hot milk of lime, and so 
form chloride and clilorate of calcium. To the 
mixture a(id salt cake (Ka^SOJ and crystallise out. 
It is white and deliqne.seent. Unless mixed with 
potassium chlorate it is of no use for the preparation 
of oxygen. Its principal use is as an rjxidising agent 
in organic chemistry. Sodium Fluokide (NaF): 
Fuse dry sodium carbonate with tiuf)rspar-- 
" Ka/’O, + CaFg^ 2 KaF + OaO f ( 

The product is \%hitft and soluble. A solution of it 
is used in softening water for boilers. Sodium 
Sulphite (Na.^SOj) rr/ir/ Itisui.PiiiTE (SaHSOj can 
be obtained as follows: (1) Saturate a known 
quantity of sodium hydroxide nr carbtinate with 
sulphur dioxide gas (this givers the bisulphite), 

XaOJI + SOj- XaJISO,. 

(2) Add the same quantity of alkali to the saturated 
solution (this gives the normal sulphite), 

NaPI SO 3 + XaOH = Na^SO^ + 11,0, 

The bisulphite is the more useful a.s it contains a 
higher pt'rceritage of the valuable ingredient (SO„). 
It i.s used as a reducing agent, and is employed In 
photography, bleaching, and as a disinfectant. It 
forms orystalline derivatives of fixe<l melting point, 
witJi ald^ydes and many ketones. Sodium Meta- 
bisulphite, XtijSgO,; : Made by jiassing SO, ovei 
powdered wa.shjng sewia, Xa-Z’d^lOII^O. It is white, 
crystalline, and soluble, and smells of .sulphur 
dioxide. IT.sed for the .same purposes as the acifl 
sulphite, SoDiTTM Sulphate, Na^SO^: This sub- 
stance is obtained most cheaply from the Stassfort 
deposits. Tt can also be obtained by crystallising 
salt cake from the I.«eblanc process (alkali ruanu- 
factiire). Tt is u.ae<! in glassmaking ami in pre- 
'pjiring other sodium salts. Its solution in water is 
a mild aperient ((ilaubeFs Salts). SODIUM Thio- 
hulphate ( hypos iilphite), ; iTepare by 

adding sodium sulphate to calcium thiosulphate 
(obtamed from alkad waste, cahuuni sulphide, by 
atmospheric oxidation), ‘ : 

+ Ca8,Q3«Na;S,0,, + f i 


i Filter from the calcium sulphate and crystallise. 

, The crystals are large and clear. They dissolve in 
! water with fall of temperature ; but the solution is 
; not veiy stable. It & used in photography as 
**Hypo*’ to dissolve unaltered silver salts, and 
' in chlorine bleaching as an Antichlor. In analytical 
; chemistry it is employed in conjunction with 
; standard iodine for estimating oxidising or reducing 
; agents, 2 Na 558 jOg + l.^=Na« 840 j-»- 2 Nal. 80DIUM 
i Amide or Sodamidb (NaNH,) : I'ass dry ammonia 
1 gas over heated sodium, 2Na + 2NHj=s2NaNHa+ H^. 

' It is a waxy mass of crystalline structure, and is 
i chiefly interesting on account of two reactions ; 
i (1) With nitrous oxide (N./I), on heating, it yields 
! sodium azoimide, XaN,, (/fee AzoiMlDB). 

2XaNlI., + N.,0 - XaXg + XaOH + NH,. 

(2) On heating with carbon it yields sodium cyanide 
(used in extracting gold), NaNH.^-i-U»XaCN + Hj- 
Sodium Nitrite, NaNO^: Take one part of Chili 
saltpetre to three of granulated lead. Kiwe the salt- 
petre and add the lead in small quantities. The 
linal product is extracted with pure water — 

XaN 03 + Pb = XaXO.,+ PbO. 

A little caustic soda is also formed, and this tends 
to dissolve rbO ; if this be exactly neutralised with 
nitric acid, the PbO will be precipitated. A new 
process consists in reducing sodium nitrate by carbon 
monoxide in the presence of quicklime — 

XaXO^ + (’aO -h CO - XaXO, + CaC(\. 

It forms colourless deliquescent prisms, stable on 
heating. It is used in the preparation of dye stuffs 
fur the diazotisation of amines. If II be an organic 
radicle, 

RNJJ., + NaX( ) , + 211C1 « It - X = X - Vi + Xa< U + 2H.,< ) 
Sodium Xiteate, XaN 03 (also called (Miili salt])etro 
and cubic nitre) : Obtairietl from beds just below the 
surface soil in Pern and Cliili. Can h ) lecrxstalliscd 
if required pure. It is slightly deliqiu*s(jent, which 
unfits it for many jmrfioses (such as gunpowder 
making) to w'hicli potas.«;iim nitrate is applied. It 
is princ ipally omploycnl for manure and for preparing 
potassium nitrate and nitric acid, and on strongly 
heating it yields the nitrite with oxvgeii. SoDlUM 
Okthophohphates {see Phosphobic At ID) : (1) 
Tri sodium phosphate, Na^PO^. Obtain by adding 
caustic soda in suitable quantity to a Holiition of 
common sodium phos]}hatc and evaporating for 
crystals, NaJlJT)^ + XaOH « Na-PO^ H^O. It is 
strongly alkaline to litmus, ancl absorbs carbon 
dioxide, which decomposes it. It is quite* stable 
on heating, either alone or with carbon. It gives 
quantitatively a yellow precipitate with Silver 
Nitrate. ( 2 ) />/ sodium phospliate (commonest 
form), Nugll 1 * 0 ^ 121120 . Add sodium carbonate to 
phosphoric acid till no further efferve.scence. Filter- 
and <Tysr.allisc ; large csystals, the .solution of which 
gives a .sJiglitly alkaline reaction to litmus. On 
heating alone it yicdd.s the pyrophosphate (^-v.) 
When added to silver nitrate the silver fs all 
precipiiateil, hut the phospliate is not, and the. 
liquid becomes acid to litmus. 

3 AgN 03 + ^iNa^H J'O, =» Ag,PO^ + SNaNO, + NaH,J»0,. 
(3) Mono sodium phosphate (Nall^PO^). Formed by 
passing a rapid current of carlion dioxide Into a 
solution of common sodium phoiqphate. Large clear 
crystals with acid reaction. The solution does not 
completely f»reripitate silver nitrate. KoDlUM^ Am- 
monium Hydbookn Phosphate, NaNH^llPO^ ' 
(Microcosmic salt), is a white solid crystaUifunc^' in 
monocliuic prisms, which contain 4 moleotiles - of ^ 
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water ; very soluble in water ; decomposes on standing 
in forming sodium diliydrogen phosphate ; when 
strongly heated it gives sodium metaphosphate — 
NaNH.HPO^ = NaPO. + H^O + NH 3 . 

On this account it is largely used in blowpipe analysis, 
as the sodium metaphosphate so produced has the 
])ropei*ty of dissolving many metallic oxides when 
melted, and on cooling characteristically coloured 
beads are obtained. Microcosmic salt occurs in 
guano : it can be made by mixing .solutions of the 
common sodium and ammonium phosphates and 
allowing to crystallise, or by adding the requisite 
amount of ammonium chloride to a hot strong solu- 
tion of common sodium phosphate, when common 
salt crystallises out and is removed, and the micro- 
cosmic salt crystallises out on cooling — 

NajHPO^ + Nil, Cl = Na . NIT, . IIPO, + NaOl. 

Sodium Pykophospuatb, Na.Ppy: Obtained by 
heating common sodium phosphate, dissolving in 
water and crystal Using — 

2Na,HPO, - NaJ'A + 

Colourless crystals, alkaline reaction. Yields ortho- 
phosphate by boiling with dilute acids. Sodium 
Mbtaphosphatm, NaPO,: Easily obtained by 
fu'iing microcosmic salt and quicklv cooling the clear 
bead, NaNH.HPO, NaPO, NH, + H^O. A de- 
liquescent solid whose molecular formula is said to 
be (NaPOj),,. Coagulates albumen and gives a white 
pnH-ipitate with silver nitrate. Sodium t)BTHO- 
BoRATE, Na^POj : Fuse with caustic soda. 

Unstable pro<luct,B/\ + 6 NaOH = SNa^BOj + 3H.,0. 
Sodium Biboratb or Pyroborate, Na„B/), : This" is 
(common borax, and (!an be rc<'rystalnsed fio*n the 
native mineral. When heated it iiiturtiesces, and 
afterwards melts down into a clear glassy bead. 
Two different crystalline forms are known : (1) Octa- 
hedral, containing crystallising above 

( 2 ) Prismatic, containing lOH,/), formed below 56°C. 
Borax i.s used in cleaning because, (a) with water it 
yields by hydrolysis a certain number of ]iydr»)xjl 
ions, the detergent properties of which are vrell 
known, (b) On fusing it <lis 8 olves many metallic 
oxides, which act as films upon metallic surfaces. 
Stuf ahn Boron Compounds. Sodium Silicates 
(gee Silicon Compounds) : An indefinite mixture 
called Water Class is prepared by fusing finedy 
divided flints with caustic soda under pressure to 
200®C., and extracting with lK)iling water ; also by 
fusing sodium carbonate and saml with a little 
charcoal till all carbon dioxide is expelled, and ex- 
tracting with Imt waltjr. Colourless or yellow mass, 
semi-transparent. Decomposed when in solution by 
any acid, even earbonie. Used in fresco painting, foi 
hardening the suTfwe of stone, and for fireproofinjj 
. wood. It is frc(iuently lulded to the cheaper kinds oi 
soap. Sodium I'UNOSTATB, Na 3 WC\ 2 HjO : Fuse the 
nnneral wolfram with sodium carbonate ; extract 
with water and crystallise. It is used as a mordant 
in calico printing. Sodium St annate, Na^SnO,: 
Fuse powdered tinstone with caiisti<! soda, dissolve the 
resulting mass in w^ater, and crystallise — 

2NaOJl -I- SnO., « NaJsnO, -r tljO. 

It is chiefly used as a mordant for Eosine and othcr 
dyes. It undergoCvS change on exposure to air, being 
decom posed by carbon d ioxide. Sodium Cab donate 
(washing soda), Na^COjlGIIjO : Prepared by the 
I^eblanc method or Solvay method. See Alkali. 
It is white and crystalline, very soluble in water, 
making an alkaline solution. The crystals undergo 
aqueous fusion at 5(P C., then dry up and fuse at 


850“ C. (igneous fusion). Sodium Bicabbonatb, 
NaHOO,: Prepared by the Solvay process. See Al- 
kali. It forms small prismatic crystals, and is less 
soluble than the normal carbonate. The ctystals are 
decomposed by heat — 

2 NaHC 03 « Na^COg + COj, + H,b. 

Tbe solution is faintly alkaline, and on heating g^ves 
off C^O.^ When a little of this substance is mixed 
with flour and water and heated, the weak vegetable 
acids in the flour cause a gentle evolution of CO,; 
thus the substance acts as baking powder. SODIUM 
Sesquicarbonate, Na^H(C 03)2 + 211,0, is found 
natixe as Trona, and has been known from early 
times. Sodium Formate, NallCO,, or HCOONa: 
Neutralise some caustic soda with formic acid solu- 
tion. Forms a white deliquescent substance, giving 
sodium oxalate on heating — 

2HCOONa = Na^CA + Ha- 
lt is a redutiing agent, e.g, reduces silver nitrate. 
Sodium Acetate, KaCJ^IIA, or CHjOOONa: Treat 
pyroligneous acid, obtained from the distillation of 
wood, with caustic soda till neutral ; evaporate, and 
heat the residual sodium acetate till it fuses ; then 
recrystallise. It forms transparent and easily soluble 
prisms. Its principal use is, in analysis, to remove 
strong acidity from a solution. Suppose a solution 
contains free HCl (ionised), the addition of sodium 
acetate replaces this by free acetic acid (almost non- 
ioiiised), 

H 1 Cl + Na 1 CH 3 COO =Na ] Cl + HCH,COO. 
Sodium Then ate, NaCAPi NaOC'Ux- Formed 
by di^solving i>henol (carbolicacid) in sodium hydrate. 
It is while, becoming brown on exposure, and is one 
constituent of “ carbolic soaps,” being antiseptic and 
detergent. (For other sodium salts gee vnder the 
particular acid.) H. W. H. 

Sod Oils. The oils expressed from skins which 
in the process of currying have betm treated with 
cod, whjile, or olive oils. The French product 
(jVldellon) is obtained from skins used solely for this 
purfK)se. When refined, genuine sod oils are valuable 
fur lubricating watches and similar delicate me- 
chanLsm. There arc many' artificial or substitution 
mixtures that pass under the name. See a/jte DegrAS 
Arid Raising. 

Soffit (Ihiild.) (1) The under surface of an arch. 
(2) The umierside of a flight of stone Ktejxs. (3) The 
head lining of an oixjning. (4) The under horizontal 
face of an architrave between columns. 

Soft (Silk Ma7ivfac.) Silk from which the natural 
gum has been removed by a priKscss called “ boiling 
off,” in which it loses about 25 percent, of its weight, 
and become'* bright and lustrous. Cf^ Souplb. 

Soft Bpabb (Eng,, etiu') Brass which has been 
annealed. See ANNEALING. 

Softener. A large brush used in shading 
mechanical drawings. 

( Paint.^ A large soft brush used for disposing 

colour evenly, or for blending colours freshly laid on 
the canvas. 

Soft Ground Etching. See Engraving and 
Etching. 

Soft Iron (Eng.) The term applied in a general 
• sense not only to wrought iron, but also to cast iron, 
which can be dealt with fairly easily in the lathe or 
I by otlier machine tools. 

i Soft PaBte (Pot.) A term applied to porcelain, 
the body of which is of a composite character. In 
' its manufacture the greatest heat is given in the 

44 
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“bisque” CV.v.)» is thereby rendered trans- I 

liiceut and uon-poroua. The glaze is fired at a lower j 
temperature, and is therefore a ** soft ” -glaze, lying | 
upon tbe surface of the body. See Habd PASTE, | 
Glost Oven, and Pottery and I^obcblain. ; 

Soft Soap. A transparent, jelly-like substance | 
made from oil and potash. The oils vary consider- i 
ably, whale and seal oils, linseed oil, and tallow ; 
being sometimes employed, while fish oil is not ' 
infrequently used ; hence the disagreeable smell , 
which characterises some makes nf soft soap. Soft 
soap is used largely in linen bleaching works, as a 
basis for insecticides, for greasing the ways of docks, . 
and for domestic piirf)oses. St^e 8oap, 

Soft Solder. Solder composed of lead and tin, 
which has a low melting point an<l is easily worked 
with a s<-»ldering iron. 

Soft Water. Water free from the salts of calcium, 
etc. See Calcium Compounds, Clark’s Process, 
and Water. 

Soft Woods (Carj).) This tcrni, a.s applied bv ' 
carpenters and joiners, usu.ally includes the coni- 
ferous woods— firs, pines, etc*. ; but tlic term ivS not 
used in an exact sense. 

Soh (Mueie'). Tlic fifth degree of the scale in 
“iTjovable doh ” sy.stem. 

Soil, Formation of (Cfeol.) Soil i.s usually a 
mixture, in variable proportions, of clay and sand, 
often with rock fragments, and with more or less 
organic matter, ohiefiy of vegetable origin. Soils arc 
primarily due to the decomposition of rucks in 
general, and have been brought into their present . 
position by the separate or combined action of a 1 
large number of natural causes. Amongst these 
causes the influence of gravitation plays the most 
important part. Tlie transporting agents include: 
(«) Water in motion, which gives rise (1) to “rain 
wash on a hill shq-)c, (2) to lactistrinti depo.sits, 
(.3) to flood loam on the plains, and to other initial 
form.s of soils, The action of the wind in trans- 
porting dust from one locality to another, where it 
may be arrested by encountering a daraj) surface, 
as may be seen on a small .scale in the patches of 
moss on a wall, or of house-lcek on a cottage roof, or . 
it may be temporarily fixed by filtration through 
vegetation, which checks the velocity of the air 
cuiTent, and thus lessen.s its transporting power. 
(c) The continual action of worms in bringing up the 
finer materials frr»m the lower layer of the sul)Soil 
and leaving them at the surface. (^) llalu, which 
intercepts large quantities of du.«t from the lower 
part of ithe atmosphere, and deposits these on the 
surface. In the nuighbourhuod of large towns great 
quantities of soot are washed out <jf the air by the ' 
agency of rain, and thence into the soil. Dead 
vegetable matter forms no inconsiderable portion < 
of many soils. On upland hill slopes facing north- 
ward, or otherwise long out of the sunshine, this 
vegetable matter tends to change into peat, which 
is an important constituent of many soils in 
mountain districts. 

Boil Pipe (Plumb,) The pipe connecting a closet : 
trap with the sewer, 

Boile {Hygiene). In cold and temperate climates, ; 
ssinds and gravels, if fairly deep and without a 
substratum of clay, are the warmest and the driest. 
The next best soils are rocks, such as granites, lime- 
stones, and sandstones. Olay soils arc cold, and, 
owing to their impermeability, damp. I’ure chalk is i 
permeable ; but if mixed with or underlaid by clay, ! 


it becomes impermeable and damp. Shallow beds 
of gravel or sand lying on olay are bad, as they are 
liable to l>ecom6 waterlogged. See Sanitation. 

Bol {Mueie). The sol-fa name for G. 

Bolano {Meteorol.) A south-east wind, extremely 
hot and loaded with fine dust. Peculiar to Hpain. 
The Spanish proverb "Ask no favour during the 
Solano’* expresses its effect on man. 

Bolar Attachment {Surveying). An addition to 
the theodolite which enables the true meridian to be 
determined. 

Bolar Constant {Asiron.) The number of heat 
units which a .square unit of the earth’s surface, 
unprotected by any atmosphere, and exposed per- 
I)endicularly to the sun’s rays, would receive in unit 
time. See RADIATION. 

Bolar Heat {Axtron.) Ste Solar Constant. 

Bolar Radiation (Pbys., Meteorol., eto.) The 
transmission of radiant energy from the sun to the 
surrounding space, and in j>articular to the surface 
of the earth. 

Bolar Spectrum {Phy/t.) See Spectrum. 

Solar System ( The system in which arc 
included the sun, all the planets wdth their satellites, 
and minor planets. 

Solar Time, Apparent {Aatron.) Str Mean 
Solar Day. 

Solder* A fusible alloy umuI to form a joint in 
^‘crtain metals. See Soft Soldeu, Hard Solder, 
and SOLDERING. 

Solder Dot (i-*/ MW A) A small drop of soft solder 
used to cover the hctwls of screw .s employed in fixing 
sheet lead. 

Soldering* Uniting metallic surfaces 4)r forming 
joints by means of a fusible alloy {eee SohDKU). 'The 
efiicieiu'v of soldering depends on the intimate 
union of the surface of the metal operutc'd wpf)n 
with the alloy used as a solder. 'J’o effect tliis the 
surfaces are carefully cleaned, and in most- cases a flux 
is used during Hie operation, e.g. resin or a >olutiou 
of zinc chloride in .soft s(ddci'ing, or borax in hard 
soldering. The flux assists in removing oxide, etc 
from the metal while in the heated state. A suitable 
quantity of solder is applied to tlie joint, and fused 
by the application of a heated soldering iron or the 
blowpipe iiame. As the joint becomes hot, the solder 
melts, and runs, under the act ion of surface tension, 
.i-loi)g the portions which have been prepare<l and 
heated to the proper temperature. Soft solder is 
ea.sily caused to follow the track of the soldoring iron 
jis it is drawn along the joint ; but hard solder, 
which always requires the heat of a blowpipe, is more 
<(ifficult to manipulate, and the surfaces to be 
soldered require very careful preparation. Solder 
must of course have a melting point which is lower 
than that of the metals to l)e united. See aUo 
Soldering Iron, Hard Solder, a'nd Soft Solder. 

Soldering Iron or Bit. A tool con.sisting of a 
short thick rod of copper, mounted on an iron stem, 
with a wooden handle. The end of the copper portion, 
or Bit, is either pointed or chisel shaped. In use 
the bit is lieate<], rapidly cleaned, and Tinned or 
coated at tlie end wit!) s >lder, when it is ready to be 
applied to the joint See Soldering. 

Soldering Tongs* Tongs with a flat nose, used for 
brazing the joints of hand saws. 

Bole. A highly esteemed food fish, SoJea rulga/rie^ 
common to Bnrope. 
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Bole or Sole Plate {Eng,) A ba&e or bod plate. 

Boleil {Textile Mawufae.) See Ottoman Kib. 

Bolenneinente {Mmic), Holemnly, 

Solenoid {Elect,) A coil of \^ir6 wound into the 
form of a helix ; a tubular coil. 

Solenoidal Filament {Magjietism), A linear 
magnet, Lr, ‘ one whose breadth and thickness are 
negligible. It may be either straight or curved. 

Sole Piece ( Carp, and Join.) See Foot Block. 

Sol-fa Sol-fa-ing is singing notes to 

syllables instea<l of words. The syllables are : 

(Do) Ut, Be, Mi, Fa, Sol, La, Si. 

C, D, E, F, G, A, B. 

The fimt six syllables are suppost^l to have been 
invented by Guido d'Arezzo at tlic beginning f»f the 
eleventh century, ‘'as an aid to pupils in learning to 
read music,” and were taken from the first syllable in 
each division of a festival hymn f.o St. John the 
Baptist, the music to which (composed about 770), it 
will be observed, begins on the six ascending notes 
of the scale, C to A ; 


CDFDED DDCDBE 




Sol - ve pol-lu- ti La •hi -I - a -turn 
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.Sane - te /o-han<nes. 


The seventh syllable Si api)ear6 to have been added { 
at the beginning of the seventeenth century, and to ! 
Iiavc been suggested from the initial letter of the | 
two words in the last line, S, i. About the same 
time Do was substituted for Ut in Italy and England, 
as being Tiiore euphonious, and has been almost 
universally accepted. The oldest form of Solmisa- 
tion, i.e. the art of using syllables to illustrate the j 
scales, was en) ploying Ut or Do for the Tonic, and 
we now speak of tins as the Movable Do. This 
mode of using the syllables has the advantage of 
fixing iti the student’s mind the relationship of the 
several notes of the scale, as I’onic, Dominant, 
l^eading note, etc., irrespective of absolute pitch, 
and of com})clling him to determine the different 
modulations of key in a piece ; whereas the Fixed 
Do depends on absolute pitch, or rather on the study 
of intervals. See aUa Tonic 8ol-fa. 

Solfatara (6VW.) A volcanic vent amongst the 
recently extinct volcanoes west of Naples, whence 
sulphurous and other fumes come forth into the air, 
and w^here the products arising from the condensation 
of these fumes collect in the solid font) on the cooler 
rooks around the vent. These sublimed ])roduct8 


include a large number of substances of use in the 
arts, of which, as the name Bolfatara suggests, sulplkur 
is one. Similar vents from which arise emissions of 
various substances, volatile at a low temperature, are 
of common occurrence elsewhere in the neighbourhood 
of dormant and recently extinct volcanoes, to most of 
which the name solfatara is now usually applied. 
Hence volcanoes which have quieted down to the con- 
dition in which gaseous emissions have taken the place 
of the normal eruptions are said to have passed to the 
solfataric stage. The acid fumes give rise to some 
important modifications of the volcanic materials 
around tlic vent. 

BolfegC[io {Muitic). An exercise for the singing 
of music to the sol-fa syllables. Amongst the best 
known of the more easy “ solfeggi ” may be men- 
tioned Concone’s exercises. Solfeggi must not be 
confused with exercises in vocalisation; the latter 
consist of singing to one vowel, and not to different 
syllables. See Sol-fa. 

Soli {Mmn*). One to each part. 

Solid. That form of matter in which the mole- 
cules lie close togethcjr with little freedom of move- 
ment, and in whioli they cannot be separated except 
by the application of a definite amount of force. 
Maxwell define.*; a solid as a body which can sustain 
a longitudinal pressure without being supported by a 
lateral prc.ssure. 

Solid Angle. Three or more surfaces which inter- 
sect at a point are said to form, or to include, a 
Solid Angle, e.g. there is snob an angle at the top of 
a pyramid or at oacli corner of a cube. The solid 
angle subtended at a point by any given area is that 
formed by drawing lines from the given point to 
every point in the boundary of the area. The magni- 
tude* of the solid angle so formetl is the area out off 
on a sphere ot unit radius by the irregular cone 
fonned by the lines. 

Solid Drawn Tube {Eng.) Metal tubing which 
ha.s been formed by forcing or drawing the metal in 
a fluid or pla.sti(j condition over a mandrel or serie.s 
cd niaudreJ.*< ; a tube is thus formed which has no 
joint or .seam. Load, copper, brass, iron, etc., can 
be thus treated. 

Solid Frame {Carp, and Join.) A thick frame, 
with the rabbet and moulding worked on the solid 
stuff. 

Solidification. The process of becoming solid; 
freezing, crystallisation, etc. 

Solid Matter {Tgpog.) Type set without space or 
leads between the lines. 

Solid Rolled Girder {Eng.) A girder rolled in one 
piece instead of being built up. See Gibdkb. 

Solleret (.Jrm.) See Armour. 

Solmisation {Mu-tic). See 8oi^-fa. 

Solo {.Vueie). Alone ; a composition for one voice 
or in.*;trument. 

Soloist (Music). One who performs alone, either 
with or without music^il accompaniment. 

Solo Organ (Mi^ie). The manual of an organ 
having .stops of a solo character, and imitating as 
nearly as possible the different orchestral tones, 
such as flutes, clarionet, orchestral oboe, trumpet, 
tuba, etc. 

Solstices (Afftron.) I'be times when the sun is at 
its gn^atest distances from the equator. The dates 
are June 21 and December 22; the day is longest 
at the first or summer solstice, shortest at the second 
or winter solstice, in the northern hemisphere. 
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Soluble Blue. See Dybs and Dyeing. 

Soluble Castor Oil. Generally applied to castor 
oil that iias been hydrolysed with sulphuric acid to 
make Turkey red oil. It is also applied to castor oil 
which has been “ blown ” in its preparation as a 
lubricant, after which it becomes miscible with 
petroleum hydrocarbons. 

Soluble GlasB. A silicate of sodium prepared by 
fusing sodium carbonate and silica. It has a glassy 
appearance ; hence the name Soluble Glass, or 
Wateb Glass. It is used as a preservative for 
certain limestones, as it combines with the calcium 
to form an insoluble silicate. It is also used as a 
mordant in calico printing, for i>rcserving eggs, 
filling soap, and other purposes. 

Solute. A dissolved substance. 

SolutiouB (f V^m.) “ Homogeneous mixtures which 
cannot >)e separated into their constituent parts by 
mechanical means, the proportion between tlie parts 
being contin\iously variable between certain limits, 
with a corresponding continuous variation in 
properties” (^WhetJiam). The components of any 
gfiven solution may be elements or compounds, or 
both, and there is no restriction as to physical state. 
For example, sea water i.s a solution of many solids 
and several gases in the liquid water ; many alloys 
are examples of solid solutions, so also are mixed 
crystals. A few cases of solution are briefly con- 
sidered in what follows. UASLS in Water : All 
gases dissolve in water, but in very unequal amounts. 
Thus one volume of water at if dissolv cs 1,270 volumes 
of ammonia, but only *0226 volume of hydrogen 
When a gas is very soluble in water, chemical change 
occurs on solution ; ammonia, for example, forms the 
+ 

ions HN4 and OH. Again, hydrogen chloride forms 
+ — 

the ions H and Cl. Wheie no action occurs between 
the gas and w^ater, Ilejjry’s Law O/.v.) liolds ; in the 
case of a mixture of ga.ses, a simple extension (»f 
this law holds — every constituent of the mixtuie 
behaves as if the others were ab.sent ; this is some- 
times called the Law of Partial Pressures. The 
solubility of gases in water diminishes with increase 
of temperature ; by solubility of a gas is meant the 
volume of the gas divided by the volume of the water 
in which it is dissolved at any given temperature and 
pressure. The halogen acids are exceptions to this 
statement, for starting with a saturated solution of 
hydrogen chloride, for iustaiuic, at 0* and 7(>0 mm., 
and keeping the pressure constant, the solution 
changes in strength from about 40 per cent, by 
weight of hydrochloric acid to 20*24 per cent., as 
the temperature rises to 1 10°. liiguiDs in Liquids : 
Home liquids are miscible in all proportions, as 
alcohol and water ; others are partially miscible, as 
ether and water. When these two are shaken 
together, enough of each being taken, tw^o layers 
separate on standing, the upper one being a solution 
of about 3 per cent, of water in ether, and the lower 
one a solution of about 10 per cent, of ether in 
water ; others are practically non-mi.scible, as water 
and oil, or water and carbon disulphirle. In the first 
case the mixture may boil below the lower boiling 
cfuibtituent, above the higher boiling constituent, or 
between tlicse two. When the vapour pressure of the 
mixture attains a maximum value, then, on boiling, a 
mixture first approximating to and finally attaining 
the composition corresponding to this maximum 
vapour pressure will distil over, and that constituent 
whicii was in excess will remain behind. An example 


of this kind is a mixture of propyl alcohol and water. 
I When the vapour pressure of the mixture attains a 
; minimum, then, on boiling, that constituent which is 

• present in excess will distil over, and a mixture will 
remain behind corresponding in conipo.sition to the 
mixture of minimum vapour pressure. An example 
of this kind is a mixture of water and formic acid. 
When the mixture has no maximum or minimum 

‘ vapour pressure, then, on boiling, the lower boiling 
mixture will come over first ; thus a mixture of water 
and methyl alcohol can be completely separated by 
distillation. In the second case (partially miscible 
I liquids) it is clear that if the solubility of one liquid 
A in another B increases with temperature, while 
the solubility of B in A diminishes with rise of 
: temperature, then there will be a temperature al 
; which the liquids are miscible in all proportions ; 
this is the case, for example, with aniline and water, 
which are miscible at 114°, phenol (melts at 42°'^, and 
water at 80®. Again, the vapour pressure of a solution 
of A in B must be equal to the vapour pressure of a 
solution of B in A, when both solutions are saturated 
at the same temperature ; hence on distilling together 
the two layers formed by shaking two partially 
miscible liquids, distillation will proceed at a con- 
stant temperature so long as the two layers remain, 
and the distillate will have a constant composition. 
The boiling point may be above the boiling point of 
the higher boiling constituent, below that of the 
; lower boiling constituent, or between the two, 
according to the degree of mi8(‘ibility, the difference 
between the boiling points, and the effect of the 
vapours on each other. The third case need not be 
considered. An ijitercsting special ca.so illustrating 

• these cases is the following, due to Professor Vciing. 
Alcohol forms mixture.^ of minimum boiling point 
(i^. maximum vapour pressure) with waUT at 
78*16® and with benzene at 68*26° and is miscible 
with these liquids in all proportions. Benzene is not 
miscible with water, so that when the two are heated 
together tliey boil below the boiling point of benzene, 
viz. at 69*26°. Wlien a mixture in suitable pro- 
portions of all three is distilled, a constant boiling 
fraction of all three might be expected to come over 
at a temi»c*rature below any of the above; then 
should one constituent be removed in this way the 
ternary fraction would be followed by a liinary fraction 
boiling below either of its constituents. Lastly, 
the binary fraction should be followed by that single 
constituent whicli wa.s initially in exce.sH. Now, in 
fact, if a mixture of equal weights of benzene and 
strong alcohol (93 per cent, by weight alcohol) be 
dLstillcd in an efficient fractional distillation 
apjiaratiiH, these results arc very nearly obtained ; 
the ternary mixture, alcohol, water, benzene, comes 

, over at 64*84°, it is followed by a mixture of benzene 
and alcohol; and finally alcohol containing only 
1*4 per cent, of water and a trace of benzene comes 
over. On redistilling^this last fraction wdtb benzene, 
absolute alcohol can be obtained. Solids in Water : 
i The solubility of a solid in water is expressed in three 
different way.s : (a) in ordinary solubility determina- 
■ lions, as grams in 100 grams of water ; (&) in volu- 
metric analysis, and sometimes in the theory of 
solutions, as grams in 1(K) co. or 1000 cc.; (e) com- 
' monly in the tlieory of solutions, as gram molecules 
per litre ; in all cases the temperature is stated or 

• understood to be the ordinary temperature, 15°; the 
pressure need not usually be stated, as its effect on 
solubility is very small. Solids differ enormously in 
solubility in water ; e . g . barium sulphate, which is for 
practical purposes insoluble, is only soluble to the 
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extent of *00026 grs. in 100 cc. of water at 18®, while 
at the same temperature 100 grams of water dissolve 
203 grains of cane sugar. Ordinarily increase of 
temperature increases the solubility ; tlius potassium 
nitrate increases rapidly in solubility with increasing 
tempprature, while common salt increases very 
slightly J’OTASSIUM COMPOUNDS), 

and smlium sulphate, Ka^SO^, diminishes in solubility. 
8o1ntious of some, solids can be prepared which 
contain more of the solid at a given temperature 
than the amount of the solvent ])rcsent in the 
soliibion could bo made to dissolve if solvent and 
solid are shaken together at this temperature, no 
matter how long the shaking is continued ; such 
solutions are called supersaturated. Let 100 grams 
of water be boiled with sodium sulphate till it can 
take up no more of the salt ; now filter into a per- 
fectly clean flask, and plug the neck of the flask with 
cotton wool ; even when the solution has cooled to 
J5°, no crystallisation will have occurred. If a 
crystal of sodium sulpliate be dropped in, crystallisa- 
tif»n begins at once, and the salt separates out with 
evolution of heat ; whi'ii the system has cooled again 
to 15'’, it will (M)nsiht of soilium sulphate and a 
saturated solution of sodium snlpliatc. These 
supersaturated .solutions differ in no way except 
.‘'lability from unaaturatod solutions, and they 
are formed in virtue of what may be oalle<l phase 
inertia. When a substance undergoes solution, 
contraction usually occurs; tiiat is, the volume of 
the solution is less than the sum of the volumes 
<)t substance dissolvo<l ami of the solvent used to 
dissolve it ; alscfwhen a solution is diluted with more 
of th(‘, solvent, then* is usually a contraction. If in 
inakiug .salt solutions, (diemically equivalent quanti- 
ties of salts are made up to the same volume, certain 
relations api»ear between the densities of the solu- 
}supp<tse normal s<ilutions arc used and two 
bases are fixed on, say, potassium ami ammonium, 
then whatever acid these bases are combined with, 
there will be a constant (iiffen^nct* between tlie 
densities of the normal solutions KA and NJI^A, 
whcie A stands for the acid. \ similar statement 
holds fiir acids. Therefore, by taking the demsitics 
of a comparatively few normal solutions of siilts, it 
is po.s.sible to calculate the density of any normal 
solution. Example : The densities of normal ammo- 
nium and potassium chhirides are 1*0157 ami 1*0414 ; 
the difference is 0*0287 ; tlic density of normal 
ammoniuiu bromide is 1 052, or 0*0303 more tliau 
the chloride. Tlierefore the density of normal potas- 
sium bromitU; is (1*0157 + 0*0287 + 0 03t>3) ^ 1*0807. 
the actual value being 1*08. The density of normal 
ammonium chloride is taken as tlie standaid, and 
tlu* numbers added to it are I'alsons moduli for 
potassium and bromine respectively. Substances 
.S()]ul>le in water may bo divider] into two classes : 
(I.) Those that give solutions which conduct a 
cuiT 'iit of c]<;ctricit-y and are tlierehy decomposed : 
(11.) Those which <lo not eondiKJt a current of 
electricity. (3a.ss J, is found lo consist of acids, 
bases, and salts. The reason wliy membei*.s of this 
class condur-t and are thereby deconqiosed is that 
they are resolved on solution into ions which 

under the influence of the current are driven, at . 
speeds which for a given potential difference ami 
temperature arc characteristic for each ion, to the 
clcctrorles, and there give up their charges. The fate * 
of the ion when it gives up its charge depends on the . 
nature of the ion ; if it is not readily attacked by ; 
the solvent, it will be deposited at the electrode as a j 
solid, oi will escape there as a gas ; if it is attacked * 


! by the solvent, then chemical action will occur at 
I the electrode. Example: When copper sulphate 
I dissolves in water it decomposes in whole or pait, 

according to the equation CuSo^ ^ Cu + SO^. On 
sending the current through this solution un- 
decomposed molecules take no part as carriers of 
the current; but the copper ions ai^ driven to the 
negative electrode at a speed characteristic for them, 
and there they lo.se their charge, and are deposited 
as metallic copper, while the ions are driven to 
the po.sitive electrode at a speed characteristic for 
these and different from that of the copper ions, and 
at the electrode they arc deprived of their charge ; 
but the group SO^ is not set free — it attacks the 

+ 

electrically neutral water molecule, setting free 2H 
and aj>propriatiiig the charge on the oxygen which is 

2 - 

liberated, and thug reproducing the BO^ ion 80^ ; that 
is, sulphuric acid is formed at the anode. A salt or 
acid on solutJon does not always form simple ions ; 
many irregularities in the conductivity for electricity 
of salt solutions are accounted for by the formation 
of complex ions ; these complex ions arc generally 
formed by the union of simple ions with undis- 
.sociaiecj molecules : for example, in the case of 
cobalt chloride at great dilution it ionises thus : 

„ "" 

0()Cl.,.^Co -f 2C1, but in strong solutions the action.s 
_ 2 - 

C1 -h CoCl>= Oo(^l 3 *^“<1 2C1 + CoCljj-CoCl^ 
probably occur. As the ions arc the carriers of the 
current, the conductivity (by conductivity may be 
understood molecular conductivity — that is, the 
reciprocal of the resi.stan(‘.e, expre.'^sed in ohms, of 
a solntiw.n containing one gram molecule of the 
dissolved snb.stance contained in a rectangular vessel, 
two opposite sides of which form the electrodes and 
are one centimetre apart-, while the other sides are 
llonconducto^^ ; the temperature must be constant 
and specified) of a strong solution should increa.se 
on dilution to a maximum corresponding to complete 
ionisation, and this corresponds with observation. 
Another deduction to be drawn from the ionic view 
of solutions is tJiat the ordinary reagents u^ed in 
qualitative anah".sis are reagents for ions ; when one 
te.sts for a oliloride in a solution by means of a 
solution of silver nitrate, then one i.s really testing 
forcldorine ions ; that although potassium chloride 
and p<»la.ssium chlorate each contain one atom of 
chlorine in the molecule, only the former will react 
with silver nitrate to form silver chloride, for these 
salts form ions in accordance with the equations 

K + W and K(.!10,$K + cTo,. 

It is clear that both .salts will give the reactions for 
pota.ssinni. The law of mas.s action (acc MASS 
Action) ajqdies to a solution which contains nn- 
(lissuciated molecules and ions. Suppose a solution 
of common salt is precipitated by an equivalent 
solution of silver nitrate, then we have the i*eaction 
+ — + — + “* 

Na + 01 + Ag + AgOl + Na + NO, ; 

but this is not all, for silver chloride is slightly 
soluble ill water, so there will remain some silver 
and some chlorine ions not precipitated, and a few 
iiiidlssociated silver chloride molecules. Now these 
ions will be in equilibrium with undissociated silver 
chloride, and the latter will be kept at constant con- 
centration by the precipitate ; hence we must have 
(law of mass action) pq « hr, where p and q are the 
concentrations of the silver and chlorine ions, and r 
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that of the silver chloride ; but kr is coustant, and 
therefore must be constant; is called the 
BoLUBiLiTY Pboduct in this case. If in the above 
case wo desire to precipitate all the silver, or as 
nearly as possible all of it, then a %lUjht excess of 
sodium chloride must be added so as to increase q ; 
for in this case, vc&pq is to be constant, then as q is 
increased, p must be diminished — that is, a little 
more silver will be thrown out of solution. One more 


the freezing point by 1*85' if there is no dissociation. 
Boiling point determinations are made where water 
and a few other common solvents are not available 
and when a check is desired; ether is a common 
solvent in boiling point determinations, and for 
this solvent we have : 1 molecule of the substance 
dissolved in 99 molecules of ether raises the boiling 
point of the ether by 0-284®. For the practical 
method of freezing point determinations, Fbeez- 


consequence of the ionisation theory may he given. 
If one and the same coloured ion be united to a 
number of different colourless ions to form salts, 
then these salt solutions at sufficient and equivalent 
dilution should show exactly the same absorption 
spectrum, namely, that of the coloured ion. Ostwald 
examined about 300 salts to test this deduction 
from the ionisation theory, and in every case found 
the theory confirmed ; thus thirteen different per- 
manganates all gave absolutely llie same absorption 
spectrum. To Class II. belong mostly neutral sub- 
stances such as sugars, and a very few salts such as 
mercury cyanide. The same idea of a resolution into 
parts of the molecules of acids, bases, and salts in 
solution is forced upon us by the ))heiJomcna of 
osmotic pressure (flr.r.), and the correlated phenomena 
of lowering of the freezing point and raising of the 
boiling point of solutions. Supp<^se 342 grams of 
cane sugar are dissolved in water and made up to 
22*22 litres, then at 0° this solution will have an 
osmotic pressure of 70U rnm. of mercury ; 342 is the 
molecular weight of cane sugar, and 22*22 is the 
number of litres occupied by 2 grams of hydrogen 
at t)° and 760 mm., and 2 is the mulecnlar weight of 
hydrogen. It thus appears as if in a dilute solution 
of cane sugar the sugar molecules l)eha\e lik<‘ 
gaseous molecules. Mercuric cyanide shows the 
same behaviour as cane ««ugar — that is, a solution 
containing one gram molecular weight of the salt ('252 
grams) in 22*22 litres, has at 0° an osmotic pressure (»f 
760 mro. When the osmotic pressure of a .solution 
of common salt is determined l»y the use of vegetable 
cells (w Semi-Pebmeable Membiianes), it is found 
that for a concentration c*orresponding to that of the 
sugar — one gram molecule in 22*22 litres— it is double 
the osmotic pressure of the sugar, tlius indicating 
that each salt molecule is resolved into two jmrticles, 
each behaving like a single molecule. All strongly 
dissociated binary electrolytes behave like sodium 
chloride ; the particles into which the osmotic pres- 
sure observations in<licate that they break up are 
ions. Substances like calcium chloride, w*hich break 

2 + — 

up at great dilution into three ions — CaCljj = ('a-»-2Cl 
— have an osmotic pressure three times that of at^ne 
sugar solution of like concentration. It will be seen 
that if osmotic pressures could he reaflily determined 
experimentally, that we should have a valuable means 
of finding molecular weights, for wc^rking at 0® witli 
2*222 litres of water coutiiining a known weight of 
the substance the osmotic pres.sure would he found ; 
it could then be calculated by simple jnopoiiiun 
what amount of substance would give an o.smotic 
pressure of 76 mm., and this would be one- tenth of j 
the molecular weight. As this cannot he done, I 
molecular weights are determined by observations ; 
of the lowering of the freezing point and raising of ! 
the boiling point of solutions. The connection I 
between these and osmotic pressure has been deter- ! 
mined both experimentally and theoretk^illy. The 
experimental basis of the freezing point method is, 
in the case of aqueous solution : 1 gram molecule 
of a substance dissolved in a litre of water lowers 


I ING Point. Solid Solutions : Examples of these 
i are mixed crystals, such as are formed by crystal- 
I Using mixed solutions of two isomorphous salts; a 
i number of alloys, such as copper tin and iron carbon ; 

I glass of every kind, lliese are investigated chiefiy 
I by means of the Phase Buie. For further informa- 
1 tion on solutions — which is a huge subject — special 
works must be consulted, such as The Theoiy of 
Solution (Whetharo), Van t’Hoff’s Lecturet on Theo- 
retical and Phyiical Chemutry^ and Introduction to 
Physical Chemistry (Walker). W. H. H. 

Sonata iMiaic). A composition of from two to 
four different iiiovemcnts, generally tliree or four. 
The sonata may be said t-o liave originate<l from the 
suite or pirtitu, which were sets of dance tunes in 
one key, grouped together to form one complete 
piece. From the suites of Corelli and kindred 
I mu-sicians, composers led gradually to a more 
I fixed key-tonality and showed the need of modu- 
I lating and fixing the new key in the mind, and of 
; closing the first se(*tion in that new key, and also 
; of a gieater balance between the tw*o keys. Enlarge- 
1 ment of each half of this first section and greater 
modulation followed, and a new subject was intro- 
duced with the new key. With Haydn and Mozart 
these (diaracteristics are found firmly cstabli.shed , 
and two subjcjcts, i,e. two distinct sets of themes oi* 
phrahe^, in related keys, appeal. In their works they 
added to the. three movements, rir. a quick, a slow, and 
another qiij(*k one, a fourth, (;on.«isting of the min net 
and trio. This new movement was pla(5cd after the 
slow movement in the symphon\. Hecihoveii found 
the sonata in a high state of tierfection of design, 
and to it ho added a slill higher scheme of de.sign 
and expres.«-ion. J’he old unequal temperament was 
now dying fa.st and giving way to the new scale of 
twelve nearly etpial semitones, and with this change 
came the enlarge ment of harmonic combinations and 
possibilities in the matter of modulation.s. Beethoven 
added the fourth movement of the symphony men- 
tioned above to the sonata, afterwards altering the 
j minuet to a Scherzo, which in form is the most free 
I of all the sonata movements. He introduced aL'^o a 
i much greater variety of key tonality, and Uiqneatlied 
j the sonata to us in that, state of perfection which 
j has served as the model down to the present time. 

: Sonatas are compo.sition8 for one or two instrument> ; 

when for more than two they are called TBiow, 

! Quabtets, etc., and if for an orchestra they are 
j called Hymphonteh, and the sonata form (^.».) is 
more extended. The usual movements of the modern 
sonata are: (I) Allegro* (2) Slow; (3) Scherzo, or 
Minuet and Trio; (4) Hondo, or some other quick 
movement; ^ 

Sonata da Camera {Mvsic), A chamber sonata ; 
a secular sonata. 

Sonata da Chiesa* A church sonata; a sonata 
for the organ. 

Sonata Form {Music). The name given to the 
plan of design to which the first movement (at times 
other movements) of a sonata is generally written. 
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It is also known as First Movement Form ; and as 
Binary Form, from its being in two parts. This form 
consists of the following : 

Part : “ Enunciation ” or “ Exposition.” 

INTBODUCTION (optional). 

Pbincipal Subject in key of Tonic, 

Bbidg]^ ” or Episode leading by modulation to the 

Second Subject in key of Dominant or some other 
related key (should key of Principal Subject be 
minor, the Second Subject is generally in key of 
Relative major or sometimes Dominant minor). 

A Codetta in this new key ends first part with a 
double bar, either with or without repeat sign. The 
codetta is not invariably added. 

Second Pari : consisting of (a) Development or 
Fbeb Fantasia, (5) Recapitulation. 

(a) WoBKiNG Out or developing of material in 
first part by numerous devices in various keys dif- 
ferent from those used in the Enunciation, eventually 
leading back to 

(5) Recapitulation of First Subject in key of 
Tonic, 

“ Briooe ” or Episode leading away from and 
back again to key of Tonic. 

Second Subject in key of Tonic (when Second 
Subject in Enuncuition is in Dominant minor, it is 
in Tonic major here). 

A Coda is generally added to bring the whole to 
a close. 

Sonometer (Sound). An instrument consisting of 
one or more wires or strings mounted on a base or 
sounding box so as to be capable of longitudinal 
vibration. Used for ex])eriments on the pitch of 
notes and its relation to the length, mass, and tension 
of the vibrating strings. 

Sonore^ Sonoro (Jfiweyf Sonorous, resonant. 

Soot. Unburnt carbon, from smoke ; it also con- 
tains various other constituents (c.y. nitrogenous 
compounds) which render it valuable a.s a manure. 

Sopra (Music). Above, befor<i, <?.y. rome sopra^ a.s 
before. 

Soprano (Music\ Tlie highest of women’s or bo>s’ 

voices. 

Soprano Clef (Music), Tlie C clef on the first 
line. See Stave. 

Sopwith’s Staff (Stirveying). A staff used in 
levelling ; its special feature is the clcamess of the 
graduation, whu^h enables it to be read at consider- 
able tlistanccs through the telescope of a level. 

Sordini (Mvne). Mutes; dampers. The mute 
luis already been described under Mute. It may be 
added that another method of muting brass instni- 
mciits (as, for example, the horn) is by inserting the 
right hand into tlie “ bell,” thus three- quarters closing 
it. This, however, miscs the souml half a tone, and 
necessitates transposing the music a semitone lower. 
In pianoforte music cm sordini, with dampers, 
mi'ans that the right pedal is not to be used, and 
senia sordini, without dampers, that the right pedal 
is to be used. See also 1*IAN0F0BTK, p. 430, and 
Una Cobda. 

Sorting (Textile Manufac.) The operation of 
classifying tlie wool of the fleece according to quality 
and length of staple. 

Sorts (Typog.) A term applied to the different 
letters in a case ($.v.) 

Bostenuto (Musheg. Sustained ; giving to each 
note its full value. 

Sotto Yooo (Mtisi.e). Under the voice ; in a 
somewhat hushed manner. 


Bound. The study of phenomena which are 
detected by the sense of hearing, or which are of the 
same nature as these ; the phenomena termed soimds 
are produced and transmitted by the vibrations of 
particles of matter. Sounds obey the ordinary laws 
governing the transmission of radiant energy in 
general ; they can be reflected, refracted, etc. 

(Music.) A musical sound is due to regular 

; vibration. Its three qualities are : (1) intensity, due 
! to the extent of the vibration; (2) pitch, due to 
the rapidity ; (8) timbre, i.e. its quality, as distin- 
I guished from intensity and pitch, due to tbe form. 

Sounds are represented on paper by Notes (g.v.) 

; Tbe length of a sound is shown by the shape of a 
note; the pitch of a sound by the position of the 
' note on the staves. 

' Bound BoBJpd (Music). Another name for the belly 
, in stringed instruments. See ViOLlN, p. 427. In 
the organ it is the upper part, or cover, of the wind 
chest. Slee Obgan, p. 439. In the pianoforte it is 
the broad piece of wood under the strings and con- 
nected with them by the bridge, over which they are 
stretched. Its purpose is to reinforce the tone of 
the strings. 

Boander (Elect.) A telegraphic receiver capable 
. of producing two distinct sounds by which the dot 
and dash of the Morse Code may be represented, the 
i operator reading the message by ear. The sounds are 
’ produced by the armature of the electro-magnet in 
moving back and forth betw'een its stops. 

Bound Holes (Musio). The two /-shaped openings 
in the belly or Sound Board of stringed in- 

struments; they allow the belly to vibrate. 

Sounding Board. Sec Abatvoix. 

Bound Post (Mtisic). A wooden peg of pine which 
, is placed a little behind the foot of the bridge on the 
treble side of stringed instruments. Its functions are 
to support the belly during the tension of the strings 
on the bridge, and to transmit the vibrations of the 
belly and bridge to tbe back of the instrument. 


Sound, Velocity of. The velocity of sound in any 
medium is given by the general formula 
Elasticity 


Velocity — 




Density 

In the case of gases the adiabatic value of the 
elasticity must be taken. See ELASTICITY OF Gases. 
If 1 !? be the velocity in cms. per sec., P the pressure of 
the gas in dynes per sq. cm., y tbo ratio of the 
specific heats of the gas, and p its density in grams 
per cubic cm., then _ 

.. />!• 

V P 

Souple (Silk Manufac.) Rilk from which about 
half the natural gum has ficen discharged, its w'eight 
being thus reduced by about 12J per cent. The dull 
appearance of raw silk is retained, but the liard feel 
removed. Cf. Soft. 


Sourdine (Mueic). (1) A stop on Habmoniums 
(see p. 443). (iJ) A Mute (q.v.) 

Souring (Leather Manufac.) The treatment of 
! leather with acid, previous to dyeing or finishing, in 
i order to bleach and cleanse the skin from stains. 

Souring with sulphuric acid has been proved to be 
, very injurious. Latterly weak organic acids have 
I been substituted. 


I (Textiles, etc.) Generically, the process of 

i exposing textures to the action of dllnte acid. In 
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the process of bleaching: textile tibres or fabrics the 
goods arc treated with a solution of chloride of lime 
and then with a dilute solution of sulphuric aoid, 
which sets free the chlorine, bleaches the cloth, and 
also neutralises the alkalis. 

South or South Seeking Pole. That pole of a 
magnet which points towiird.s the South Pole of the 
earth when the magnet is freely susi^ended. 

Southing (Astrm.') The transit (q.v.) of a star or 
any other eldest ial body to the south of the zenith. 

Sow {Met.) I'he main channel or receptach' 
through which molten iron flows from a melting 
furnace to the jug moulds. See Fekdeb. 

Space (Mftdr), The alternate degrees of the stave 
between the lines arc called sj)aces. 

Space Box C^'ypog.) A small flat box or tray« 
divided into about six or einbt compartments to 
contain the various spaces used in justify ing lines of 
types. It serves a useful jmrpose in correcting 
matter. 

Space Paes {Textile Manufae.) See Entering. 

Spaces {Typog.) See TypkS. 

Spall {Jiuild.) A small chip off the c<lge of a 
stone. 

Span. The width of an arch, girder, roof* etc., 
between the beaiing surfaces. Sec also Arch. 

Spandrel r>r Spandril {Architect.) A triangular 
space such as the irregular triangular wall space 
which occurs between the outer mouldings of tw'o 
adjacent arches and the horizontal lino jnining their 
highest p(»ints. 

Spanish School of Painting. See Paintini^ 
Schools of. 

Spanner {JCng.) A t»>ol used for turning nuts. 
TJie nut fits into a short slot, usually formed by two 
jaws, open at one end. In adjustable spanners the 
widtlf of this slot can be varied to suit different 
sizes of nut. In some fixed spanners a liole the 
shape of the nut is provided, instead of a slot with 
I)aTalleI sides. 

Spar (Mi7i.) A miner'.s term for any glittering 
mineral ; generally confined to those wdiicli are 
crystallised, but not necessarily to tiiose w’hich are 
white or colourless. 

Spare Parts etc.) Jyujilicates of thostj 

jjarts of a machine which are liable to injury or 
w’liLch quickly w’ear out are often supjjlicd, especially 
in the case of machines wliich are used at some 
distance from a repairing shoj». 

Spar, Iceland {Min.) Sec C'alctte and Iceland 
Spar. 

Spark {AJlccf.) The visible an<i usually* audible 
plienomcnon accompanying a sudden electric dis- 
charge. 

Spark Arrester (£'^/7.) A perforated cap jffaced 
over the chimney of an engine used for agncultural 
jjurposes or in the neighbourhood of dry* timber, etc., i 
to juevent pieces of burning futd from tjscajiing. 

Spark Gap {IHIect.) A space bt:twe(‘n two ter- ; 
minals across which an electric si)ark j)a.sses. 

Sparking of Dynamos, etc. {JCleet. Eng.) Tin* 
production of sparks at tlie tips of the brushes, due 
to defective design or incorrect adjustment of the i 
brushes. , 


Spartalite {Min,.) A synonym for Zincite {q.v.) 

I Spathic Iron Ore {Min.") A synonym for Chalybite 
I {q^v.) 

Spatula. An instrument shaped like a paper 
kniie, paddle, spoon, or trowel, according to its 
purpose, and made of bone, metal, or other suitable 
matt^rial. Used by chemists, cnamellers, sculptors, 
etc. 

Spear {Arms). A weapon consisting of the char- 
j acteristically shaped head attached to the end of a 
I wooden shaft. Designed for thrusting and throwing, 
j Sjxjars were amongst the earliest of w*eaj>onB, and 
I were used notably by the ancient Greeks, C/. 
I Javelin a7ul Lancb. 

I (^Minhig). A term applied to the vertical 

rods driving the pumps used for draining a mine. 

Species {Biol.) A subdivision of a Genus, in- 
cluding all the members of a grouj) of individual 
organisms which have certain characters in common. 
“ The members of a si)ecies are fertile bder ire, but 
not usually' with members of another species ’’ (J. A. 
Thomson). Cf. Genus and Oudkb. 

Specific Conductivity {Elect.) The reciprocal of 
the SPECIFIC JlKSlSTANCE {q.V.) 

Specific Gravity {Phys.) The i-atio between the 
den.sity of a body and the density of a substance 
chosen as a standard. TIuj specific gravity of solids 
and liquids is given in terms of W’ater, In this case 
the spe<‘ific gravity is the ratio l>cqween the mass of 
any volume of the substance and the mass of an 
equal volume of water. 

Specific Gravity Flask {Phys.) See I vnkometer. 

Specific Heat {Phys.) 'J‘he ratio iK'iwecn the 
(luantity of heat necessary in order to mise a given 
mass of any substance through a given difference of 
temperature, and the quantity of lient nec(‘.ssary 
raise the same mass of water through the blent ieal 
iliffcieuee of lem]»eratuie, ;s the* (average; specific 
heat of the substance hetw'ecri tliose temperatures. 
The sjiecifie heat may be more simply, though less 
accurately, cxpres.*-4al as the number of heat unit" 
icquircd Vo raise unit mass of a sul)stiince through 
one degree. 

Specific Heats of Gases {Phyf^ ) The amemnt of 

heat necessary' to raise unit mass of a gas through 
one degree de|x;nds ui>oii the conditions umler wliielt 
the gab is heated. If the gas be not allowed t») 
expand, the heat required to ndse unit mass one 
rlcgree is termed tl.C Sl*ECIFIU HeAT at (’ONSTANT 
VoLi AiE; ilijs is usually represented by C,,. If the 
gjAs be .allowed to exjmnd wldle being healed, then 
external w'ork is done, and the specific heal is 
increased by tlie amount of heat which is equivalent 
to the external w«»rk jierformcd. If the gas be 
allow<jd to exj>and w'hile being heated, at such a rate 
that its pressurt: remains (constant during the opera- 
tion, the heat absorbed is termed tlie SPECIFIC Heat 
AT Constant Pkessurb; it may Ihi denoted by C;,. 

1 he ratio of C,, to C,, dej>ends on the nature of the 
molecule of the; gas. 

Specific Inductive Capacity {Elect.) The ratio 
between the capacity of a condenser, of which the 
plates are sci)arated by a given medium {e.g. sulpiiur, 
mica, paraffin wax, etc.) and that of a condenser 
similar in form and dimensions, whose plates are 
sejrarated by air, is termed the Kpecifio Inductive 
Capacity of the medium, wliich is generally denoted 
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by K. Tho value for some common substances is as 
follows : 

Ebonite 1-92 

rnraftin wax .... 2*29 

Sulphur 3*97 

Mica 6-64 

t>las« 6-5 to 7*5. 

The value for leases is very nearly unity, but increases 
as the pressure of the ^as is increased. 

Specific Resistance {Elect,) If r he the resistance 
of a coniluctor of hmgth I and cross section a, then 



a 


The quantity c is t.ermed the Specific llesiKtanco of 
the material of which the conductor is made; it is 
the resistance which the conductor would have if it.s 
length and its cross section were both unity. The 
approximate value*, of a for some common materials 
(taking the centimetre as the unit of length) is as 
follows : 

.Silver .... 1-5 microhm.^. 

Copfier . , . .1-6 ,, 

Ain minium . , 2'9 „ 

Iron .... 9-6 „ 

liCjwl . 19*r» „ 

.Mercury .... 91 „ 

Specific Yolume {Phya.) The volume of unit 
inaj^s of a suVjstance, u.sually expressed in cubic 
centimetres pvr gram. 

Specimen Bar {Eng,) A bar of metal prepared 
for testing in the testing machine. 

Specimen Holder {Etig,) A form of clip by Wi.ich 
the cm Is of a specimen arc held in the testing 
mae.hine. 

Specimen Page {'^yp**y>) When a now work is 
about to he put in hand it is custoniaiy for the 
printer to prepare and .submit a ju’oof or specimen, 
showing the proj^ostMl size of i>age, st}le of lyx>t‘» 
general arrangement, etc. 

Spectra. tke SeBCTKU.M and Hpixtuvai 
Analy.sis. 

Spectre of the Brocken {Aileteorol') An optical 
effect. Travellers .‘standing at sunrise on the summit 
of tli<5 Hartz mountains .^ee a magnified image of 
tlicir shadows thrown u]H)n tlie mists or clouds by 
the sun at their backs. 

Spectrograph (vlx^rew.) A form of .S|K*otro.sct>pc 
(y.r.) adapted for photographically rccoiding spectra. 

Spectroheliograph {A.stro?i.^ A form of instru^ 
iiicnt h)r photographing the sun in monochromatic 
light, or in light of any particular >vave length. 

Spectroscope {Phys ) An in.struinent for the 
produe-tion and examination of s})ectra. In a typical 
forui tlie light widch it is desired to examine is 
first formed into a parallel beam by the Oolliaiator. 
Thi.s is a tube, carrying a lens at or near one end, 
and at the other, >\hicb is iliiected towards the 
source of light, an adjustable Slit. The latter lies 
in the fo(*al ]>lane of the I<*ns, so that light diverging 
from the opening emerges fr(»ra the lens as a pai^Iel 
beam, ami then falls upon a Prism (or train of 
prisms) or upon a Diffraction (Crating {q.v,) After 
pissago through the prism, the light traverses a 
telescope placed so that the whole l^am is received 
by its object glass ; on looking into the telescope, 
the spectrum is seen. The telescope can be turned 
about a vertical axis ]>a8sing through the centre of 


the table of the instrument, so that it can be adjusted 
to view the slit directly through the collimator when 
the prism is removed, or can be so placed as to 
ob-serve any particular portion of the spectrum. A 
circular divided scale is attached to the stand, and 
j a vernier is carried by the arm of the telescope, so 
I that the angle of deviation of any given line in the 
; spectro.scjope can be accurately measured. (If this 
, divided scale is eairicd nearly, or completely, round 
■ the table of the instrument, the latter is usually 
termed a SrECTBOMETBli, and may be used for 
measurements other than those of a spectrum, e.g, 
for meastiring the angles of a prism.) 

A Direct Vision spectroscope is one in which 
the axis of the telescope is in the same straight line 
as the axis of the collimator; in this case the whole 
instrument may be contained in a single tube, with- 
out any stand or scale. It is necessary in this case 
to produce dtspersion without deviation of the mean 
rays or axis of the beam of light ; this may be 
accomplished by a suitable combination of prisms 
{e.g, three of crown glass and two of flint glas.s), or 
by a combination of a diffraction grating and a 
prism. 

The relative positions of the linc.s of a spectrum 
may bc^ observed in several ways. (1) The angular 
deviation of each line may be read off on the scale 
and vernier described above, a piiir of cros.s wires in 
the eyepiece being brought into coincidence with 
ea<!h successive line, (2) A linear scale may be 
fitted so as to be viewed through the eyepiece 
simulUineously with the sj^^ectrum under observation 
and the positions of the lines relatively to the 
divisions of the scale noted. (3) Tlie spectrum may 
be photographed by causing the beam to enter a 
suitable camera instead of observing the spectrum 
through the telescope. 

Bpectriun {Phya,) If a beam of white light be 
refracted through a prism and then received on a 
screen, it is seen to be drawn out ( Dispebskd) into 
a brilliantly coloured band, which is termed a 
SPECTHU.M. The colours merge gradually into eacli 
other, but it is easy to distinguish approximately 
seven regions whose colours are re.spectively Red, 
Orange, Yellow, Urcen, Blue, Indigo-bluc, Violet. 
The deviation is least in the case of the red rays, 
and gradually increases as the violet is approached, 
Kurtlior investigation shows that the dispersion or 
-(‘paration of the constituents of the original light 
IS nut confined to the regions forming the Visible 
Spectrum. There arc present invisible rays which 
are less deviated than the red, and which are termed 
the Infra- RED Hays, and also others which are 
jiiore deiiated than the violet, termed the Ultra- 
violet Kays. The former are most easily observed 
by their th(*rmal effects, detceted by a tliermopile 
or bolometer ; the latter by the aid of photography. 
The invisible parts tbo spectrum which have thus 
been iiive.stigated are of much greater extent than 
the visible i)orlion, extending from ultra-violet light 
of wave length about -(lOOOl cm. to nearly one 
hundred times that length ; while the visible spec- 
trum only includes light of w'ave length lying betvreen 
•ODOO'l lunl '00008 cm. If light of any particular 
wave length be absent from the original beam, a 
dark line appears in the spectrum. The solar spec- 
trum contains a number of these dark lines, which 
are termed Fraunhofer Lines. A spectrum which 
is unbroken by lines is termed a Continuous Spec- 
trum, as distinguished from a Line Spectrum, in 
which they occur. A third type of spectrum is 
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termed a Fluted Sfisotbum, in which a banded 
appearance is given by a number of fine lines 
arranged in groups. See also SPECTBUM Analysis. 

Spectrum Analysis ( Clwin,) The light emitted by 
an incandescent gas is characteristic fur that gas : 
but the light must be examined in the spectroscope 
(^.r.), where it can be seen arranged in the order of 
the wave lengths of its component colours, that is, 
its spectrum must be seen. For example, if 
a sodium compound is put on a platinum wire, and 
held in a Bunsen flame, some of the compound is 
volatilised and decomposed, the sodium vapour emits 
a yellow light, and this, when viewed in the spectro- 
scope, shows two yellow lines, very close together, of 
wave length 6,896 and 5,890. (The unit of length is 

1 X 10 mm. = one tenmillionth of a millimetre, 

which is called the Angstrom unit.) No element 
besides sodium gives this spectrum. The Bunsen 
flame has not the highest temperature that it is 
possible to command ; both that of the electric spark 
and of tho electric arc are higher. When a sodium 
compound is volatilise<l in either of these, it gives the 
two yellow lines mentioned above, and many other 
lines as well. Elements (for example platinum) which 
are not gasified in the Bunsen fiame, and therefore* 
give no spectrum, give spark and arc spectra. The 
spectrum of a gas is obtained by enclosing the gas in 
a glass tube, provided with two platinum electrodes, 
exhausting the tube to a suitable degree, and sending 
the current from an induction coil through the rarefied 
gas; the light examined in the sfiectioscope gives 
the spectrum of the gas. By one or other of these 
met] ods every elem<‘nt can be made to give a 
spectrum, and every element has its own sjiectrum. 
composed of light of wave longth.s peculiar to that 
element. The sjKJCtrji of all the elements have been 
“mapped,” that is, t)je wave lengths of the lights 
they emit Lave been tabulated, for the Bunsen liaine. 
the spark obtained from an induction coil vith and 
without the use of Leydtm jars, and for the arc. 
Should the spectrum of a suj>poscd element l*<‘ 
examined, it is pos.sible to pick out .some of the nion* 
prominent wave lengths in its spectium. ainl eom^Kire 
them with tho.se of all tho known elements, and 
ill this way to tell wdiether a known eiemeut is being 
dealt w'ith. Tlin.s, when tljo Curie.** wore isolating 
radium, they submitted their iToparations 1o an 
expoii. spectro>copist (I)t*mar(^ay), and “ the results 
of the spectrum analysis brought conviction to us 
when wc wrere still in doubt as to the interpretation 
of the results of our rosc'arch,” Tlie first new line 
found by Dcman/ay was ;j814*7 (A.u) — a line just 
in the ultra-violet. (N.B. — The extent of the sj>ec- 
Iruin visible to the eye is from about G,,'“)00 in the red 
to 3,900 in the violet.) Many element.^ have been 
discovered by means of their sj>t‘ctra, <?.//. Cajsium, 
llubidium. Thallium, Indium, Gallium, and Helium. 
A compound of an element does not alivays give the 
spectrum of the element in the Bunsen flame ; the 
compounds of the alkalis give the spectra of thi- 
allmline metal, but com^mnds of the alkaline earths, 
calcium, i-trontium, barium, give spectra containing 
few lines of the metal and more of tlie compound 
employed, or the oxide of the mutal. Flame spectra 
are best obtained from halogen salts of the metal : a 
non- volatile salt should be converted into chloride. 
In spark spectra the halogen salts give the metal 
lines. The number of lines in tho s])ectra of the 
various elements varies enormously ; for instance, 
from a dozen in lithium to about 4,600 in iron. The 


number varies also with the temperature, for while 
b hallium gives one line in the Bunsen flame, it gives 
about 24 in the arc. Kelationships are gradually 
being discovered between the lines of one and the 
same element, and between lines of chemically related 
elements. For example, a formula of the type 

— = A — Bn — On , when the constants are pro- 
X 

jierly chosen from a few lines, will give with more 
or less accuracy a fair proportion of the remaining 
lines. In the case of hydrogen the formula becomes 

-L ■= A — 4Am”^ , where A « 27418*75, and m is in 
X 

succession 3, 4, 6, etc., and it gi\es many of the lines 
very accurately. Again, in the case of many elements 
the lines fall into series, a principal series of shaip 
lines, a first and second 8ul>ordinate series of less 
sharp lines. A modification of the typical formula 
has to be used for eacii series. The lines of a related 
scries of elements are often related, e.g. the lines of 
sodium, potassium, rubidium, caesium run in doublets, 
tho.se of magnesium, zinc, cadmium run in triplets. 
In some cases it is possible to calculate approximately 
the atomi(‘. weight of an clement in a related series, 
when the relations of the lines of the various series 
to tiic lines of the various scries of its related 
elements have been established. When light passes 
through a .substance, some of it is absorbed ; if the 
substance exerts a Relkctivk Abhorption for light 
of definite wave lengths, then the light transmitted 
will l>e cbaractcri.'^tic, under proper conditions, for 
that substance, and an examination of the transnjitled 
light in the 8p(‘ctros<M)pe will sh(»w^ <laTk bands in it.s 
spectrum corre.sp<uiding to the wave length of the 
light absorbed by tin* sub.stanf^e. The bands are 
called Absorption Bands, and theirnatnre, iK)sition, 
and extent for a givt*n thickness of the substance, 
serve to identify the Hubstance. The dark lines in 
the solar spectrum are due to ab.sorptioii. An incan- 
descent ga.s absorbs precisely thohC lays which it 
emits at tlie same teni}>erature (Kirchhoff). Thus, 
w'hen a sorlium compound is held on ]>lfitinum wiie 
in front of the slit of a spectrosoopf*, the two yellow 
sodium lines are .seen. Now if a strong white light 
is brought iKihmd the sodium light, a continuous 
.spectrum is seen, except for two dark lines, wluch 
cross it exactly where the two yellow lines were 
before. The vast number of dark lines which appear 
in th^’ solar spectrum (Fraunhofer lines) are due 
chiefly to elements wliich exist in the atmosphere 
of iucandc'.scrnt gas wliich surrounds the sun and 
wdiicli exercise.** selective absorption on the rays of 
every wave length issuing from the incande.scent maps 
of the sun below. The Fraunhofer lines are produced 
by about thirty-six e]ement.s, which occur on the 
earth. A few of the dark lines of the solar spectnini 
are due to the absorjrtive action of the earth’s atmo- 
sphere. Home of tho lines are duo to oxygen and 
some to water vapour : a group of lines (6,860 to 
6,030) near the sodium lines is due to w*ater vapour, 
and when there is much water vapour in the air this 
group darkens, and is therefore used to predict rain, 
and hasreceiv^ the name of the Bain Band. Many 
coloured liquids show absorption bands, and many 
liquids which appear to us to l>e colourless show 
absorption baiid.s in tbe ultra-violet, and would there- 
fore coloured to an eye sensitive to the ultra-violet. 
Most probably an ant would regard benzene as a 
coloured substance. Among substances which can 
be easily detected by their absorption spectra are 
blood (Haemoglobin, oxyhmmoglobin, carboxy- 
ba^moglobin), very many “aniline" dyes, ultra- 
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marine, and some precious stones. See alto under 
Solutions. The absorption spectra of a number 
of tautomeric substances have been examined by 
Professor Hartley, and he has been able to throw 
light on the structure of some of these. Example, 
isatin may be written — 

CO CO 


Cell,/ >CO or 

NH 

I. 



N 

II. 


It has two different methyl derivatives — 


CO 

/\ 

CeH,,;^^CO 
N . CH, 

Methyliifieudoifiatin. 


aud 


CO 

O.H,\ )c.OCH, 

N 

MelhyliBatin. 


Now the st>ectra of isatin and methylpseudoisatin 
rlosely resemble each other, and both have two 
bands ; t he spectrum of methylisatin has a single, 
strong, absorption band. Hence of the two formulae 
for isatin the one marked I. belongs to isatin— at all 
events in alcoholic solution, in which slate the bands 
were observed. W. H. H. 


BpeoulaF Iron (Min,) A synonym for the crystal- 
lised variety of HjematjtJjJ so called because 

the Homnn ladies used the tabular crystola as 
mirrois. 


Speculum* A mirror of i»olisbed metal, used by 
ancient races for the ordinary' purposes of a mirror. 
Concave si>coula are used in reflecting telescoj)es. 
Sec Tbh3S(X)i»b, 


Speed. Velocity or rate of motion applied cither 
to rectilinear or to rotary' motion. 

Speed Gears (Change) for Cycles. The inllucuces 
adverse to a cyclist’s progres-sinn fall under two 
Ijcads I. Mechanical : {a.) Vibration, caused by 
unevenness of the surface over wliich the cycle 
moves; (ft) friction in the bearings of the machine. 
II. Phy»ival: {a) Air pressui(3 ; (ft) gravity. The 
first two of these have been lessened by the adoption 
of pneumatic tyres and ball bearings. The second 
gr<»np cannot be reduced, and the <uily’^ way^ to mini- 
mise their effects on the rider is to use some 
mechanical device which shall enable him to avoid 
ox(‘essive exertion by sacrificing some speed. The 
cycle change-speed gears now on the market employ 
a “sun and planet ” epi cyclic train of cogwheels to 
reduce or increase the siiecd of the drive relative 
to the normal, or solid, gear. Usually the train is 
included in the hub of the driving wheel ; in a few 
cases in the large chain sprocket wdieel. James 
Watt is considered to be the inventor of the sun and 
planet motion, which he used on his steam engines 
to impart motion from a connecting rod to a fly- 
wheel. The *‘8un” was attached rigidly to the wheel 
spindle, the “planet'’ rigidly to tlie end of the 
connecting rod, and a bridle link, passing round the 
central bosses on each cog, kept the two pinions— 
which had an equal number of teeth— always in 
mesh. This ingenious contrivance not only trans- 
formed the linear movement of the piston rod into 
a rotatory movement of the flywheel, but also caused 
the “ sun ” and flywheel to turn tivicc on their centres 
while the “planet” circled the “sun” once, since 
the planet forced the sun to overrun it, as a little 
reflection will render apptirent. In epicyclic cycle 


gears there is, besides the sun and planet, a& exterior 
annulus with internal teeth, revolving concentrically 
with the sun. The planet rolls between the two. 



8pe£D Gears, 

From figs, 6, and e the action of the train and the 
data for calculating speed ratios can be gathered. 
In the figures we have X the outer annulus, Y the 
rolling pinion or “ planet,” and Z the fixed pinion or 
“ sun.” To understand how this combination works, 
let us first suppose (fig. ft) that the axis of the pinion 
Y is fixed in space, the pinion being, however, 
capable of rotating about this axis. Further, let us 
suppose that the “ sun ” Z and the annular rack X 
are perfectly free to rotate, and that the number of 
teeth on Z is f, while the number on X is T. Then 
if the pinion Y lias n teeth, a complete clockwise 
revolution of Y about its station^ axis will cause 
I n teeth to engage in succession with the teeth of X ; 
i anti the annular rack will therefore advance by n 
I n 

j teeth, or by ^ of a complete station in a elookwite 

\ direction (fig. ft). At the same time, n teeth of the 
j inner pinion Z must have been engaged in succession, 

' and Z must have rotated through 7 of a complete 

j rotation in an anti-clockcyise direction. In fig. c the 
I sun is stationary, and the axis of i is free to move. 

I Let us now suppose that the whole arrangement is 
; rotated as a single body about the centre of Z through 

! ^ of a complete clockwise rotation ; this will bring 

the central pinion Z to its original position. The 
I axis of Y will have revolved about the centre of Z 

tlirougli ^ of a complete clockwise revolution, and 

i the rack X will have rotated about the centre of 
Z through the sun of the angular displacements 

• imparted to it, ie, tlirough (^+x) ^ complete 

I clockwise motion. Thus : 

j n n 

Angular disp laecunent of ^ __t ^ ^ T 

Angular ili.>plju'einent of Y ^ “ T 

From this it is clear that if tlm central pinion Z is 
maintamod stationary while the annular rack is 
rotated at any given speed, the pinion Y being free 
to roll as the conditions require, then while l rolls 
once completely round Z, the annular rack X will 

make — rotations. Ihus we have r 

Speed of rotation cf X f h-T 
SjHied of rotation of Y“ T 
If the motion of Y is opposed by a given force, and 
a motive force acts <in X, then : 

Force acting on X T 

Force opposing motion of Y*“t + T 
To take an example : if X has fifty teeth and Z* 
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tweutjr-live teeth, one revolution of the axis of V 

about thocenti'eof Z implies rotations 

50 

of X, and, conversely, one rotation of X=~5— = 5 

50 + 25 

revolution of Y. If a given motive force be af)plied 
to X, this will be capable of overooming a force 
50 per cent, greater opposing the motion <»f Y. 
and the speed of Y will be less than that of X by 
33^ per cent. If the force be applied to Y’s centre, 
there will be a speed gain of 50 per cent., and a 
diminution of force of 33^ per cent, with regard to 

X. Should X and Z be mechanically connected so as 
to form a rigid whole, Y obviously can no longer roll 
round Z. Ju general, if any two of the elements X, 

Y, and Z are rigidly connected, the combination can 

move only as a solid body. With a three-element 
cpicyclic gear three gears are possible. The gear 
may ; (1) turn as a whole : (2) it may be geared up 
by transmitting the ruler's (liiving power through 
the small sprocket wheel to Y, from V to X, an<l from 
X to the spokes of tlie driving wheel ; (3) it may be 
geared down by transmitting the power to X, and 
through Y to the spokes. 'I’hese three combinations 
give the normal, high, and low s]>cods respectively, 
as found in the “ St urmey- Archer ” gear. In the 
“ Fagan,'’ “ Hub," and other well-kmnvn gears onlj 
two combinations are u.sed, the higher gc^ar being 
the solid, since it is more generally used. Want ot 
space forbids a detailed description of the methods 
by which the element Z is rendered fixed or movable, 
and two elements are locked togetlier. It must 
sutlice to glance at the “ Fagan ” gear, which has a 
sprocket working the driving annulus by a Hydt* 
freewheel attachment. The annulus has sixty-four 
internal teeth, which gear uiili four planet pinions 
routing on pins forming part of the hub shell. The 
central pinion has twenty teeth. When pulled in 
one direction along the spindle it is able to revnhc 
freely ; but if pressed by a spring in the othei 
direction, engages with the internal teeth of a collar 
solid with the spindle. In this last ])ojiion tin 
central pinion is fixed, and the low gear is obtained. 
To throw in the high or solid gear, the rider, b} 
means of a wire cable, pulls tbe of;ntral pijo'on free 
of the toothed collar, and brin::s it into engagement 
with teeth on the interior of a eentjal opening in a 
plate ca^t solid wdth tije annulus, can.sing aiinuhi> 
and “sun” to rotate tngether. With r<*ga.rd to the 
number of teeth on X, Y, and Z, the empirical rule 
has been established tliat the tei-tli on X must be 
equal to (teeth on Y” x 2) + teeth mi Z, whatevi r 
be tlic ratio of the gearing. If X remains constant 
in size, tbe difference of velocity of rotation of X and 
Y about the axis of Z wdll increase with the decrease* 
in the diameter of V and the increase in the dianiet<’r 
of Z. As X must be kept conveniently small, and Z 
yet be sufficiently large to slide on the back wheel 
sj)iiidlc, the size of Y’ lelativc to that of Z is confined 
within somewhat narrow bounds; and in most 
popular two-speed gears a drof) of 20 to 25 per cent, 
from the solid to the low gear is usual. As cycle 
change-speed gears give only a limited number f>f , 
ratios, tiiey are compromises whhdi naturally incur 
criticism. The best proof of tbe utility of this class 
of mechanism is lound in their increasing adoption : 
by the cycling public. A. W. 

Speed Indicator. An instrument for indicating i 
or recording rate of motion, whether motion of : 
translation or rolation. 

Speed of Ignition. The rate at which the ex- ' 


plosion or burning of the mixture of inflammable 
gases occurs in the cylinder of a gas or oil engine. 

Speed of Reactions (^Chem.) Let there be two 
substances, A and B, which react to form two new 
substances, A' and B‘, and let the subsUinces A* and 
\ B* be capable of reacting so as to reproduce A and B ; 
: further, let A and B react molecule for molecule with 
j each other, and A* and react in the same way : 
I then if the system is homogeneous, and p,fjjp\q^&rc 
\ the concentrations of A, B, A*, B‘ respectively, we 
j have, by the law of mass action Mass Action), 
, for equilibrium, kpq = k^p^qK This implies that the 
j two reai tit»ii.s, tlie direct and the reverse, arc pro- 
ceeding at the same speed. At a particular moment 
; before equilibrium is reached, the speed will be 
i given by the difference betwee»i the speeds of the 
. direct reaction and the reverse reaction ; so that if 
a, ]3, a', arc the concentrations at the beginning 
. of a definite time, and a quantity x gram molecules 
. is transformed in time /, then 

^ (a - ■r) (p - X) - k' (o' - a-) (/Ji - J,). 

Now sup})osc that the reverse reaction occurs to an 
extent wlii< h is inappreciable, the equation becomes 

- ^ (/J - O'). 

Put « — ./• = r, and /8 — .r = tlien 

(0 = 

If only one substan<;e is present, we shall have 


The minus sign occurs L) 0 «*aus(* the conconlration 
diminishes while the lime inoeases. liquation (2) 
givHJS the speed oi a monomolecular reaction, that 
is, a reaction in which single molecules decompose ; 
equation (1) gives the speed of a bimolecular 
reaction, that is, one in winch twai substances react 
molecule for molecule with each other. More com- 
plex reactions are not considered in this artiefic. lu 
the monomolecular reaction, let the concentration at 
the beginning be Co, and at the end of a time t, (\ ; 
(hen on integrating between these limits wc get — 
h>g, C,. - log^ C, = kf. 

Or, tiiking h^garithms it) base JU — 

log ('„ — log Ct = 0- J34;U7. 

From this it is seen that C* — 0 when f is infinite, 
that i.*-, a reaction never comes to an end in a finite 
time. In practice a reactit)ri is at an end wluui the 
coneentralion of the substance which has undergone 
change is so small that our tests for its presence 
fail. As an illustration of a monomolecular leaction, 
the inversion of cane sugar by a dilute acid may be 
given--- 

C„TI.^.,0„ + U,0 « CVIT.A 

Here the water which enters into the reaction is so 
small compansl with the whole amount present that 
it may be lu'glected, in which case we have a mono- 
molecular reaction. The progress of the reaction 
can be determined by a polarimeter, Willjelmy 
fir.^t made this experiment (1850), and he showed 

that the value of was constant within 

t 

the limits of experimental error during the whole 
course of the experiment. Another example of this 
kind of reaction which has been carefully studied 
and shown to conform to the equation is the de- 
composition of arson iurotted hydrogen by heat 
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AsH, = As + HH. Tn the case of the bimolecular I 
reaction we shall assume that the concentrations of ! 
the two substances are the same ; then, on integrating ! 
equation (1) between the same limits as before, \ 
we have— ; 


A very important example of this kinrl of action is 
the saponification of an ester by an alkali. The case 
of ethyl acetate and caastic potash in twentieth 
normal solutions has been thoroughly examined, 

and in this case I ~ \ \ was again found to be 

\ v/t v^o/ t 

constant. Many factors influence the speed of 
reactions. Temperature has an enormous influence. 
1'hus in the t^ase of the monoinolenilar reaction 
CHBrCOOH CH.COOII 


I =11 + IlCr 

CHBrCOOH CBr. COOH 
Dibroniaucoinic Acid. Bruniinalcic Acid. l 

which occurs in aqueous solution, a rise of temperature j 
f)f 86® (l.>® to 101°) increases the speed over 3,000 ; 
times. The solvent has also a great influence; | 
ammonium cyanate is transformed to urea much 
quicker in an alcoholic than in an aqueous solution. I 
The presence of a third substance has often a very ' 
great influence; this kind of influence is called ' 
catalytic action, and examples are very numerous, j 
Thus, water in small traces causes many substances i 
to combine which will not combine in its total ; 
absence, as oxygen and hydrogen, chlorine and 
hydrogen, etc., and it causes substances to dissociate : 
which will not ilissociate when absolutely dry, as . 
ammonium chloride anrl mercurous chljride. : 
rjatinuin black (see Tlatinum), enzymes arc 

other examples of catalytic agents. Pressure exerts 
a considerable influence on many reactions ; it retards i 
the inversion of cane sugar by hydrocliloric acid, but 
it accelerates the hydrolysis of methyl acetate by the i 
same acid. IMminution of pressure accelerates the 
oxidation of i>!iosj)horus by oxygen. tScr also 
Explosives. \V. IT, H, 


Speed Pulleys or Cones When a machine 

has to Ihj driven at various spet^ds, it is commonly 
pmv'ided with a Speed l*ulley or Steppc<l Pulley, 
which virtually consists of tlirec or four pulleys of i 
<liffereut rlianieters, fixed together to form a stepped i 
cone, and keyed on the .shaft. 'I’his pulley is driven ; 
by a belt from a pulley on the counter shaft, which • 
i.s of similar construction, but arranged so that its ’ 
widest end is opposite to the narrowest end of the j 
pulley on the macliine. In order that the belt may 
run properly when placed on any pair of pulleys, the : 
sum of the diameters of the two pulleys must be a ' 
eonstant for eaoli pair. If the belt be crossed its 
tension will then be perfectly constant, whichever ; 
pair it be placed on ; it remains approximately con- j 
stant. however, even if noi crossed, provided the two | 
pulleys are not too (dose together. 

Spelter (1) Ingots of zinc. (2) An alloy ‘ 

of copper and zinc, used in brazing. 

Spent Oxide. See Coal Gas and Sulphuric 
Acid Manufacture. 

Spermaoeti. This is perhaps best described as I 
** whale oil stearine/’ as considerable quantities are 
obtained from blubber and sperm oils by chilling and 
expressing, in the same way as stearine iq,v.) is 
obtained. Chemically, it is essentially cetyl palmi- 
tate. The name itself is misleading, as it was 
originally thought to be whale spawn, and thus was 


named Spenna ceti. The chief source is the “ head 
matter” of the Physeter rnacroc^halus^ but it Is- also- 
obtained from the oils of many other cetacea. After 
** bagging” and pressing to separate the fluid oils the 
sperm cake is melted, re-pressed, and refined with a 
potash ley to remove colouring matter and free fatty 
acids, yielding a white glistening mass with a melt- 
ing point of about 46° 0. The product from the 
blubber oils of the bottlenosc whale has a somewhat 
higher melting point. It is largely used in pharmacy 
as an unguent. It formerly was used in candle 
making and some soaps. 

BpesBartite (Mhi.) A manganese aluminium 
garnet, 6MnO, + 2ALO,, SSiO^ ; cubic. Com- 

monly in dodecahedrons ; deep brown red in colour. 
It imparts important cutting properties to some 
Btonc.s used for tool sharpening. From the Hartz, 
Sweden, Bavaria, and Piedmont. 

Spewing {Build. ^ etc.) When gravel, broken 
stone.s, etc., have been laid on a soft, wet surface {€.g. 
clay or mud), a quantity of mud is often forced out 
between the interstices. This is termed Spewing. 
It is avoided by first forming a layer of coarse 
broken stone or “ hard core ” on the soft surface, and 
laying the gravel on this. 

* {Leather Manufae.') An exudation of oil 

from curried leather consisting of fatty matters 
which have failed to combine with the skin fibres, 
possibly on account of oxidation. 

8p. Gp. The contraction for Specific Gravity 
(?•»••) 

Sphalerite {Min.) See Zinc Blende. 

Sphene {Min.) Calcium titano-silicate, 
CaO . TiO^SiOg. Calcium oxide = 24-2, titanic acid 
•= 43 • 2, silica = 32*5 pc'.r cent. Monosymmetric ; 
u.sunllv brown and lustrous; rarely green. It is a 
common constituent of metamorphic rocks. It is 
found in the Criffel granite ; in Argyllshire in 
schists ; in Devonshire, France, Norway, etc. 

Sphere. A surface of wliich all points are equi- 
distant from a given point, termed the Centre of 
the sphere. A Diameter is a straight line passing 
through the centre and terminated at each end by 
the surface; a Radius, a straight line from the 
centre to the surface. Every plane section of a 
'Sphere is a circle; if the plane pa5.s through the 
centre of the sphere, the circle is termed a Great 
Circle; any plane not passing through the centre 
produces a Small Circle. The Axis of a great or 
small circle is the diameter of the sphere at right 
angles to the circle ; the Poles of the circle are the 
ends of this diameter. Great circles passing through 
the poles are termed Secondaries to the circle. 
The part of the surface lying between three arcs of 
great circles is termed a Spherical Triangle. The 
area of a sphere of radius ris4irr®; the volume is 
iirr*. 

Spherical Aberration {Phys.) A pencil of parallel 
rays after reflection from a curved mirror, or refrac- 
tion through a lens, does not in general converge to 
(or diverge from) a single point. {See FOCUS, ete.y 
This departure from the elementary law is termed 
Spherical Aberration. 

Spherical Candle Power {Ugkf). The average 
of the values of the candle power cm a source of 
light, measured in all directions, i.e. at every point 
on the surface of a sphere surrounding the source. 
It is equal to the candle power which a theoretical 
point source, emitting light with uniform intensity 
in all directions, must possess in order that it may 
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the same total quantity of light as the source , 
under con.sideratioD. j 

Spherical Excess Denotes the error ! 

due to the curvature of tlie earth’s surface in a survey i 
•of great extent. ] 

Spherical Triangle ( Geom.) A part of a spherical 
snrmce intercepted between three arcs of great | 
circles which intersect each other. 

Spheroidal State {Phys.) If a small <]uantity of 
liquid be placed on a surface heated to a temperature 
considerably above the boiling point of the liquid it 
will collect into globules which roll about without 
boiling. A layer of vapour is formed between the 
drop and the hot surface. 

Spheroidal Structure {Geol.) Artificial glass, if ; 
3 )ermitted to cool very slowly, tends to lose its trans- ‘ 
parency at many points throughout the mass ; and ' 
when the glass has finally cooled, these semi-opaque 
areas are seen to be spheroidal in form, and to be • 
made up of ncedlelike particles radiating from the 
•centre of tlie spheroid. Kccent investigations have 
proved that these needles consist of wolla.stonite, a , 
eilicate of lime. Many natural glasses and slags of | 
eruptive origin show a similar structure, and to these 
the above name is given. 

Spherometer etc.') An instrument for 

measuring the radius of a spherical surface. It has 
three equidistant fixed pointed feet, which rest on 
the surface ; in the centre is a screw with a pointed 
end, which can be raised or lowered by turning a 
graduated head fixed to the screw. The instrument . 
is first placed on a plane surface, and the screw 
turned until its point exactly touches the surface ; 
it is then transferred to the spherical surface and tlu‘ 
screw raised (or lowered) until it again touches. If 
41 be the distance* through which tJie sc.rew has been 
raised or lowered, and I the distance between the 
fixed poinf^i, the radius of the surface R is given b\ 
the formula 

n = £ + 1 

2 

Spherulitic Structure (Grol.) The term applied 
to th(' ball-.*<ha[>ed masses which many eruptive rocks, 
especially those of basic composition, are apt to 
assume after they have been exposed £«>r some time 
to the weather. 

Sphyrelaton {Archtrol.) The name given to 
ancient hammered metal work. 

Spider {Meet, Eng.) The part fjf an armature by 
which the core discs are supptuted and connected to 
the shaft ; usually furnished with arms corres landing 
to the spokes of a wheel. 

Spider Wheel {Mio.) Anv wheel with ven* light ■ 
radial arms. 

Spinel 07' Spiegelelsen {Met.} A pig iron or white 
c^st iron containing 3*5 to 6 per cent, of carbon, 
and from 2 to 12 per cent, of manganese. Its 
fracture often presents well developed crystalline 
planes, hence the name. If the manganese is much 
in excess of the latter amount, the name FCBltO- 
AiANCANESE {fj.v.) is given to the alloy. Spiegel is • 
much used in steel manufacture as a convenient 
means of adding additional carbon, etc., to iron • 
which has been almost entirely dccarburised, as in 
the Bessemer, the Siemens, or the Siemens-Martin | 
process {q.v.) ; 

Epid^t* (^) The end of a pipe that fits into the ’ 
faucet or socket of another pipe. (2) A pin or small i 
plug used to stop a faucet {q.v.) or a hole in a cask. 


Spike {Eng.) (1) A large nail. (2) The fastening, 
resembling a nail, used to fix railway chairs {q.v,} to 
the sleepers. 

Spile ( Carp, and Join.) A rod of wood provided 
with a notch in the side, in which a pencil is held ; 
it is used in marking the contour of an irregular 
surface or edge to which another piece of wood has 
to be fitted. The end or point of the spile is applied 
to the surface at a suitable point, and a mark made 
by the pencil on a board held in a convenient posi- 
tion ; this process is repeated at a series of points 
along the irregular surface until a sufficient number 
of marks have been made on the board to enable the 
true contour of the given surface to be drawn. 

Spiling (Carp.) The method of scribing with a 
Spile { q . v .} 

Spills {Met.} Openings or crevices found in 
inferior wroiigljt iron bars. 

SpinsB {Music}. The name given to the jacks or 
plectra of tlie spinet. 

Spindle {Eng.) A small axle or shaft. 

{TcscUlc Maihufac.) (1) A common term for 

anything which rotates for the purpose of winding 
thread into coils, on to bobbins, or on a bare spindle. 
(2) An iron rod on which a tube or bobbin holding 
the spun yarn is }dacod. 

Spindles (Met.) Sec Bbeakinc? riEcus. 

Spindle Tree {Ectimy). See Eitonymus. 

Spindle Valve (Eng.) A valve whose motion is 
guided by a rod fixed to the movable portion and 
running through bi^arings. 

Spinel {M'ht.) Magnesium aluminium oxide, 
MgO.AKp^ The chief mineralogical varieties are : 
(1) Ordinary, (2) Ruby bpinel, (3) Ceylonilc, (4) 
Ohlorospinel, (5) Picolite. Varieties niuiujd from 
colour are: Red, Spinel Ruby; Rose, Balas Ruby; 
Black, Pleonaste ; Orange, Red Uubicelle ; Violet, 
Almandiiie Ruby. Spinel crystallises in the cubic- 
system, usually in octahulra. It is distinguished 
from the true or Oriertal ruby by its inferior hard- 
ness, different crystaliine form, and .^lightly inferior 
density; from garnet by its infnsibility ; frf»m zircon 
by its lesser dcnsiiy. It is largely used as a gem. 
See pRECTOx’.-i Stonec?. It is found in metamorjihic 
locks in Ceylon, Pegu, Siam, N<‘w Jersey, etc., and 
elsewhere in rocks of eruptive origin. 

Spinel Ruby {Min.) A variety of Spinel {q.v,} 

Spinet {Musie}. A keyed instrument, varying in 
ahaj.)e, played by means of jacks, and having one 
string to ea<;h note. The strings ran from left to 
right of the }»tirfornier. In the Victoria and Albert 
Museum, Houth Kensington, may be seen various 
specimens of the spinet, as wedl as a clavicyiubalo, an 
instrument with four string-s to each note, two giving 
8 ft. tone and the others 4 and 16 ft. tone resjiec- 
tively, which were also played by jacks. The 
.spinet was in u.se in the sixteenth, seventeenth, and 
eighteenth centuries. See also Musical Instru- 
ments, p. 429, and VIRGINAL, 

Spinning, See Cotton, Linen, Silk, Wool, 
Mule, Ring Frame, Rove, Sliver, Blubbing, 
Spinning Jenny, Yarn, etc. 

Spinning Jenny {Cotton Manufac.) The first 
machine by which the modern system of mechani- 
cally spinning cotton into yams was effected. In- 
vented by Ifargrcaves of Blackburn (Lancashire). 
In this machine the necessary degree r^f fineness 
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waa imparted to the rovings by drawing them through 

cloves,” or clasp rods, instead of, as at the present 
time, by passing between rollers. It formed the 
nucleus of the subsequent inventions of Arkwright’s 
water frame and Crompton’s mills. 

Spinning Metal The formation of circular 

objects from thin sheet metal in a lathe. The sheet 
metal is placed in front of a mould attached to the 
mandrel, and pressed into the mould as it revolves by 
a suitable tool. The latter resembles a burnishing 
tool, and has a rounded end, which is kept lubricated. ’ 
Pewter and similar alloys can be spun very easily, but ! 
brass and copper can be treated in the same way if | 
they are well annealed. Such objects as plates, ' 
cups and bowls, etc., are thus produced. i 

Spiral. A spiral is a plane curve, generated by a ; 
point which travels along a line while the latter ! 
rotates round a fixed point termed the Pole ; the I 
velocity of the moving point along the line (or | 
Radius Vectob) i.s related to the angular velocity \ 
of the latter by a definite law whitdi determines the \ 
form of the spiral. Let 7* be tlic distance of the | 
generating point from tbe pole, and 6 the angle ; 
through which the radius vector lias turned from i 
some given position ; then 

for the Spiwal op Abchimedks, /■ - 
for the LOGABITIIMIO Spiual, r « ; 

for the Hypebbolic 8pibal, rB ^ a. 

Spiral Gear (Eng,) Wofm wheels, helical gear . 
wheels, etc. {q.v.) 

Spiral Nebalse {Astron.) NebuUc take various * 
forms, among which a great number are spiral * 
shaped. The nebula of Andromeda is tbe easiest 
to observe. 

Spiral Spring, strictly speaking, a spring coiled 
in one plane, such as a watch spring. But the term i 
is also common! V applied to a Helical Spring ’ 

Spire {Architect.) The tapering part of a steeple 
rising above the tower, forming a roof of very acute 
j>it/ch. It is one of tbe cbaraclerivstit; features of 
tfOthic architecjture. See FLfsCHE and Broach. 

Spirillum {lUoh) Bacteria having the form of 
long unjointed threads, coiled into a spiral form. 

Spirit. A term wdiich includes Methylated 
Spirit, Rectified Spirit, and Spirits op Wine ■ 
(?•»•) 

Spirit Fresco. See Painting (Methods). 

Spiriting Off. See French Polishing. 

Spirit LeYel. A device for delecting deviations 
from a horizontal position. It consists essentially of 
a glaes lube (or other suitable receptacle) containing 
spirit in which is a bubble of air ; this bubble always | 
moves towards the highest point in the tube, so that 
if cme end of the tube be higher than the other the 
babble moves to that end. The glass lube is attached 
to a suitable base, usually of wood. 

Spirity Motor. A mixture of the lighter petro- 
leum hydrocarbons, having a specific gravity of 0*68 j 
to 0*7. The test of gravity alone is an insufficient i 
guide to the value (>f a spirit as a motor fuel. The ' 
chief characteristics to be noted are : (1) total range i 
of vaporisation, (2) percentage volatile at 212° F. j 
In (1) there is a guide to homogeneity, and a good | 
spirit should have a range of 65° to 77° between the j 
temperature at which it first gives vapour and the i 
temperature at which it is wholly vaporised. In i 


the case of (2) as much as 90 to 96 per oebt. should 
be volatile at the temperature of boiling water 
(212'’ F.) Some spirits are as low as 81 per cent 
No. 2 is an index to easy “ starting up ” This is 
data which can be easily supplied by any motor 
spirit maker, and will be found most instructive to 
the motor builder in determining the fuel best suited 
to his engine, as well as to tbe motorist in comparing 
the relative cost and efficiency of motor spirits. 

SpiFito, Con; Spiritoao {Music). With spirit; 
ill a lively manner. 

Spirit of Hartshorn {Ctiem.) (1) A solution of 
carbonate of ammonia distilled from Hartshorn. 
(2) At present it is generally the ordinary ammonia 
of the British Pharmacopeia (10 per cent, by weight 

Spirit Oil. A pale yellow light distillate that is 
sometimes obtained in the distillation of Vorkshire 
grease before the “first distilled grease” begins to 
run. It darkens on expo.siire to the air, and much 
resembles the distillate from bone tar. It boils at 
160° C. 

Spirits of Salts. A trade name for Uydbo- 
chloric Acid {q.v.) 

Spirit Yarnish. ^Siee Varnishes a?id French 
Polishing. 

Spitz-flote {Music). A conical wooden organ pipe 
of thin, reedy tone. It is generally of 4 ft. tone, 
though it may also be of 8 or 2 ft. tone. Its 
name means “pointed flute.” 

Splashing {Plumb.) Placing melted solder on a 
joint that is to be wiped {q.v.) by throwing or 
^plashing it from a ladle. 

Splay (Build.) A sloping surface, larger than 
a chamfer ; a surface making an oblique angle with 
another surface. To “splay” is to form such a 
surface on any object or part of a building. 

Splayed {Build.) See Splay. 

Spleen {^eol.) A spongy glandular organ forming 
one of iJie “ductless glands” found in vertebrates. 
Jt lies in the upper j>art of the abdomen, near the 
stomach, and has functions concerned with tbe blood 
corpn.solcs. 

Splice. (I) A joint formed in timber by lapping 
the ends of two pieces together ; sometimes used as 
synonymous with Scaup. {2) A joiut in a rope, etc. 

Spline. (1) A projecting ridge on a shaft, serving 
as a fixed key {(j.v.) for a pulley, etc. (2) A thin 
hath or rod, usually of lance wood, used to aid the 
drawing of smooth curves through a number of given 
points. 

%p\\t {Lraiher Maiiufae.) A skin that has been 
split into two Layers by a cutting machine. Cf. 
Hair Hplit and Flesh Split. 

( JeMikt Matmfae.) See 11 RED. 

Split Bend (Plumb.) A bend in a pipe, made in 
two pieces. 

Split Phase {Blect. Eng.) The division of an 
alternating current into two )Wbs, differing in phase, 
is termed Splitting the Bhase. If the current be 
divided into two branches in parall^^l with each 
other, one of those having a large resistance, the 
other a large self induction, the difference of phase 
tvill ap])roach the maximum value, 90°. The device 
is commonly use<l in starting single phase motors. 
Sec Motobs, Electbic. 
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Split Pin* Usually made from a length of wire of 
hemispherical section, which is bent round until the 
flat sides arc in contact, a small loop or head being 
formed at the bent end. The split end is passed 
through a hole in a rod or shaft, and the ends 
separated. The loop and the separated ends thns 
serve to retain some object in place. 

Split Pulley (AX<7.) A pulley made in two halves, 
whicii are placed in position on a shaft and then 
bolted together. By this mc«ans a pulley can 
fixed on a shaft already in place without, removing it 
from its bearings. 


W e Cloth {Eng,) A cloth of loose texture 
place of cotton waste for wiping oil off 
I machinery. 

Spontaneous Combustion* Combustion produced 
without the application of heat from an external 
source. 

Spoon Bit A form of wood boring bit 

somewhat resembling a small gouge, but having its 
cutting edge curved in profile. 

Spoon Gouge. A gouge (^.u.) with a bent blade 
for cutting out cavities with curved internal surfaces. 


Split Ring {Eng.) A Piston Ring 

Splitting {FouTidry). Dividing a mould into two 
by means of a flat iron plate, termed a Splitting 
P tATE, in order to obtain a casting in two halves ; 
the method is employed in casting split pulleys 

(ff.p.) 


9ipokCoiim(CottnnTrade). Actual cotton bonght 
for cash through a broker for immediate use at mill. 
Of. Futures Cotton. 

Spotting Motion {Textile Marmfac.) A motion on 
the twisting frame for developing spots, at intervals, 
. on the surface of twist yams. 


{Leather Mamtfac.) The process of splitting 

leather into two or more layers parallel with the 
surface. Cf. Chamois Leather. 

Splitting Plate {Foundry). See Splitting. 

Split Wheel {Eng.) Any wheel rlivided in two. 
as in the case of a Split Pulley (^.r.) 

Spodumene {Min.) Aluminium lithium .•silicate, 
ALOj, . Li/) . 4SiO.^. Alumina = 29*4, lilhia =» 6*4, 
silica = 64*2 per cent. Monosy in metric. Grey or 
greenish, with very perfect cleavage iiarallel to 
the orthopiuac.oid. In the Peterhead granite, from 
CO. Dublin, Sweden, Tyrol, the United States, etc. 

Spoilage {Pf 'bit.) The “ waste ” or spoiled sheet', 
ill printing. 

Spoke Machine {Eng., etc.) A form of (‘opying 
lathe used for making wooden spokes for wheels 
The piece of wood revolves in the lathe, and the tool 
moves backwards and forwards at right angles to the 
axis of rotation, being guided by an iron template of 
suitable form. 

Spokes* The arms of a wheel. 

Spokeshave {Carp.^ etc.) A tool cousisling of 
a cutting iron of which the action is similar to that 
of a plane, but it is mounted in a stock or holder 
whose principal lengtli is parallel to the cutting 
edge; the ends of the slock are forine<l into two 
handies by which the tool is moved backward and 
forward. Hpokeshaves are chiefly used on work 
wdiich possesses a ijonsiderable curvature, v.g. hand- 
rails, etc. 

Sponge {Met.) A mass of iron from the puddling 
furnace not yet hammered into a homogencou.s 
mass. 

{Zool.) Sponges form a lowly division of the 

animal kingdom, coming just above the Protozoa, or 
simplest animals. They are marine animals, se^lentary 
and passive like plants, with which they were once 
classifled. They possessa skeleton formed of calcareous 
or siliceous spicules, or of fibres of a material termed 
Spongin, which resembles silk in its chemical corn* 
posdtion. Both spicules and spongin fibres may occur 
in the skeleton. The sponge of commerce is the 
dried skeleton. 

Sponge Bed {Oeol.) In the Cretaceous Kooks, 
fossil sponges occur in abundance, and in some ca8e.s 
are sufficiently numerous to form beds of rock, which 
are termed Sponge 


Spouts ( Meteorol.) Cloud-likc or fog-like phenomena 
of a slender and more or less tapering form formed 
in the air unrler certain atmospheric conditions. 
The more common form is a waterspout {g.r.) 

Spray {Ftni/ulry). A small Gate or Kunner 

{q.v.) 

Spray Carburetter {Motor Car$^ et-e.) A spray 
carburetter consists of a small chamber, into which 
the liquid fuel (oil, spirit, etc.) used for driving a 
{)etrol or similar motor is converted into vapour and 
mixed with air to form an explosive mixture. The 
liquid enters the chamber through asmall orifice which 
communicates by means of a tui»c* of small bore with 
the tank in wliicli the oil or spirit is stored ; the 
supply of liquid is usually governed by a needle- 
valve actuat(Ml by a hollow metal float, which closes 
the opening when the liquid enters too rapidly. 
The stream of liquid being very flue quickly breaks 
up into fine drops, which rapidly vaporise in the 
chamber; the vapour mingles with air, and is drawn 
into the cylinder of the engine. See Petrol Engine. 
Motor Oars, Cycles, etc. 

Spray Tuyere {Met., etc.) A Tuyere (<y.r.) cooled 
by water impinging on its surface in the form of 
very fine jets or spiay. 

Spreading Power of Pigments* See Covering 
Power. 

Sprengel Pump. See Air Pumps. 

Sprig. A brad or nail cut out of sheet metal. 

Sprigging {Carp., etc.) To fasten with sprig.-^, 

{Fotmdry). Supporting small and weak 

portions of a mould by means of thin sprigs or brad.*^ 
which are driven into the sand. 

Spring {E'ng., etc.) A piece of elastic material 
(tenifH^red steel, hard bniss, wood, rubber, etc.), 
generally in the form of a thin rod or ribbon, employed 
to exert a force in a definite direction when bent or 
otherwise distorted. This force may be required to 
actuate mechanism as in clockwork, to diminish the 
effect of sudden shocks, as in vehicles, or to exert 
some controlling effect on a moving part in certain 
mechanism. See aUo Helical and> Spiral 
SPRINO a 

or Springing {Architect.) The point where 

the curved portion of an arch meets the abutments 
or piers. Arch, 
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Sppii^ Balwice. A deTice consisting esseotially 
of a lielical spring, whose extension is' proportion^ 
to the weight or other force applied to it; the amount 
of this force is ascertained by reading off the ex- 
tension of the spring on a properly divided scale 
which is attached to it. 

Spring Bows. Small coittpasses whose legs are 
connected by a flat steel ribbon forming a spring, 
instead, of by means of a hinge. !]'he distance apart 
of the points can be rcgnlated by means of a screw 
and nut. 

Spring Chuck {Entj.') A chuck {q.v.') in the form 
of a hollow cylinder or tmp, with several fine slits 
cut parallel to the axis. An object which is placed 
in a chuck of snitablc size can be lield fast by 
the pressure of the sides of the chuck, aided, if 
necessary, by a ring driven on to the outside of the 
cliuck (which is turned to a sligld taper). These 
chucks are only suitable for light work, but are veiy 
convenient when a considerable number of objects 
the same size arc being turned up. 

Spring DividerB. Dividkuh (q.r.) with a spring 
joint sijuilar to that of Spuinq Ih>W8 (<y.r.) 

Springer ( /ivilt/., ntn.) 'J‘lic stone abutment at the 
springing of an arch, t^o AitCll. 

Springing Line. iSbd Aacn. 

Spring Jack. An interceptor used in curtain 
manufacture, so formed that it has su flic lent elasticity 
to place itself in action updti the release of a string. 

Spring Pawl (AV/y/,) A pawl or catch of a ratchet 
wheel which is oiuised to bill into its plac.e by 
means of a spring. 

Spring Ponty (Glms Maimfac,') A tube of iron 
having a liat circular plate attachc<^ at one end. A 
light roi\ of iron running down the centre of the tube 
bus a at its crul in the form of a horseshoe. 

By means of a spring, the plate attached to the tube 
is made to against the horseshcK? plate. The 

foot of a wineglass is placed be tweonj these, and heJ<l 
in position by the spring. This allow's the w'orknaan 
to liiiisli the article the same as if it w'crc ifv^k to 
the ordinary pt^uity. 

Spring Pulley A pulley made of wrought 

iron or steel, divided by a cut passing iJirough the 
boss and one side of the lim. It can lx? .sprung ojieii 
sufliciently far to enable it to be p.isse<l o\cra shaft, 
tlius serving the same pur[)ose as a true Split 
ruLLEV (/y.r.) 

Spring Ring A Pistok hiNa (g.v.) 

Spring Safety Yalve A Safety Valve 

(q.r.) which is closed by a Hj^ring instead of a weight. 
The force acting on the valve is independent of the 
position or motion of the valve, and therefore a 
spring safety valve is suitable for locomotive c»r 
marine boilers. 

Spring Tides (Astron.) JSee Tides. 

Spring Tool A metal turning tool winch 

has a bend in its shank near the point. This enables 
the tool to yield or spring to a slight extent. It is 
used for taking a very light finishing cut on a piece 
of work which has been turned to very nearly its 
exact size. 

Spring Water. Springs; Water; atidunde-r 
Sanitation. 

Springi. The overflow of the ground water. Tlie 
rain, falling on a permeable stratum, percolates 
downwu^s until it reaches an imi)ermeablc stratum, 


and it is this underground store which crops and 
forms spring. Various oonditaons deterraine the 
amount of rain which penetrates the ground, namely^ 
the nature of the soil, the conAguratlon the land^ 
the temperature and the movement of the air. Clay 
is almost impermeable, whilst gravel or a loose e^dy 
soil absorbs about 96 per cent., limestone about 20* 
per cent., and chalk about 42 per cent. With an 
increase of temperature evaporation is rapid, and less 
water p^etrates the surface. In a flat district 
evaporation is 50 per cent, less than In an undulating 
one. When springs flow from artificial gravel beds 
they are termed “ land springs ” ; these are shallow, 
and their flow is not constant. “ Main springs ” are 
found in deeper strata, and yield a regular supply. 
SpringvS sometimes hold in solution some of tlie 
mineral constituents of the rocks through w^ich 
they pass. In many of these the mineral matter is 
so excessive as to render the water unfit for ordin^y 
drinking pur|'>ose.s, though they are of value 
medicinally. The temperature of such springs is 
often high. 

Springs {fTeoIJ) Springs may be divided into tw'o 
classes in accordance with their origin : (1) Normal 
springs, sufficiently described above ; and (2) Ther- 
mal Springs, which are doe to the uprise of heated 
waterh from a subterranean source. These latter 
bring up various sub'^tanecs in solution, and eventually 
deposit them at liiglier levels at the points where 
the temperatures of the adjoining rook arc lower 
tiian those of the initial tempera tuie of the spring. 

Sprocket or Sprocket Wheel (A%., etc,) A 
toothed wheel driven by a chain. In cycles 1 he term 
is usually re'^erved for tlie wheel on the dri\ing tixle 
of the machine. See C’YCLES. 

Sproket Piece {Carp, ami Jo'm,) A tilting fillet 
fixed on the low’cr (‘Jidts of roof lafters. 

Spruce. Sec 'W'oods. 

Sprue {Found/t'y). A channel or runner by which 
molten metal enters a mould. See CIatb. 

Spun Metal. See Spinning Metal. 

Spun Silk. See Silk. 

Spun Yarn {Fuff.) In engineering this terra is 
applied chiefiy to loosely spun hemp rope, which 
is used as packing for stalling- boxes and joints in 
steam japes. 

Spur {Print.) See Points. 

Spurious Disk {Afttron.) Owing to light of all 
wave lengths not being brought to a focus at one 
pi>iut, the image (say of a slar formed by a lens) is a 
disc, surrounded by a series of interference rings. 

Spur Wheel {Fng.) A tootlicd wheel of the 
ordinary form, i.e. with the teeth on the outside of 
the rim. 

Squabble {Typog.) To disturb the arrangement 
of lines of type so as to render it unfit for printing ; 
i.e, to “ pic** the matter. 

Squall {MetearoL) A local rush of air w'hich 
restorers normal conditions when the air has be*en 
disturbed by local causes. High wind and heavy’^ 
downpours generally accompany it. 

Square. A geometrical plane figure having four 
equal sides and four right angles. 

{Build., etc.) One hundred square feet of 

boarding, slating, etc. 

{Bng., Carp., etc.) A tool used for drawing, 

setting out, or testing right angles. It has a stock 
of wood or metal and a flat thin blade, usually of 

45 
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steel, set at right angles to one edge of the stock. 
The squares used by workmen are usually in the 
form of a letter L ; those used by draughtsmen are 
in the form of a letter T, and are therefore known 
as T-Squabbs. 

S nare and Flat (Carp.) Framing without 
ding, and with a nat panel. 

Square Centre A piece of steel placed in 

the back head or poppet of a lathe in place of the 
ordinary centre, in onler to cut a conical hole in a 
piece of work placed in the lathe ; its point is made 
in the form of a squarc-based pyramid, instead of 
being conical. AVben a bole of sufticient depth has 
been cut, the square centre is removed and an 
ordinary centre is substituted. 

Squared Paper. Paper ruled with two sets of 
lilies, often in., or 1 millimetre, apart ; used for 
plotting curves from a series of numbers obtained 
by calculation or experiment. 

Squared Rubble (liuild.) Stone walling in wbich 
the stones arc squared on the face. 

Square Nosed Tool ( Kng.) A metal turning tool 
with a straiglit cutting edge, at right angles to the 
axis of the tool ; it is used for finishing work which 
has been roughed out by a round nosed or a pointed 
tool ; the ridgtis left by tlie latter arc removed by 
the straight cutting edge. 

Square Paekiud (Ejig.) Hox)e or gasket plaited 
into a square section for filling joints or stuffing- 
boxes. 

Square Threaded Screw (Eng.) See Scrbw. 

Squaring Up (Carp.^ itc.) The production 
of sides or faces on a piece of woik accurately at 
right angles to one another. 

Squeezer (Met.) A machine by which a hall of 
puddled iron is presved into a homogeneous mass, 
ready for the rolling mills. 

Squills (Botany). The sliced and dried bulb of 
JTrginea scilla (order, Liliacece) forms the drug of 
this name. 

Squinch (Arehiteci.) Qlie arches or series c.f 
projecting courses canning four of the side.s of an 
octagonal spire across the angles of a square tower. 

Squint ( ArchUert.) See Hag ioscopb. 

(Build.) A term loosely applied to an object 

cut at an obtuse or acute angle. 


Squint Brick (Build.) A brick cut to an acute 
or obtuse angle. 

Squirrel Cage Rotor (Elect. Eng.) A Rotor or 
revolving portion of an alternating current motor, 
built up of parallel bars of copper, joined together 
at their ends by a conducting rim or disc. 

Squirting (Ckem. Tech.) See Plotting, 

Sr ( Chem.) The symbol for Strontium (qjo.) 

Stabbing (Bind.) A method of attaching the 
various sections or sheets of a volume or pamphlet 
together. Ibe sections are placed in a pile, pierced 
near their back edge, and then secured by wire or 
thread passed through the boles. See Sewing and 
Stitching. 

Stable Equilibrinni (Phyg.^ Jleeh.) See Equili- 
brium, Stable. 

Staccatbnimo (Mwic). As separated as possible. 
CJf. Staccato. 

Staccato (Mu$ic) Hetacbed, separated. Staccato 
is the opposite to legato. There are three degrees 


of staccato, shown respectively by dots with a slur, 
by dots, by dashes. The following brief examples 
show these, and an approximate idea of their per/- 
formanoe is given beneath each : 



Mezzo Staccato (as played), three-quarters note, one-quarter 
rest. 



Sx. 2.— Staccato (as written). 

Wee5F.ii. 



Staccato (as played), half note, half rest. 




Stack. In engineering, a single tall chimney. 
Builders usually apply the term only to a number 
of chimneys or flues grouped together. 


Stadia (Surveying), The staff used in conjunc- 
tion with the iacheometer (q.v.) or similar instru- 
ments for the indirect measurement of distances. 

Stadium (Archieol.) (1) A course on which foot 
races took place in (rreece ; the most celebrated were 
at Olympia and Athens. (2) The distance between 
the terminal pillars of the stadium, rig. 600 ft,, 
equal to 625 Roman feet. 

Staff (Muxie), See Stave. 

(WatcheH). The small spindle or arbor on 

which the balance (q.v.) is mounted. The arbor of 
the pallets of a lever watch is also called a staff. 
See arbor. 

Staff Bead. See Angle Bead. 

Stafford Bluei. A^sBbicks. 

Stage. (1) A flat surface forming a support ; the 
term has many applications, e.g, a landing Stage, the 
Stage of a theatre, etc. (2) The part of a microscope 
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<^.v.) or of an optical lantern which fsopports the 
elide or other object to be viewed. (8) A definite 
point in a series of operations, or one operation of 
a series. 

Btafa i€hoh) A name now applied to one of the 
minor groups of beds, which are themselves com- 
posed of several strata. Stages unite to form a 
Series, Series to form a System, and Systems to form 
a Group. 

Stage MiCFometep. See Eyepiece Micbometeb. 

Stage Pass {Textiles), See Entebixg. 

Staggering {Eng,^ Elect. Etig„ etc.) An arrange- 
ment of a number of separate objects, e.g, rivets, so 
that they are not exactly opposite to, or in line with, 
each other. 

Stag's Head {Her.) The antlers of a stag in 
heraldry are called “ attires ” ; the branches, “ tynes.” 

Stain (Dec.) Colouring matter dissolved in oil, 
spirit, or water, and sufficiently transparent to show 
the grain of the wood tlirough. 

Stainers {Veo.) The popular term among painters 
for all pigments which are mixed with white lead, 
^sinc white, etc., for painting puiposcs. See Vaint 
Mixing. 

Staining {Leather ^lanufae.) Ilrusliing over the 
surf;ice of leather with a strong solution of a dye- 
stuff; commonly called Brush Dyeing. 

Staircase {Ihtild.) Staircases are built of wood, 
stone, or iron, the former being emploj'ed in most 
private buildings. A wooden staircase consists of a 
succession of steps, each formed by two boards, one 
forming the Tbead or horizontal surface on w'hich 
the foot rests, the other being placed vertically so as 
to fill in the space between two successive treads : 
this is termed a Riser. The edge of a tread usually 
projects beyond the riser, and is rounded off or 
moulded, forming a Nosing. If the nosing is carried 
round the end of a step, so as to cover the exposed 
end of the trend, it is termed a Returned Nosing. 
If a small scotia (^.r.) is fixed to the riser under the 
nosing, the latter is termed a Bottue-nose. A step 
with a rounded end is termed a Bull-nose Btep : 
this is often used for the lowest step of a flight. 
If this step has the end formed into a volute, 
(corresponding to the form of the wreath on the 
end of the handrail, it is termed a Curtail Step. 
The width of a tread is termed the Going, the 
expression “ going of a flight ” being the horizontal 
distance over which tlie wdiole flight of steps extends. 
The ordinary steps, whose width is uniform, are 
termed Fliers, those of triangular or tapering form, 
which occur where the stairs turn or “ wind,” being 
termed Winders. A wdndcr which occurs right in 
the angle of a staircase is usually kite-shaped, and is 
-termed a Kite Winder. The ends of the treads 
.and risers are supported by boards termed Strings, 
running the whole length of each flight. The string 
next to the wall is termed a Wall String, the 
.other or outer one a Well String, as it lies 
next to the Well, or central space of the staircase, 
which is seen when looking down from an upper 
landing. If the upper edge of the string forms one 
continuous line, the term Close String is applied 
to it ; a Cut String is one which is cut out into 
right-angled notches following the profile of each 
step. The ends of each step in a cut string may be 
oonoealed by ornamental brackets fixed to the string, 
forming a Bracketed String, or the ends of the 
.risers may be mitred to the vertical edges of the 


notches in the string, thus forming what is tennedi a 
Mitred String, or Cut and Mitred String. If 
the strings form a continuous line where the staircase 
bends round, they are said to be Wreathed, the 
same term being applied to the handrail. The 
latter is a moulded rail on which the hand rests ; it 
is supported by vertical pillars, termed Balurtebs. 
rising from each step ; the large column at the end 
of a flight, to which the ends of a handrail are 
attached, is a Newel. Stairs are sometimes pro- 
vided with extra support in the form of roughly 
strings placed nn(ier the steps : these are termed 
Rough Strings or Bough Cabrtageb. The resting 
places between the flights are termed Landings, a 
Half Space Landing being one which extends the 
whole width of the staircase, a Quarter Space 
Landing extending the width of one flight. 

Stake. (1) A general term for a bar with a 
pointed end. (2) In the foundry a spike driven 
into the floor for holding a moulding box in position. 
(.8) A form of anvil used by sheet metal workers ; 
it generally has a small face or plain surface, and 
long projecting points or beak irons. 

Stakin|{ {Leather Manvfae.) Drawing leather, 
in a moist condition, vigorously over a bluntish 
blade fixed on an upright post. This stretches and 
softens the leather,, and prevents the fibres from 
sticking together while drying. 

Staking On {Eiiy.) Fixing a wheel on a shaft 
by means of several keys; the wheel is not accu- 
rately bored out to fit the shaft, but has an opening 
larger than the diameter of the sliaft, and correct 
centring or adjustment is obtained by the keys alone. 

StalactitoB {Geol.) Pendent masses of some rock- 
forming mineral, rudely circular in cross section, 
which have been deposited on the inner side of the 
roof of a cavity by the slow evaporation of water 
holding the substance of that mineral in solution. 
The best known examples are those of carbonate of 
lime, such as may be seen depending from the soffit 
of a railway arch, and which arc due to the solution 
of some of the carbonate of lime in the mortar, and 
its redeposilion at a lower level under the joint 
influence of surface tension and gravitation. Nearly 
all limestone caverns contain stalactites of carbonate 
of lime. Stalactites may be formed by almost any 
mineral, e.g. heematite, chalcedony, malachite, et(^ 

Stalagmite {Geol.) Deposits found in the same 
manner as stalactites ; but left upon the floor of the 
chamber instead of being pendent from the roof. 

Stall Board {Carp, and Jam.) The boarding 
inside a shop window on which tlie goods are 
displayed. 

Stalls {Architect.) The fixed and partially en- 
closed seats in the chancel of a church, used by the 
clergy and others assisting in the services. 

StamnoB {Archteol.) A two-handled earthenware 
Greek jar with very short neck, used for holding 
liquids ; often decorated with red figures. 

Stamp {^Tet.) (1) Specifically that portion of 

the machine of a stamp mill that delivers the blow 
by which ore is reduced to a suitable size for further 
treatment in the processes of separating the valu- 
able constituents. (2) A STAMPING MACHINE (^.r.) 
(3) A Stamp Mill {g.v.) See aUo Slime and 
Stamps. 

Stamping {Textile Manvfae*) The operation of 
punching the cards for the harness loom according 
to a given design. 
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Btamplng Xadiine, Stamping ^bb. (1) A 

machine used for forming metal articles, generally 
in the rough. (2) A machine, generally worked by 
power, for forming hollow metal utensils. The 
shaping is effected, not by a blow, but by a con- 
tiuuous pressure brought to bear on the dies. 

Stamping PresB (^Bvnd.) See Blocking Tbess. 

Stampings iEng,, etc.) Metal objects produced 
by means of dies actuated by a press or stamping 
machine. Some metals may *be used in the cold ; 
others require heating. Among the latter is wrought 
iron, stampings of which are frequently ms^e, 
thereby saving much labour in the forgo. 

Stamp Hill iMet.} A machine or set of machines 
for crushing ore by means of vertical blows. 

Stamps iMet.') Another name for Noblins. Also 
the rough bars of about 28 lb. each obtained by 
nicking or partially cutting through a bloom or 
noblin. The stamps are broken to judge the grain 
of the metal before preparing a “pile*’ in the ]»ro- 
duotion of malleable and shod iron. 

Stanchion. A vertical bar or post serving as a 
support ; r.ff. an iron column (which may be built 
into a wall) carrying the end of a girder. 

Stancliffe Darley Dale Stone. iSec Build- 
ing STONf:s. 

Standard. A fixed measure, weight, value, or 
quality, estcablished by law or sanctioned by usiige 
and general consent, which serves as a definite unit 
of comparison. A flag or banner serving a.s the 
emblem of a government or society; an ensign. 

(Build.) (1) A vertical support ('/. Stand- 

ABD, Eu^.) (2) A vertical pole of a scaffold. 

— (Eng.) A term applied in a very wide sense 
to various supports, upright framing, etc., forming 
part of a machine, bridge, pier, or other structure. 

Standard Candle. A sperm candle, consuming 
120 grains (about 7'8 grams) of wax per hour, is 
taken as a standard of illumination, and the amount 
of light it affor<l.s, termed One Oandle I'oweb, is 
used in deteriuining the illuminating power of other 
sources of light. Ttie two lights are compared by 
some form of Photometer 

Standard DletB (Hygiene). See Foods. 

Standard Gold {Met.) See Carat. 

StandardiBation. (1) The comparison of any 
measuring or recording instrument with another 
of greater accuracy, or with one whose errors are 
exactly known. (2) In engineering, etc., the pro- 
duction of component parts of machines or structures 
in accordance with certain sets of measurements 
previously agreed upon. 

Standard Rule (Eng., etc.) A rule divided 
exactly into inches, etc., as distinguished from a 
CONTEACTION BULK (q.V.) 

standard SolntionB. For the purposes of volu- 
metric analysis, and for a great number of different 
purposes in chemistry and other scientific and 
technical work, it is necessary to have solutions of 
various substances of accurately knowm strength ; 
this strength is generally chosen with reference to 
some convenient standard depending on the precise 
use for which the solution is required. For example, 
solutions of an acid and of an alkali may be so 
made up that equal volumes exactly neutralise each 
Other ; in this case the quantities (by weight) of the 
acid and alkali contained in ^qual volumes of the 


solution arc proportional to their respective reacting 
weights. A solution containing 35*5 grams of HCl 
will neutralise another containing 40 grams of NaOH. 
If the two amounts are each contained in 1 litre of 
solution, the latter is termed a Normal Solution. 
A Dbci-nobmal Solution is one-tenth of this 
stren^h, and so on for other strengths. Standard 
solutions may, of course, be made of any other 
strength (subject to the solubility of the given 
substance) ; e.g. a solution of silver nitrate may be 
made so that 1 c.c. wdll exactly correspond to 
1 milligram of common salt or 1 milligram of 
chlorine. 

Standard Time QAgtrcm.) The time at every 
meridian fifteen degrees apart, commencing with 
the Greenwich meridian. 

Standard Wire Gauge. Si^e Wire Gauges. 

Stand Pipe. (1) A large vertical pipe at a water 
source, into v\hieh water is forced in order to obtain 
.‘sufficient pressure to carry it to a distance. (2) A 
small vortical i)i]>o Inuing direct connection with a 
water main. (8) A pipe suflicicntly high to force 
water into a boiler against steam pressure. 

Stanford's Patent Drain Joint (Saji.) is one in 
wliich the .s]flgot and socket eml.s of each pipe arc 
])ro%*idcd with a mould of smooth plastic material, 
causing them to fit accurately into each other. By 
greasing the piopared ends w'ith rosin and melted 
tallow a perfect joint is formed. 

Stanhope Press. See Typography. 

Stannates ( < 'hnu.) See Ti n Compou nds. 

Stannic, Stannous, Stannum (^(Itna.) Stannum 
is the Latin name for tin ; from it the chemical 
symbol for tin, Hii, is derived. Stannic is the prefix 
applied to tc^travah'iit tin compounds. Staiinou'' is 
the prefix applied to divalent tin compounds. St'C 
Tin. 

Stannine (Vin.) A sulphide of tin, copper, and 
iron, CUyS(Fe,/in)S . SnS^; tin = 27, copper — 30, 
iron = 13, srilphnr=30 per cent. Also called Bell 
Metal Oro and Tin Byrites. Cubic; colour greyish 
or bronze (hence Bell Metal Ore). If abundant it. 
is used as an ore of tin. From several localities in 
(■’ornwall, from Zinnw^ald in Bohemia, etc. 

Staple (Build., etc.) A piece of metal rod or 
wire pointed at the ends and bent into the shape of 
the letter U. 

(Textile Mannfac.) In the woollen and 

worsted trades a lock of wool. The quality and 
proptjrties of wool arc determined by the strength, 
length, and elasticity of the staple. For cotton, 
see un^>r Grading. 

Starch (Chem.) A white powder, 

with or without lustre, according to its source. It is 
composed of small granules, having an organised 
structure, but vaiying greatly in this respect and alst) 
in size. Starch from various sources can be identified 
by a miscroscopic examination of the structure and 
size of the granule. For example, potato starch 
consists of circular or oval granules marked with 
rings, and a circular or stellar hilum, and a size from 
'00 to *1 mm. Starch ordinarily contains about 
20 per cent, of water ; if exposed to moist air, this 
amount may be much exceeded. It loses its water 
in a current of dry air at 100^ to 105*. Does not melt 
when heated. Ordinary starch at 160® is converted 
into dextrine (British gum), which is soluble in 
water. Perfectly dried starch is not decompoble ir 
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160^, but is decomposed at higher temperatures. 
Starch is insoluble in cold water, bnt when made into 
a paste with cold water and then heated the granules 
are gelatinised, the temperature at which this occurs 
varying with the kind of starch. If the cold paste 
(5 grams starch to 100 cc. water) bo acted on by 
diastase for a few minutes only and then filtered, the 
solution contains starch, and an iusoluble residue 
remains on the filter paper. The soluble part is 
called starch granulo.sc,and tlie insoluble part starch 
cellulose, and it is the former which gives the dark 
blue colour w’ith iodine. When the product of the 
action of diastase just refcired to is quickly boiled 
to destroy the enzyme, filten^d, and then concentrated, 
a white precipitate separates on cooling. The 
precipitate, allowed to stand a few days, and then 
well washed with water, gives Soluble Stahcu. 
This variety of starch is completely, but rather 
sparingly, soluble in water; it is a colloid; its 
Holutiou is dextrorotatory, gives a bine colour with 
i<idino, and does not reduce Fchling's solution, 
foiling dilute acids convert starch first into soluble 
starch, then dextiine and maltose, and finally into 
dextrose. The action of nitric; acid is very various. 
Fujuing nitne acM (.sp. gr. I'o) ei\es an explosive 
nitrate or mixture of nitrate.*^; a more dilute acid 
gives saccharic Jichl (y.r.); prolonged boiling with 
such an acid (sp. gr. 1*2) gives finally oxalic acid. 
With the diluted acid large quantities of nitric 
oxide and nitrogen peroxido. are esolved. Iodine 
givc.s widi starch a deep blue colour, which dis- 
appt'ais on heating and reappears on cooling. What 
the blue compound is is quite unknown. Its pro- 
duction serves as a very delicate test, for starch or 
iodine (it will delect •CMXKlOil gram irjwline). The 
action of diastase is very important. Wlum starch 
paste is acted on by dia.stase at tlO'', the starch paste 
bec(unos quite thin, and loses its innvcv giving a 
blue colour with iodine, acquiring instead the power 
of giving a brownish-red colour, and lastly it loses 
this power. The final products are maltose and 
dextrine. Potato starch gives more dextrine and less 
maltose than any other staich. 

rilEPAllATlON AND ('OMMERCIAL VSES: Starcll 
is used for a great, v ariety of purposes : .us a food in 
the form of tlie various cornflours, for infants’ foods, 
and :is firrowroot, etc. ; for sizing paper and cloth, for 
the preparjAtion of British gum and glucose, for 
laundry purposes. It is prepared in England chiefly 
from rice, in America from maize, in Germany and 
Franc;e from potatoes. Various processes are em- 
ployed, but all arc in the main mechanical. One 
proce.ss from rice is to digest the rice with very dilute 
caustic soda (about 1 in 350) solution for twenty- 
four hours, the liquor is drawn off, and the residue 
vrashed with water. The caustic soda removes the 
gluten which binds the starch granules in the rice. 
The residue is ground to powder, which is then 
sieved, and the fine product again treated with 
alkali as before, only it is frcqiumtly stirred during 
the twenty-four hours, and then left to stand seventy 
hours. The liquor is run away, the residue well 
stirred with twdc'e as much water as so<ia solution, 
left an hour, and the turbid liquid, whmh now only 
contains the starch in suspension, run through fine 
silk sieves. The sieved liquor deposits the starch on 
standing, the water is drawn off, the starch drained, 
and dried in a current of air (six to eight weeks). 

Starch (^Food^). This exists in various fariuaoea 
in the form of microscopic', granules, differing in form 
and size accorvBng to their origin. When acted upon 


by the saliva and pancreatic juice it becomes grape 
sugar ; this, when taken up by the blood, is carried 
to the liver, where it becomes glycogen (^.v.), and 
from thence is supplied to the system. aUo 
Starch ( Clum.) 

Star ChartB {Astron.') Maps on which the relative 
positions of stars are plotted. The positions are 
determined from observations with the transit circle, 
or more recently from photographs. 

Star Connections (Meet. Eng.) An arrangement 
of tlie coils of a throe phase motor, such that they 
liave a common junction. 

Star Magnitudes {Agtr<m.) Stars were classified, 
long before the telescope was invented, according 
to their rebxtive brilliancies. Those which appear 
largest and brightest are termed Stars of the First 
Magnitude ; the next, stars of the Second Magnitude, 
and so on to the smallest stars visible to the naked 
eye, which are said to be of the Sixth Magnitude. 
The telescope has, of course, greatly increased the 
number, and the stars visible with a powerful in- 
strument are classified down to the seventeenth or 
eighteenth magnitude, or even beyond. I'he number 
of star'^ jn each magnitude is approximately given by 
Sir Hubert Ball as follows : 


/1st magnitude 

20 

1 2nd 

65 

} :ird 

190 

4th 

425 

5th 

1,100 

Vfitii 

3,200 

fTth 

. 13,000 


. 40,000 

[ihh 

. 142,000 


Star Moulding (ArchUeet.) An enriched Korman 
mouhling consisting of a series of sunk stars. 

Starting Engine (Mtg.) A subsidiary engine 
used on slcamsliips to set thciuain engine in motion. 

Starting Gear (Mig.) A term which comprises 
the whole of the iriechanism called into action in 
order to start the motion of an engine or other 
machine. 

Starting Yalve (Mig.) The valve in a steam 
engine which admits steam from the boiler into the 
steam chest. 

Star Wheel (Eng,) A ratchet wheel with large 
pointed teeth. It is used in various forms of ratchet 
feed, as, for example, on self acting lathes, when 
employed in surfacing (q.v.) 

Stassfurt Deposits (Cheni,) Large deposits of 
common salt and potassium and magnesium salts, 
which occur at Btassfurt, near Magdeburg. They 
have been formed by the evaporation of sea water. 
The potassium and magnesium compounds occur as 
double salts in fairly distinct layers in the order from 
above downwards : — 

(1) Carnal litc (KCl . MgCl/dloO), with kainite 
(KCl . Mg80^3H.,0), kieserite (MgSO^^HaO), schbnite 
(K./?O.MgSOjfiH20), and sylvine (KCl), and a good 
deal or rock salt 

(2) Kieserite (MgRO^ILO), with much rock salt 
and a fail* amount of carnalliic. 

(3) Polyhalite (2CaB0^j.Mg80^.K2S0j2H20), along 
with a very large amount of rock salt. 

(4) Hock salt (NaCl). 

Besides these, certain amounts of boratesand bromides 
occur. These deposits are the principal source of 
potassium compounds for the whole world. To give 
some idea of the scale on which they are worked, 
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it may be mentioned that in 1900 about 16,400 per- 
sons were en^ged in working these salts at Staasfurt 
and the district around. In 1898 the production of 
potassium salts amounted to 2,200,000 metric tons 
(1 metric ton =« 1,000 kilograms « •9842 tons), of 
bromine 500 metric tons, and, in addition to these, 
large quantities of magnesium salts and boric acid. 
(jSee I’oTAssiuM and Magnesium Compounds.) 
Extensive researches on the chemistry of the forma- 
tion of these salts have been made with the aid of 
the I'hasc Rule, but these cannot be given here. JSl^e 
Findlay’s “ Phase Rule.” 

BtaBsfhPtite ( (reol.) A salt found in the Oamalite 
region. It is a massive variety of Boracito Oj.v.) 

State {^ngrar,') When an engraved plate is 
neanng completion, proofs are taken at different stages 
to test its condition. These proofs arc termed proofs 
of the first slate, second state, and so on. When the 
engraving is complcte<l the plate is referred to as 
being in the Final State, PnooF. 

Static Electricity or Electrostatics. The pheno- 
mena associated with charge.s of electricity at rest ; 
the branch of the science of electricity dealing with 
these phenomena. 

Static Fati^ae Elastic fatigue (^.r.), pro- 

duced by a continuous stress. 

Static Friction. See Feictjok, Static. 

Statics. The branch of tiicoretical mechanics 
dealing with forces at rest or in equilibrium. 

Station ( 'Elect. Eng.') A place at which electrical 
machinery or apparatus is maintained and operated ; 
e,g. a Central Station is the main building in 
which the engines an<l dynamos arc placed for the 
supjdy of current to a lighting or power circuit. A 
Transformer Station or Substation contaiius 
transformers {q.v.) for changing tlic voltage for 
distribution. 

{Eng., etc.') (1) A building, etc., in whicli 

some form of central plant is located, e.g. a pumping 
station. (2) A stoppnng place on a railway for 
taking up or setting down pa>scngers or goods, for 
shunting, making up trains, etc. 

{Mining), A recess in a mine to firovide a 

space in which cans can one another. 

{Survey, etc.) A point from which measure- 
ments by distances or angles arc made. 

Stationary Engine {Eug.) An engine mounted 
on a fixed bedplate. 

Stationary Points (Astron.) Points in a planet’s 
appai'ent path where, as seen from the earth, the 
planet appears stationary or is moving in a direction 
either towards or away from the earth. 

Stationary Waves. Periodic di.splacement'^ 
occurring in a medium between successive points, 
termed the Nodbh, which remain permanently’ at 
rest. They are produced wlien two trains of equal 
and similar waves travel through the mo<lium with 
equal velocities, but in opposite directions. Tlw 
ordinary ’vibrations of a stretched string furnish an 
example. 

Stator {Elect. Eng.) The stationary part of a 
polyphase motor carrying the winding.s tlirough 
which tlio i)rimary current flows. Cf. RoTuR, and 
see Motors, Electric. 

Statuary Marble* Sec Marble, Statuary. 

Statue. A plastic work ii> marble, bronze, wowl, 


or other material, representing a hnman or animal 
figure. Cf, Statuette. 

StatuOy MoRumental. A recumbent figure on a 
slab covering a mediaeval tomb. 

Statuette. A statue {q.v.) the dimensions of which 
are generally less than l^f life size. 

Staunch {Eng.) A joint in a boiler, etc., is said 
to be staunch when it is watertight. 

Staurolite {Min,) An iron aluminium silicate, 
JTjO.EFeO, fiAljO,. 48102; silica » 29*3, alumina « 
53*9, ferric oxide » 1 7*2 per cent. Orthorhombic, often 
in cruciform twins, whence the name Staurolite. 
Colour brown to black. It is found in some meta- 
morphic rocks, as the slates of Devon and Cornwall. 
Also in Co. Dublin and Co. Wicklow ; in Aberdeen- 
shire; Switzerland, the United States, etc. 

Stave {Eng.) A rod projecting from a large piece 
of iron. The iron is manipulated by means of the 
stave during forging operations. 

or Staff {Music). A set of horizontal and 

parallel line.s with equal spaces between. Upon the 
lines and between the spaces the notes and re.sts are 
placed. Each line and each space is called a degree, 
the degrees being reckoned from the bottom up\vards. 
The piesent staves are derived from a stave of eleven 
lines called the Cl rand or (Sreat Stave, the lines and 
Spaces of which were as follows : 

Grakd Stave. 


JL 


G- 


— 

The ditticulty of residing from so great a number of 
lines brniight about a division of the (Irand Sla\c 
into smaller staves, ns required, the number of line.s 
of which have vari<*d fn)m time to time. Old njanu- 
script book.s often have slaves of six lines, the 
lines of wliich correspond to the present Treble fc>ta co 
(see below), with middle C line (the sixth line of 
the Orand Hlave) added Iw'low. J*lain 8<mg i.s still 
written on a stave of four lines. {jSlec Modes.) The 
stave of five lines is now used for all kinds of music 
except riiiin song. The splitting up of the (Imnd 
Stave into smaller staves required signs emailed clefs 
{q,r.) to indicate which set of lines had been taken 
from the eleven. TJicso clefs appear to move in the 
different staves ; but in reality this is not the case. 
The clef is stationary, but the lines chosen from the 
Grand Btave vary. The following show the different 
staves, and which linos of the Grand Stave were 
selected for each : 

1, The Bars Stave. 

(LinetJ 1. 2. 8. 4. 5.) 


Lines O. B. I>. F. A. 
Spaces A. C. E. il. 

8. The Temok Siavk. 

tunes 3. 4. r.. «. 7.) 

-O- 


Lines D. F. A. C. B. 
Spaces E. Q. B. D. 


2. The Bauitoke Stave, 
(Lines 2. 8. 4. &. 6.) 

-O- 

lines B. D. F. A. C. 
Spaces 0. E. 0. B. 

The Alto, G)Un'Tek Tcnor 
(or COXTRA LTO) Sta \ K. « 

(Lines 4. b. 6. 7. 8.) 


’ Lines P. A. C. E. G. 
BjHioes G. B. D. F. 
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ft. Tub Mbbzo-Soprano State. 0. The Soprano Stave. 
(Linw 5. 6. 7. 6. 9.) (Lines 0. 7. 8. 0. 10.) 



Lines A. D. B. G. B. lines C. E. G. B. P.) 

Spaces D. D. F. A. Spaces D. F. A. C. 

7. The Fiddle op Treble Stave. 

(Lines 7. 8. 0. 10. 11.) 

Lines E. G. B. P. F. 

Stmces F. A. G. B. 

The note shown on each stave is Middle 0, i.€. the 
6 tJi line of the Great Stave. Of these seven staves 
Nos. 2 and 5 are obsolete, and Nos. 3, 4, and G 
unfortunately arc rapidly disappearing. This, in 
the case of the Tenor and Alto staves, is to be 
greatly regretted, for music for these voices can 
readily be written at the proper pitch on their 
respective staves, whereas with the modern notation. 
r./‘. employing the Treble stave for the Tenor and 
even lor Bass songs, the notes, of course, are an 
<»ctave higher tl»an they are sung. Score.) 

When the compass of a piece exceeds that which 
can he written on the stave, short lines called Legei* 
lines (fj r.) are added above or IkjIow the stave. 
With the exception of those above the Treble or 
below the Bass, these legcr lines arc simply other lines 
borrowed from the Great Stave. Hence, the first legcr 
line above the Bass stave C is the same as the first 
legcr line below the treble stave C\ and is known as 
Middle (' (r/J\) It is unusual to use many legcr 
lines, but when the note or notes arc exceptionally 
high c/i* low, tlie notes are written respectively an 
octave lower and the sign Hve . . . added as an indica- 
tion timt they are to be x>erformed an octave higher 
than written; or the notes are written an octave 
higher and 8 va bassa , . . added as au indication that 
they arc to be iicrformcd an octave lower than written. 

Loco. 

Stay ( A bar used to strengthen or stiffen a 
structure, iSt’c nlso STRUT and Tie Hod. 

Stayed Link Chain (AX 7 .) A heavy chain in 
which eacdi link is strengthened by a bar welded to 
the link, 'giving the hitter the form of the Greek 
letter 0, 

Staying BuUd., etc.) strengthening any 

object by the addition of stay.-* ; boilers, iron roofs, 
and all large engineering structures supply abundant 
examples. 

Stay Tap {Eng.') A long Tap (</.r.) used in 
screwing holes in the shells of boilers for the reception 
of the end.s of stays. 

Stay Tabes {Eng.) A boiler tube {f^ec Boilers) 
which scrve.s to stiffon the shell of the boiler in 
addition to its functhm as a tube. 

St« Bees Sandstone ( (reol.) A local development 
of the Hunter Series of the Trias or Upper Now Bed, 
oocuning chiefly in Arran, Ayrshire, Dumfriesshire, 
(Cumberland, and Westmorland. Jt is well seen at 
8 t. Beefr, on the Cumberland Coast, near Whitehaven, 
where, however, only its lowe.**! third I'emains. The 
full thickness is to be seen only in Arran and near 
Ousby in Cumberland, where it amounts to 2000 ft. 
In the noith-west of England it U underlaid by the 
Bunter Mails, in which the gypsum quarries are 


worked; and it is overlain there by the Keaper 
Marls, which arc about 900 feet in thicknw. 

Steady or Back Rest (Eng.) A support used to 
prevent bonding of a long piece of work which is 
being turned in the lathe. 

Steadying Bands {Cotton Sjnnning). Check bands 
on a mule for keeping the carriage “ square ” when 
running out. 

Steady Pin {Eng..^ etc.) A dowell ($'.«?.) or pro- 
jecting pin which prevents the relative motion of 
two parts of an object. 

Steam. — ^The vapour of water, usually applied to 
the hot vapour given off at the boiling point (212® F. 
or higher). True steam is invisible, the white cloud 
often termed steam being really a collection of fine 
drops of water formed by condensation. If water 
be allowed to evaporate into any closed space, the 
process will go on up to a certain point, beyond 
which no more vapour will be formed unless the 
temperature bo raised, or the x>ressure lowered by 
allowing some of the steam to escape. The steam is 
then said to be Saturated. Saturated steam can 
have but one temperature corresponding to any 
given pressure; but if the steam be removed from 
contact with the water, its temperature may be 
raised just as that of any other gas may be; the 
steam is then said to bo Superheated. The relation 
of the pressure and temperature of saturated steam 
is thus given by Ewing : — 

Teni|>eratnre Pressure 

(Fahrc-nheit). (lb. per sfi. iu.). 

212'“' . . 14-7 

230® . . 20*8 

27G® . . 45-5 

302’ . . 69-2 

347® . . 129'8 

401® . . . 250-3 

By i^lotting a curve with these numbers for abscissae 
and ordinates, the pressure of saturated steam for 
any intermediate temperature can be readily found. 
The Total Heat of steam is the amount of heat re- 
<iuired to raise 1 lb. of water from the freezing x^oint 
(32® F.) to its boiliDg i>oint, and then to evaporate 
it under constant pressure. If t be tlie temperature 
of evaporation (or boiling point) then H, the total 
heat, is given b) the equation 

II = 1001*7 + *305 {t - 32*). 

Saturated steam may bo mixed with a certain 
quantity of water, usually in the form of susi^ended 
drops : it is then termed Wet Steam. 

Steam Boiler {Eng.) See Boiler. 

Steam Brake (Eng.) A form of brake used on 
locomotives, in which the mccliaiiism for applying 
tbe brake block is worked by a cylinder and piston 
.supplied with steam from the boiler. 

Steam Chest (Eng.) (1) A Valve Box or Chest 
(g.v.) (2) A recept acle on the top of a boiler in which 

steam can colled, and from which the steam 
leading to the cylinder runs. 

Steam Coal (Eng.) Coal suitable for use iu 
boilers. The best form is Anthracite. See Coal. 

Steam Cock (Eng.) In general any tap used for 
controlling a supply of steam, especially a tap or 
cook opening into a boiler above the water line. 
It ser^-es to show-, when opened, whether the boiler 
contains too much water. 

Steam Coil {Build., etc.) A coil of pipe through 
which a current of steam flows; used in heating 
buildings, etc., by steam. 
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Steam Corner ( Eiig . ) The corner of an In dig atob 
Diagram (^.»0 which shows the end of the process 
of exhaustion of the steam and the commencement 
of the admission of fresh steam. 

Steam Distination (Chem,) aSu* Distillation. 

Steam Dome A Steam Chest (^.r.) on 

top of a boiler. 

Steam Eoonomiser {Eny.) See Uoilebs and 
Economisers. 

Steam Engine* The steam engine is a mechanism 
for obtaining mechanical energy from the heat 


energy given to the steam in the boiler is con- 
verted into mechanical work in the engine, liy far the 
greater portion still rcm;uns in the steam after it has 
}mssed through the engine. The proportion of hc^at 
utilised depends on the thermal elllciency of the 
engine, amounting from 12 to 15 per cent, in goo<i 
condensing engines; in the very best engines of 
large size it may be as high as 20 per cent. The 
conversion of energy is effected by admitting a 
quantity of stemm into the engine cylinder and 
allowing it to expand, the expansion causing the 
pi.^ton to be pushed forward. The displacement, 
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energy stored up in steam. This heat energy is 
derived from the c^>mbu^tu)n of fuel in the boiler 
lire, and its presence in the steam accounts for the 
physical change which the water in the boiler has 
undergone during the process known as evaporation. 
The gleam is produced from water at a poressurc 
considerably ah^ve that of the atmosphere, and is 
delivered to the engine with as little loss of pressure 
and heat as possible. The higher the pressure of the 
steam, the greater will be the amount of heat avail- 
able» fa a given weight of steam, for conversion into 
meobaaicai energy. Only a f rstotion of the total heat 


or stroke, of the piston is limited to a fixeif length 
by the crank; and at the cud of the stroke the 
space occupiefl by the steam will be from twice 
to four times the original volume, or even more. 
During expansion both the pressure and temi>erature 
of the st^*am are lowered, and the heat energy is 
reduced by an amount equivalent to the work done by 
the hleam in pushiug the piston and the mechanism 
attached to it through the distance represented by 
tlie stroke. This process is repeated at each sucocs- 
siva stroke of the engine, so tlmt the supply of steam 
passing through the engine approximates to a steady 




flow. The engine consista o£ a hollow Cylikbeb a 
iiee figs. 1 and 2), closed at both ends ; inside it ts the 
Piston b, a slidii^ partition which fits the bore of 
the ^linder sufiSoiently closely to prevent tlie steam 
leaking past it, but having sufficient freedom to allow 
it to move from end to end of the cylinder with as 
little friction as possible. This is effected by the 
Piston Bings c, which are made slightly larger in 
diameter than the cylinder bore, but have a sufficient 
portion of their circumference cut away to allow of 
their being sprung into the cylinder. Passages, or 
l*OBTS, DD, are provided nt the ends of the cylinder, 
by which the steam can enter or leave. These ports 
are opened and closed by the Slide Valve b, the 
movement of which is actuated by the piston in the 
manner described below. The Piston Hod f, which 
is rigidly attached to tl»e piston, is of circular section, 
and has its centre line concentric with the piston 
and cylinder. It passes out tlirongh one end of the 
cylinder, and is somewhat longer than 11 lo latter, so 
that a portion of its length is always outside the 
cylinder. By this means the connection is made 
between the ])iston and the external moving parts of 
the engine. Tlic hole in the cylinder end, through 
which the rod projects, is made steam-tight by the 
<tLand G, which fits round the rod closely, at the 
same time producing as little fricti<»n as possible. 
I’lie external end of lln‘ rod is rigidly attached to 
the CaassiiEAD h, n Idock sliding on the Facing j, 
to which it is held by (lUIDES K K, the arrangement 
serving to keep the axis of the i»iston and piston rod 
in line with that of the cylindcT. If the engine is 
intended to produce rotary motion, the crosshead has 
a Connecting Kod l attached to it by means of the 
Cbosshead Pin m. This pin passes through the 
end of the connecting rod and the centre of thccrosj^- 
hcad, forming a joint, so that the rod is free to 
follow the movements of the Crank n, to which 
the oihcr end of it is attache<l. A bearing o is 
provided at the crank end of the connecting rod, in 
which tlic (’RANK Pin p rotates as the Crank 
Shaft q roolves. The crank pin, Crank Cheeks 
HR, and shaft all form one ligid piece, which is 
carried in the Crank Shaft Bbabings bs, placed 
as near to the crank as possible. Cu the shaft, 
close to one 'of the bearings, is fixed the Ecgbntbic 
T, which actuates the Slide Valve e by means of 
the Eccentric Rod v and Valve Rod w. The 
valve rod passes through a Gland g into the Valve 
Chest x, and is rigidly attached to the valve. 
The latter (shown in the form known as the Piston 
Slide Valve) fits the Linebs 1 1 much in the same 
way as the piston fits the (cylinder. It, however, 
fits only along tlie two end portions of its surface, 
the intermediate portion being recessed to a smaller 
diameter, in order that the annular space thus formed 
may serve as a passage for steam in certain positions 
of the valve. Y is the Steam Inlet 1’ipb, and from 
it, when the valve is in the right position, steam can 
enter the top portion of the cylinder o by means of 
the annular space d, which is formed between the 
liner I and th^ middle portion of the \’alve body, 
thence through the hole a in the liner and along the 
port D. The admission of steam into the bottom 
portion of the cylinder, on the upstroke, is similar, 
z is the Exhattst Pipe, by which the steam on 
leaving the cylinder passes away to the condenser or 
escapes into the atmosphere. Prom the upper port d, 
its passage is by means of the hole a to the top 
part of the valve chest c, thence through the hollow 
portion of the valve body into the lower part of 
the chest and out at z. From the bottom port 


the steam passes through the hole in the liner 
direct into the lower part of the valve chest 
and out at z. The action of the engine is as 
follows : When the piston is at the top of its stroke, 
the position of the valve is such that Admission of 
steam takes place from the body of the valve chest 
to the space e, and the pressure of the steam tends 
to force the piston downwards. If the engine shown 
in figs. 1 and 2 were at a standstill, with the piston 
I at the top of its stroke, no movement would take 
place, as the crank is on the Dead Centre (g,v.) 
The engine must be assumed to be already in motion. 
During the downwaj d movement of the piston, steam 
continues to flow into the top of the cylinder till a 
certain fraction of the stroke is reached, when the 
valve closes the hole and the supply of steam is 
Cut Off. The imprisoned volume of steam then 
begins to expand, i)ushing the piston farther down- 
wards, thouglj with continually diminishing pressure, 
till its stroke is nearly completed, when the valve 
oj)ens the top port i) to the exhaust. Just before 
the piston comes to the end of its stioke, the lower 
X>ort D is opened to steam by the valve, and the some 
process is repeated in the bottom portion of the 
cylinder during the upstroke. Wliilc the greater 
portion* of the upstroke is taking place the top 
pt)rt remains open, and the steam continnes to 
Exhaust until the piston is near the top of its 
stroke, when the valve closes the port again. The 
imprisoned steam is then compressed during the 
i-eniainder of the stroke, it.s pressure at the same 
time continually rising. This Compression produces 
a cushioning effect, which assists the reversal of the 
motion of tlie piston, and also tends to improve the 
; thermal efficiency of the engine by reducing clear- 
j ance lo.sses and initial condensation. As the piston 
j gets to the top of its stroke the valve again opens 
and admits steam above it, and the wliolo process of 
admission, cut off, exhaust, and compression is re- 
peated. 

There are many different types of engines, the 
! jjariicular design depending generally on the class of 
work fur w'hiob the engine is intended; but distinct 
types are often employed for the same kind of work. 
For the purpose of dealing with the chief points 
of difference the following several classifications are 
employed : 

T. Condensing and Non-Condensing. 

II. Simple. Comjiound, and Multii)le Expansion. 

III. High Speed and Slow Speed. 

IV. Vertical, Horizontal, Bearn, Rotary, etc. 

V. Marine, Locomotive, Electric Generating, 
Pumping, Mill Driving, Winding, etc. 

I. Condtnshiff and Kon-Ctmdenmng JCnginrs. — A 
Condensing Engine is one in which the steam, 
on leaving tlie cylinder, exhausts into a condenser, 
where the pressuie is maintained as much below 
that of the atmosi*hcre as po.'^^iblc. By this means 
the back pressure, i.e. the retarding pressure on the 
other side of the ])iston, is reduced, and it is possible 
to have a higher degree of expansion in the cylinder, 
and so to convert a larger fraction of the heat energy 
contained in the steam into mechanical w^ork, than 
is the case w ith the Non-Condenping Engine. The 
latter eimply exhausts its steam into the atmosphere, 
and can, therefore, only have the expan':ion cajrried 
to a pressure slightly above thrA of the atmosphere. 

II. Simple £^iffineej Compound and Mvitiple Eb- 
pansion tlnginee . — In the engine shown in figs. 1 
and 2, and described above, the whole expansion of 
the steam takes place in one cylinder. The amount 
of expansion or number of expansions*' is the 
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ratio of tbe volnme occupied by the steam at 
the beginning of the exhaust, to that occupied at 
the moment of cut off ; and it would at first sight 
appear that this is only limited by the relative 
amounts of the pressure of the steam supplied to 
the engine, and the x>i^essure of the atmosphere or 
condenser into which it exhausts and that the best 
results would be obtained when Uie ratio of expan- 
sion was as near to this limit as possible. It is 
found, however, tliat beyond a certain point the 
gain by increased expansion is more than counter- 
balanced by other losses, both mechanical and 
thermodynamic, which are intro- 
duced, and also by the increase<l 
size and cost of the engine. By 
allowing the steam, after ex- 
hausting from one cylinder, to ex- 
pand further in a second cylinder, 
both pistons being connected to 
the same shaft, the ratio of 
expansion giving the best economy 
is considciubly increased, and witli 
it the thermal eflicieuo}" of tlio 
engine. An engine with two 
cylinders arranged in this way 
i.s called a Compound Enoine 
(see figs. 5, 7, etc.), while an 
engine in which the expansion 
is completed in one cylinder is 
called a Simple Engine (see figs, a, 4, 10, etc.) 
The expansion may be still further increased with 
advantage in largo condensing engines by employ, 
iiig three cylinders, in each of which succossive 
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stages of the expansion take place. An engine 
of this sort is known as a Tkiple ExPv\nsion j 
Engine (aer fig. fi). Quadruple Expansion ! 



Engines, in which there are four cylinders, each 
forniing a separate stage of the expansion, are also 
built, chiefly for the largest class of marine work. 

JIE JTi{/h and Slow Sj}eed Engines , — This cla-ssifl- 
cation is a rather indedinite one; the size of an 
engine must be taken into consideration as well as 


the actual speed in determining which of these 
classes it belongs to. Up to 70 or 80 double strokes 
per minute would be considered a slow speed in a 
small engine, while in one of very large size it 
would bo considered high. The engines of torpedo- 
boat destroyers, and some of the smaller engines 
for driving electric generators, run at as many as 
400 to 600 revolutions per minute, and are considered 
very high speed. Large pumping engines only make 
from 20 to 40 double strokes per minute, and are 
probably the slowest type of engine built. 

IV. VertieaU Hariz-o7itnl, Beanie Bcftary^ and Other 
Bngines, — Engines are classed as Veutioal or 
Horizontal according as the axes of their cylindei*8 
are vertical or liorizontal (see figs. 3 and 4\ Some 
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engines have one cylinder vertical and the other 
horizontal, as shown in lig. 9. Beam Engines may 


m 



Combined Vkutical and Uorizontai. E.voini;. 

have either vertical or horizontal cylinders. The 
pistons and driven rnijc-hanism are connected to the 
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ends of a large beam, supported by a shaft passing 
through its midpoint. When the engine is a vertical 
one the l)eam is straight, as shown in fig. 9; and 
when horizontal the beam is made in the form of 
a bell crank) as shown in fig. 10, The straight 
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beam the more usual typo, but b(jth arc now 
nearly oU^olete. The llECv/rinBHOOD E^GIKE con- 
sists of three cylinders ijhiccd with their axes at 
120'^ to one another, as shown in llg. 11, all three 
connecling ro<ls being conjdcd to a common crank 
pin. Tlic pistons are single acting, i.f. the steam 
is admitted to one side only, 
and the Ijody of each lustoii is 
lengtlicncd out, so that no 
crosshcad or piston rod is ^ 
required. The cylinders of 
botli horizontal and vertical 
engines are often placed one 
behind the other with their 
axes in line, so that a comnion 
])iBtan rod serves for both. An 
iiiTanueiiient of this s<)rt is _ 
kiicwu as a Tandkm Engine 

fig. 7), as distinguished from the Sli)E-BY-SlDE 
type, shown in lig. 5. A Kotaky ENGI^”E is one in 
whicli 11 e motion of the piston is rotary, instead of 
taking y>lauc in a straight line ; but the term is some- 
times applied also to all engines producing rotary 
rntdion. There are a good many types of this class, 
but they arc not used to any great extent for 
Ijraotieai purposes. The 
general princijdc of the 
rotary engine is shown 
in fig. 12. A modifica- 
tion of this class is the 
ypiiERiOAL Engine. 

V. J/c7rt/u\ Jau'ovio-’ 
tirc^ Ji}h‘e*ric Gmcrat- 
i iiff, mp i tiff , Mi ll 
I)Tlvin<j^ UV/nii/i//, and 
Other Jil'nflineit. — In 
many cases distinct 
types of engines have 
been developed to jwr- 
form imrticular duties 
or to work in special 
positions. Mabine En- 
gines arc probably the 
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most namerous class, and are built in dized far 
exceeding those of any other type. They are oou« 
densing engines, and are either compound, triple, 
or quadruple expansion. For driving screw vessels 
the vertical type is used, with the cylinders above 
the shaft. For small paddle steamers the cylinders 
are usually below the shaft, and, as the height 
of the latter above the bottom of the boat is 
limited, the cylinders are fixed on trunnions, which 
allow them to oscillate and follow the movement of 
the crank, thereby dispensing with crossheads and 
connecting rods. In large paddle boats the cylinders 
are fixed at an angle to the horizontal, crossheads 
and connecting rods being used. This is known as 
the Diagonal type. Locomotive Engines are, 
from the nature of their work, always horizontal and 
nun-condensing. They consist of two or moro 
cylinders, Ihe cranks being placed at right angles 
for two cylinders in order that the engine may be 
able to start in any iiosition of the cranks. A con- 
siderable number of locomotives are built with 
compound engines. Engines fob Driving Electric 
G'eneratobs arc of many different types. Ju largo 
sizes they are compound or triple expansion, and, 
where possible, arc condensing engines. Both hori- 
zon tal* and \ertical engines arc used, but the latter 
t 3 pc is becoming llie more common of the two. It.s 
advantage lies in the saving of floor space, owing to 
the smaller area ocoin)icd and the fact that, on 
account of the higher speed at which it can be run, 
the engine sh.'xfl tsan be coupled direct to that of the 
generator, instead of requiring a rope or belt drive, 
as is the case with horizontal engines. Dumping 
Engines of recent design are arranged t ) dritc 
direct, i e. the piston rod 
of the engine is in 
line with and rigidly 
attached to that of the 
pump (^sec Fig. 13). 

V'ery often a flywheel 
is attiichc'd, by mciuis of j„.,ku enoisi.. 

a connecting rod or rods, 

to a crosshead fixed at some convenient point on 
the j)iston rod. Both vertical and horizontal engines 
are empltjycd for jmmping. In tbe older types, 
Iwara engines, with eitber straight or quadrant beams, 
were used. For Mill Driving, compound or triple 
exjiansion engines are employed, and are almost 
.always condensing. The liorizontal type is most 
largely used for this class of work, althotsgh vertical 
C7igines and, in a good many instances, beam 
engine.^, arc also employed. Winding Engines are 
used for lifting coal gr other minerals to tb.o 
surface, anti arc always horizontal. In a few recent 
instances they are arranged to work condensing, but 
the usual type is iioii-coiiclensing. 1'andcm compound 
engines arc sometimes employed for the heaviest 
class of winding. Except in very old engines, all .•sizes 
arc builT witli two cylinders or sots of cylinders 
arranged one on each side of the winding drum, 
the cranks being fixed at right angles. — W. B. 8. 

Steam Engine Indicator (AV/^.) See Indicator 

Diagrams. 

Steam Gauge An instrument for measuring 

the pressure of steam. In the most usual form 
steam is adraif.ted into a lube of elliptical section, 
clo.'icd at one end and bent into a circle; this tube 
tends to straighten out under the action of the 
pressure inside, and a certain amount of movement 
of the end of the lube is produced. This movement 
is transmitted to an indicating lever or arm, by 
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which it is magnified; the free end of the arm 
moves over a dial whose divisions show the actual 
pressure of the steam inside the bent tube. 

Steam Harnmer {Eng.) This consists essentially 
of -a heavy mass of iron or steel, moving in vertical 
guides and raised by means of a rod and piston 
working in a steam cylinder placed vertically above 
the guides. The hammer is raised by means of steam 
admitted to the cylinder, and either falls by its own 
weight, or else the force of the blow is modified by 
admitting steam above or below tlic piston. So 
perfect is the control which a skilled man can exert 
over a steam hammer that a nut can he cracked on 
the anvil without injury to the kernel. Steam 
hammers are used in all heavy forging operations. 

Steam Hammer Type {Eng.) An engine of the 
marine type, in which the framework resembles the 
form of a steam hammer. See Stkam Engines. 

Steaming (£> 1 / 7 .) (1) Getting up steam in a Indler. 
(2) As applied to a steamship, propelled hy its (»wn 
engines. (3) In general language, giving off steam or 
vapour. 

— {Textile Manvfae.) I'rocess of blowing the 
cloth with steam after pressing, to take off the 
excessive gloss or glaze. 

Steam Jacket ( Eng.) A hollow casing round the 
cylinder of an engine. The .‘^paoe between tlie 
cylinder and the jacket is kept supjdietl with hot 
steam from the boiler, in order to maintain the 
tem^jeraturo of the cylinder, and thu*^ prevent 
condensation of the steam in^idts the latt<ir. 

Steam Jet {Eng.^ A current of .steam i'^sning 
from ail opening or nozzle. It is ust*d for various 
imrposes ; to supply water vaismr in the pro<luction 
of various kindn of producer gas, to ai<l the 
production i>f draught llirongh the furnace in 
locomotives, to clear noxious gases out of a well 
or shaft, etc. 

Steam Joints {Eng.) .Joints in engines, steam 
pipes, etc., which arc rendered steam-tight by the 
use of suitable packing materials. The material 
used must be one which can be forced by pressure 
into the interstices of the joint, and which will 
not afterwards crack, shrink, nor decompo.^e rapidly. 
Rubber, various fabric-s, and soft metals, such as 
lead or copper wire, are used. 

Steam Lap {Eng.) Sf*€ Slide Valve. 

Steam Line {Eiig.) The upper horizontal part 
of an INDICATOB 1‘IAGKAM which shows the 

entrance of steam at uniform pressure. 

Steam Nozzle (Eng.) The jet by which steam is 
discharged into the chimney of a locomotive, in order 
to increase the draught through the furnace. 

Steam Paua^es (Eng.) The PonT.s of a steam 
cylinder. See Bitam Engine anti Slide V,\lve. 

Steam Pipes (Eag.) The pipes, of iron or copper, 
which lead steam from the boiler to the cylinder of 
an engine. 

Steam Ports (Eng.) Sf*e Steam Engine toid 
Slide Valve. 

Steam PresaiiFe. See Steam. 

Steam Reversing Gear {Eng.) A small subsidiary 
cylinder for actuating the gear which moves the 
.slotted link iu the valve gear of large engines that 
liave to be reversed ; it is chiefly employed in large 
marine engines. 


Steam Sj^e, Steam Room ( Em^g.) The space in 
a boiler which is not occupied by water. Its volume 
varies with the conditions under which steam has to 
be suppiietL 

Steam Tight (Eng:) A joint through which steam 
cannot leak when the material of the pipe, etc., is 
hot, is said to be steam-tight. 

Steam Trap (Eng.) An arrangement for intcr- 
ccjiting water which is carried over from the boiler 
by ste.'im, or which is condcnsoct in the pipes. In 
many forms of trap there is an automatic valve to 
allow the water to escape after a certain quantity has 
accumulated. 

Steam Turbine {Eng.) See Turbine, Bteam. 

Steam Valve {Eng.) Any valve fur controlling 
the ilow of steam, e.g. a Slide Valve {q.e.) 

Steam Whistle. A whistle in which sonorous 
vibrations arc set up b\ a sliarp-cdged sheet or lube 
of metal, on which a jet of live steam impinges. 

Stearic Acid {Chem . ) t ‘H, . (Cn..)„j . COOIl. While 
sliining plates or needles ; melts at ; boils nt 21)1® 
under 100mm. prosMire ; insoluble in water; sparinuiy 
.soluble iu ('old alc(fli(fJ : much more soluble in hot 
alcobol ; solubh' in ether and benzene. Heated with 
phosphorus ])entoxido it gives stearonc 
Occurs as glyceryl ester, tristearin, in many iinlmal 
and vegetable fats and oils. Its sodium .salt is the 
chief constituent of good soap. It i.s made by melting 
and filtering beef or mutton suet, .saponifying the 
suet by boiling witli caustic soda solution ; decom- 
Do.^ing the .soap with hydrochloric acid ; crystalliaiug 
from hot ah^oliol ; the pres.scd crude iioi<l i.s boiled 
with an alcohol .solution of magncniuni acetate, when 
a preeipitatij of magnesium stcaiate fo’ajU'. which is 
decomposed l>y boilinp witli hydiorhlo’ ic acid, and 
the stearic acid so obtained is cry. stal Used from 
alcohol. See So AT. 

Stearin {fthe called 1’ristearin) ( Chem.) One of 
the chief const iluent.s c>f all .solid vegetal)!** and animal 
fats. Eats. It crystallises from etlu r in shining 
lca\<‘s. WJien lu ated it imdt.s first at and und"*r- 
goe.s contract icn, ami on further heating it solidifies, 
and melts again at 72°. Slightly soluhh*. in cold 
alcohol ; more .soluble in hot alcohol ; soluble in 
ether. Pistils uni’hanged under rcsluced jiressure. 
Ordinary stearin always contains tripalmitin. 
J’uia; stearin i.s made from monostearin, 


(from glycerine and stearic acid) by heating it with 
stearic acid in excess at 270°. Stearin Is Largely 
used for making fatty acids in candle making. 

Steatite or Soapstone (Geol.) A hydrou.s mag- 
ncsiau silicate usually occurring in connection with 
bed.s of serfientine which liave undergone dynamic 
metamorpliism. (Chromite, and also Magnetite, are 
not imcomrnonly a.ssocialed with it. Jt may be 
regarded as a massive form of Talc. 

Steel. 1 he chemistry and mcdallnrgy of steel are 
described under IicON ; dciinitums are also given 
under this head of the cliief varieties of steel, and 
of the various processes by which they are prorluced 
{c.g. Open Hearth, Siemkns-Mabtin, and Bes- 
semer rRocESfi). The effect of tlie addition of 
various elements— r 17. manganese, chromium, and 
nickel — is also dealt with. 
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The employment of steel has increased very greatly 
In recent years. Originally its chief use was for cutting 
tools, weapons, springs, etc., where its properties of 
hardening and tempering were essential, and in all 
these respects steel still holds its position. It is in 
the use of CAST Bthbl and Mild Btbhl that the 
greatest progress has been made. Castings are 
largely made from steel produced by the Open 
Hearth Process {nee Ibon), the process differing but 
little from the ordinary method of making iron 
castings. Good steel castings are somewhat more 
difficult to produce than those of iron, and require 
annealing after withdrawal from the mould ; they 
however, possess greater strength. Mild 8teel 
closely approaches wrought iron in composition and 
properties ; like wrought iron, it can be welded, and 
cannot bo hardened nor tempered. It can be used 
for practically all the purposes for which wrought 
iron is usually employed, plates for boilers, ships, 
girders, the production of thin sheets, drums, pipes, 
wire, r«vet^, and for a variety of electrical work. 

Steel CaBtings {Met., He.) See Steel. 

Steel Facing (A’wy.) A layer or plate of steel 
welded on lo tlie iron body of an anvil, hammer, 
etc., to produce a hard external surface. 

Steel, Haryeyised. Sr Iron {Chem.) 

Steeling The operation of facing w'ith 

steel. See STEEL FACINTr. ‘ 

Steel, Mild. S'.e Ikon ( t 'hem, ) 

Steel Ropes {Eng.) Hopes made of thin twisted 
steel wire. See uUo WiBE Hopes. 

Steelyard. A d<*vicc for weighing, consisting of 
a lever of tiie first kind : the object to be weighed is | 
suspetided fioui the .‘<hort nrrn and a small movable | 
weight is along the other arm (which is I 

graduated) till the lever is in equilibrium. The | 
weight is then road off on the gravluated scale. : 


part of an arrow, «.«. without feathers or head, teas 
termed the stele. 

Stemdl or Stencil Plate* (1) A thin plate (nsnaUy 
of metal) having letters or other designs cut through 
it ; by rubbing a brnsh charged with some kin<T of 
thick ink or paint over the plate the design can be 
reproduced on a surface against which the plate is 
held. (2) The letters or designs so produced. 

Stencilling {Deo.) The art of ornamenting by 
means of stencil patterns. Stencilling is usually 
done in distemper, but sometimes in oil colour, by 
means of a stiff brush, the stencil pattern being held 
in position by needle points. Frequently two or 
I more colours are used in a stencil ornament, a 
I different stencil being used for each colour. Daring 
the last few years stencilled friezes on paper and 
various textiles have come largely into use. These 
are prepared by some of the w'allptiper manfacturers, 
and are usually executed in bh-nded colours. The 
stencil jdates being made of heavy copper, their 
weight is sufficient to hold the paper or texile in its 
place while stencilling is executed, A large hnish 
filled with colour is employed, and, being pressed 
heavily* upon the pattern, the colour is left very 
strong. Wi en the brush is raised the colour l>ecomes 
lcs.s well defined. Tortable stencil decorations W’ill 
doubtless remain popular for some consuierable time. 

Btentep {Lace Manvfae.) An ingenious improve- 
ment in the principle of machinery for dressing laco 
curtains whereby it, becomes a continuous process. 
The breadth of lace curtain having undergone the 
' pndiminary processes of colouring and starching, is 
fed into the stenter at one end in its wet state, 
and comes out at the other end thoroughly dried, 
.stiffened, and calenrlcrcd. 

Stenter Feeder. One of the operatives who mani- 
pulate^ the cljps that grasp the selvages of the lace 
curtain as it enters the stenter 


, Danish. -V modified form of steelyard 

in wliicli a eoiij-tant weight is fixed at one end, and 
the fulcrum is movable. 

Bteening, Steining, or Bteaning (Mhiing, etc.) 
Lining Die walls of a shaft or well with brickwork 
or masonry, in order to prevent irruption of the 
surrounding ."oil. 

Bteeple {Arehitect.) The tower of a church, 
together with its .spire or lantern. 

Bteering. (1) Directing ov guiding the motion of 
a vessel or vehicle. (2) Turning a crane, etc., about 
its vertical pivot ; more often termed Slewing 

Steering Gear. (1) Mechaiiism for moving the 
rudder of a .-hix>, the axle or steering wheels of a 
vehicle, etc. (2) The toothed wdieels employed in 
slewing a crane. 

Stele, Stela {Arehitect. and Archepol.) (1) An 
upright stone ; the term generally denotes the Greek 
tmnbstoue, which was usually a vertical slab tapering 
upwards and crowned witii an ornament similar to 
an antefixa, and known as the stele crest, above a 
simple cornice. Btolie were also used for public 
purposes, e.g. for displaying laws and decrees, or as 
boundary marks. They constitute interesting relics 
of Greek and Homan art, being often elaborately 
sculptured, ty. Cippus. (2) The shaft or wooden 


' Step (/w»y.) (1) A Footstep Bearing (^.r.) (2) 

! The difforciice between the radii of consecutive 
I jmlleys funning a stepped or coned pulley. 

Step Faults {(Jcol.) The diblocaiion accom- 
I panyiiig a fault is 
• rarely qu it e si ri > pie 
I in character. More 
i often the disrup- 
j lion is the cumu- 
J lative effect of a 
; number of small 
i faults running 
! piirallel to each 
I other, and having 
a common direc- 
tion of downthrow ; so that their traces, when seen 
in elevation, appear like steps. 

Btephanite {Min.) A silver sulph-aniimonide, 
SAgjjH . Sb.S.j ; silver =68*5, antimony =16*3, sulphur 
ssl(P2 per cent. Orthorhombic^ often massive in 
indefinite masses scattered through the matrix ; 
colour iron black, with metallic lustre. Fronk.many 
silver mines of Central Eurojie in small quantity; 
from Mexico, Peru, etc. 

Steppe CondltionB ( Geol.') Desert conditions (^.r.) 
such as those which occur in the elevated tracts of 
Central Asia. 
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Stepped Flaehind iPlumh.") Lead or zinc cat in 
the form of steps and 
pinned into the joints 
at the angle where a 
roof meets a walL 

Stepped Oearing 

i,Eng.) Toothed wheels 
in which there are two 
or more parallel rows 
of teeth, the teetli in 
the second row being 
slightly in front of those 

in the* first, and so on. A tooth In any one row 
comes into action before the corresponding one in 
the previous row is completely disengaged, and 
thereby tho relative motion of the two wheels is 
made more steady and the stresses less violent than 
in ordinary gearing. 

Stepped BesistaiiGe {Elect.) An electrical resist- 
tance which can be increased or diminished by 
definite amounts at a time; usually composed of a 
number of coils in series, so connected that one, two, 
three, etc., may be included in the circuit at will. 

Stepping Round (Eiig., etc.) Dividing the circum- 
ference of a circle into a number of ef|iial parts, by 
means of dividers or compasses. 

Steps, Balanced ( Ca rj). a7ul Joi n. ) Str 1 ulaxckd 
Steps. 

Step Up Transformer {Elect. Eiuj.) A transfoimor 
in which the induced or secondary E.M.F. is greater 
than the primary K.'M.V. iSee Teanspohmebs, 

fitere* See Weights and Measukks. 

Stereo {PriiU.) An abbreviation of the wonl 
Btebeotype (/y.r.) 

Stereochemistry. As chemical formulm arc 
ordinarily written, it would appear as if all the atoms 
which go to form the molecule of a cjomjiound are 
an one plane. This is probably never the case. Con- 
sicler the compound methylene chloride (CHjCT.) ; if 
all the atoms lie in one plane, we should have two 
compounds cf this formula, 

H Cl 

I I 

II-C-CI and II-C-JI, 


whereas only one compound is known. That only 
one c'omi)ound of the formula CH.,Clj exists is ac- 
counted for by assuming that the carbon atom 
occupies the centre of a regular tetrahedron, while 
tho ^ur atoms in union with it are attached at the 
angular points. The same assumption is made to 
explain the optical belia\iour of compounds which 
contain an asymmetric carbon atom {$ee Asymmetric 
Carbon Atom); and a similar assumption is made 
to explain the optical behaviour of certain selenium, 
sulphur, and tin compounds. See the respective ele-.. 
ments. The determination of the arrangement of 
the atoms of a molecule in space and the solution 
of certain problems arising out of this is called 
Stereochemistry. One important problem of Stereo- 
chemistry is that of Stereoisomerism (^.v.) The 
other problems relate to the influence which the 
space-arrangement of the various atoms or groups in 
a molecule exercises on the course of reactions. A 
few examples are added. Let a series of tetrahedia 
be joined together in such a way that the centres of 
the first and second are in a straight line, the centres 



of the second and third in a straight line, and so on ; 
then it will be found that of all the tetrahedra up to 
five the angular points of tho first and fifth are 
nearest together, and if a sixth tetrahedron is added, 
its free angular points will be nearer to those of the 
first one than any of the others, except the fifth. 
CoiTesponding to this is the ease of formation and 
stability of five and six carbon atom ring com^iounds. 
Thus, on distilling the sodium salts the homo- 
logues of the oxalic acid scries, the first member to 
gi\e a ring compound, molecule for molecule is 
adi])ic acid. 

. cooNa ^cn,. CO 

CH, “ =-Cll., 1 +CO(ONa);j. 

CH,.COOXa . CH, 

Ketopeiitaiiiethylei)«. 


rimelic acid gives ketohexamethylenc. 

^CIIj-CHj.COOXa 

= 

'--^CH..-CH,.COONa 

OH. >CO-HCO(ONa>. 

In the same way the easy formation of •>- and 5- 
Jacloiies m.-iy bo explained. 

In the convtTfiioii of tho following acids 
IT H CJJ, Gil, 


ii-c-ii 11-c-cii, n-G-ciT, 


COOII 


C^OOH 


COOU 


COOII 


into esters there is u diminution in the speed of the 
reaction from l^ft to right, a(^€4ic acid forming nn 
ester at a higher rate than propionic, etr. This Ls to 
be attributed to the fact that the space round the 
carboxyl group is loss filled in the case of acetic aci<l 
iljan in that of propirmic acid, and so on ; aiul there- 
fore the entrance of the alkyl group is more and 
more difficult as tve proceed from acetic, to trimethyl- 
acetic acid. Again, triphenylacctic acid esterilies 
much more slowly than dipLenylacotic acid. In tho 
benzene scries the ortho-vKisitions play the same part 
as the a-position in the above scries of acids, as is 
shown by the following example : — 

Sviametrical tribrombenzoic acid, 

Br 

Br ^ ^ COOII, gives no ester. 

Br 

Svmmetricjil tribroni].)lienylacetic acid, 

Br 

Br ^ ^ CIIgCOOH, gives 99 i^ei cent, ester. 

Just 08 ester formation is retarded, so also is the 
process of liy'drolysis. An example of this kind is 
given under Nitriles (q.v.) Nitrogen compounds 
furnish good examples of this stcric hindrance to 
leactiori : aniline is a weak base, but forms many 
salts; diphenylaminc fornts very few salts ; triphenyl- 
amine forms no salts; tetraphenylammonium com- 
pounds do not exist. The following example clearly 
shows that the addition of alkyl iodide cannot take 
place for want of space in bcnzyldiphenylamiuo ; — 
CeUi 

N — will not combine with methyl iodide. 
Dnu^ldiplisnylaiaine. 
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ll— combines \rith difficulty with methyl 
I iodide. 

DilieiS^ianUltte. 

CH,C,H6 


power of the one half of the molecule is compensated 
the lievorotatory power of the other half of the 
molecule. This kind of com|>oaiid is said to be 
inactive by internal compensation ; it is also called 
a meso-oompound. An example of each of these two 
classes of two asymmetric carbon atom compounds 
is given : 


N — combines readily with methyl iodide. 
Tribeocylamine. 

See alee under Semidinb Tbanbfobmation. 

Btereofraphy Tbo art of drawing solid 

bodies on a ^nc surface : perspective. 

Btereoisomeriam (^Chem.) Isomerism caused by a 
difiEerence in the arrangement in space only, of the 
same atoms or groups of atoms in a molecule, their 
mode of union remaining the same. The compounds 
CH.,C1 CH, 

1 and I 

CH,C1 CITCI 2 

Etbyl«n« chloride. Ethylidene chloride, 

arc isomeric, but not stereoisomeric, because the 
mode of union of the chlonnc atoms is not the same, 
there being one united to each carbon atom in 
ethylene chloride and two united to the same carbon 
atom in etlivlidcne chloride. The two forms of 
CILCOOH 


malic acid, H—C*— COOIl namely, dextrorotatory 


and laevorotatory, arc stereoisomers, because in both 
we have tlic same atoms and groups of atoms . 
similarly combined, but there is a difference in the 
space arrangement of the four groups attached to j 
the carbon atom marked *. The elements which 
form stereoisomeric compounds arc carbon, sulphur, 
selenium, tin, nitrogen; the explanation of this 
property in tlie case of carbon is given by the theory 
of the asymmetric carbon atom. See Asymmetric 
Carbon Atom. A similar explanation is given for 
sulphur, selenium and tin, but no generally accepted 
explanation for nitrogen has been offered yet. Ex- 
amples of compounds containing one asymmetric 
carbon atom are : lactic acid, mandelic acid, amyl 
alcohol, malic acid, pinene, leucine. Str all these. 
For sulphur, selenium, tin, see nnder the respective 
elements. When there is only one asymmetric atom 
in a compound, the latter is known in three forms, 
namely, the dextrorotatory fonn, the Imvorotatory 
form, and an optically inactive form obtained by 
mixing equal quantities of the dextro- and laevo- 
forms. When there are two asymmetric carbon 
atoms in a compound, more than three forms can 
exist ; denoting the two carbon atoms by A and B 
and the dextro arrangement of A by + A, the Imvo 
arrangement by —A, and similarly for B we have 
the following forms : 

+ A +A —A —A 

+ B -B +B -B 

without counting racemic forms, of which there will 
be two. Suppose the same groups are attached to 
each carbon atom, then we have : 

+ A +A -A -A 

+ A —A + A — ‘ B 

In this case there are three forms only, not counting 
the single racemic form, because the two middle 

arrangements are identical. The arrangement 
is optically inactive because the dextrorotatory 


enpH COOH 

H— i— on ti— OH 

II_C_OH H— i— OH 

CHO 6oon ’ 

A four carbon-atom sugar. Tartaric acid. 

The tetrahedral formula for tartaric acid may be 
written 


COOH 



COOH 


To decide which form of tartaric acid is represented 
by the diagram, let a x>hine be drawn through the 
common angular point and pamllel to the opposite 
faces of the tetrahedra ; then if tho plane divide the 
figure symmetrically the compound is inactive ; thus 
the above figure represents mesotartaric acid. By 
interchanging any two groups in the upper tetra- 
hedron we get 


COOH 



which is laevotartaric acid if the upper tetrahedron 
in the first formula was dextrorotatory ; similarly, 
if any two groups in the lower tetrahedron in tho 
first formula (assuming the upper one to be dextro- 
rotatory) were interclianged, we should have 


COOH 
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which would be dextrotartario acid. Instead of 
drawing tetrahedra we may r^resent the fonnuls 
of these compounds by supposing the groups to be 
projected on to the plane of the paper, and this is 
commonly done to save space. Thus we may repre* 
sent the tartaric acids as lollows : 


COOH 

H— i— OH 

I 

HO— C— H 

I 

COOH 

Dextrotaitanc acid. 


coon 

HO— 1:— H 
H— i— OH 

dooH 

LtevotartaTlu acid. 


COOH 

I 

H— C-.OII 
H— C-OH 

oon 

HesoUrtaric acid. 


Racemic tartaric acid, commonly called racemic acid, 
is formed from equal quantities of the dextro- and 
laevo-acids. The five and six carbon atom sugars 
furnish examples of carbon compounds which con- 
tain more than two asymmetric carbon atoms. 
When equal quantities of dextro- and laevo-modifi- 
cations of the same substance arc mixed, the result- 
ing inactive i)roduct may, in the case of solids, bo 
a mere mixture of the two substances, or mixed 
crj'stals may be obtaine*d, or chemical union may 
occur, and a true racemic compound bo formed. 
Chemical reaction will not distinguish between the 
three ca.scs ; they are distinguished by their behaviour 
on melting and solution. The inactive mixture will 
melt below either of its components or any other 
mixture them, and advlilion of either component 
to it will raise its melting ])oint ; the racemic com- 
pound will have a melting point either above or below 
that of its components, but addition of either com- 
ponent will lower it till a cortiaiu excess is added, 
when it wdll raise the melting point. Jn the case of 
the inactive mixed cryi^tal thi.s may melt at the same 
temperature as its components, or Ixjhave as the 
inactive mixture, or have a melting point above that 
of its components, in which last case addition of 
either component will loAver it constantly to the 
melting point of its components. As a nicemic com- 
pound may only be stable through a limited range of 
temperature, the melting point determination only 
gives informali(jn as to the state of tlie substances 
about the melting point. Hence solubility deter- 
minations are important. To distinguisli between an 
inacjtive mixture and a racemic compound a saturated 
iwlntion is made at a given temperature with the 
inactive compound, and another saturated solution 
at the same temijeraturc i.s made with the inactive 
substance plus om* component. In the case of the 
mixture both solutions will be identical and inactive; 
in the case of the racemic comp(»und one will be 
inactive and the other active. As an example may 
be given sodium ammonium tartrate, which will bo 
found to form an inactive mixture if crystalli.sed 
below 28®, but a racemic compound if crystallised 
above 28®. When compounds containing asymmetric 
atoms of any kind are synthesi.sed, the inactive form 
is always obtained. These inactive forms can be 
resolved into their components ; (1) by the use of 
ferments of rarions kinds, (2) by the use of other 
optically active substances, (3) by taking advan- 
tage of a difference in the speed of esterification. 
For examples, see under the individual substances 
mentioned before. Another kind of space isomerism 
called geometrical isomerism is found in cases where 
two carbon atoms are united by a double linking, 
as they are in ethylene. „On the theory of the 
tetrahedal carbon atom, ethylene is represented by 


the following formula, in which the tetrahedra are 
represented as united along an edge : 



Tills formula would lead us to expect that if one 
hydrogen atom of each carbon were replaced by 
another atom, or group X, two isomers would exist 
having the fornmlro : 



thus : 

H -C— X IT--C— X 

I JI 

The first example of this kind of ifcomerism to be 
discovered is that of Fu marie and Maleic Acids (jfcc 

H— C— (700H H -C— COOH 


HOOC' -Ci— H H— C—COOH 

Fumahe acid. Maleic acid. 

To distinguish isomers of this kind, tliat isomer 
having the formula 1 is called thu Cis or Maleinoid 
compounrl, and tliat having the formula 11 is called 
the Trans or Fumaroid compound. I'he cis-formula 
is assigned to maleic acid, chielly because it readily 
forms an anhydride, while fumaric acid does not. 
Other examples of comjiounds showing this kind of 
Isomerism arc cinnamic acid, crotonic acid, stilbene. 
Sffe thcjte. Another kind of cis- and trans-isomers 
occurs in certain ring comf^ounds. l^et six tetra- 
hedral carbon atoms l>e j<jined as in the figure 


H 
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Now imagine a plane passing through the centres of 
the six tetrahedra, that is, through the carbon atoms, 
then the six hydrogen atoms marked H are above 
this plane, and the six hydrogen atoms marked H" 
are below it. Replace the II atom from one tetra- 
hedron and the H* from an opposite tetrahedron by 
carboxyl groups. The two dicarboxylic acids so 
obtained arc stereoisomers. The first is cis-hexa- 
hydroterephthalio acid, and the other is trans-liexa- 
hydroterephthalic acid. From the diagram it is seen 
that the relationship between them is similar to that 
between fumaric and maleic acids, the edges of the 
tetrahedra concerned only being separated from each 
other in the case of the hcxahydroterepiithalic acids 
by the intervening pairs of tetrahedra. One of these 
hexahydroterephthalic acids closely resembles 
fumaric acid and the other maleic, and that wliich 
resembles fumaric is regarded as tlic trans-acid and 
the other as the cis-acid. 


Tfmu-Acid. 

Sublimes on he;itiu(;. 
Cr 7 Ktallist.d in prismB. 
Si>iiniJi;ly soluble in veater. 

Cis-Ackl. 

Melts ;it ll)0^ 

Cr.vsf.illiae3 in lai-ge cx3'aUl!!. 
Much more soluble in water 
tbau the tr.'inB*acid. 


Fiihiaric Acid. 
SnbliuiOB on beatinf;. 
(!ryKlallit»os in small prisma, 
tijilirinj^dj soluble in water. 

MnUic Acid. 

Melta nt 130\ 

f’ryfitalhseB in lar^e crystals. 
Much more soluble in water 
than fumaric acid. 


Both sets of acids are mutually convertible into each 
other. Unlike inaleit? acid, the cis-bexahydro- 
tercphthalic a(jid docs not form an anhydride, as 
miglit be expected from tiio greater distanc(5 between 
the carboxyl groups. See BUTIIALIO aiid TfiREPii- 
TUALio Aciub. For stereoisomerisnivof nitrogen see 
OxiMjas and Quatebnaby Ammonium Compoui.ob. 


Stereometer {Phys.) A Voli'menometer {q.v.) 

Stereotype {Typoy.) A ca.st in motal of the 
Xmiiting .surhjLce oC a page of type. The earliest 
stereotypes in existence are said to have been 
j)roduced about the year 1700; but as they were 
formed, by soldering the bottoms of types to- 
gether with .some metal .siibstanco, there is a doubt 
ns to their right to the appellation. Not only 
was re -com position necessary duplicates were 

required, but tlie type \va.s put out of use for otlier 
purposes. The proei s.s proper was first practised by 
William Ged, a gold.smith of Edinburgh, about the 
3 "ca.r 1725, under circumstances of great dilTiculty, 
the oiH'rative printers of the time being opposed to 
the inmwation. The secret of his methods is not 
kn«>vvn, and was lost after tlie death of his sons. In 
ISOl a patent was taken cut for iiroducing stereo- 
types by the plaster of Paris process. Later, throiigli 
tiio iiiliiience of Earl Htanhopc, the idea was txjrfccted, 
and the process was almost universal in this country 
until the French or papier mache system partially 
superseded it in 1850. 

The PIASTER Process requires a comparatively 
large plant, and is to some extent uncertain in ihs 
results. The forme of type, when prepared, is placed 
oil an inclined slab iitted within a sink. A mixture 
of plaster of Paris and water is poured over it, and 
smoothed by the hand until all the interstices of the 
forme arc filled up. Tlie surface is then rubbed with 
a hard brush until the face and shoulders of the 
type appear, water flowing evenly over it during the 
process. After being allowed to dry partially, it 
receives a top dressing of soap and water, and is 
then lightly oiled by means of a soft brush. A flask, 
similar in form to a chase with bevelled edges, is 
then placed over the forme, and plaster of Paris 
mixed with water to the consistency of thick cream 


is poured on until the chase is full. It is tlieu 
beaten and rolled until the mixture is level with the 
edges of the chase. When properly set, this is lifted 
from the forme, the mould is cut out of the chase, 
trimmed, and put into a baking oven. It is after- 
w^ards placed face downwards in the casting box; 
a lid with openings at each of the corners is placed 
on top, fastened with a screw, and immersed in a 
pot of molten metal. When the box is filled, it is 
withdrawn and cooled. The lid is then removed, the 
plates knocked out, relieved of the plaster, and trimmed. 

The Paper Process consists of four parts: i.e. 
the composition of the flong the preparation 

of the matrix, the casting of the plate, and the 
finishing process. The pages of type are prepared 
by having metal clumps of the same height placed 
round their outer edges. The flong when made 
is laid on the typo, tissue downwards, and covered 
with a damp linen cloth. It is then beaten with 
a hard flat brush until the form of the type is 
noticeable. A thick piece of coaise paper is next 
pasted on, and the beating process repeated. The 
forme, with the mould or matrix in position, is then 
placed on the hollow bed or steam box of a drying 
press, covered with a thick blanket, and pushed 
beneath the platen of the press, which is sci'evved 
down. After remaining in this position for ten or 
fifteen minutes, the mould is removed, trimmed, fur- 
nished at one end with a strip of brown paper, and 
placed on the steam chamber of the press, where it 
remains until thoroughly liardoned. Weights are 
placed along the edges of the mould to keep it 
perfectly flat. After the face has been dusted with 
tine French chalk, it is transferred to the casting 
box, which consists of two flat iron surfaces, the 
top one (a) serving as a lid. Both are loosely hinged 
together at the bottom (B), so that plates of different 
thicknesses may be cast as necessary. The two sur- 
faces of the box are held firmly in position by a swing- 
ing bar (cc), which clamps them togetlicr by means 
of a centre screw (D). The mould («) is laid on the 
lower plate (BJi), 

\Nith the slrij 
of paper already^ 
referred to lying 
Inose at the to^) 
when the box is 
tilted to a vertical 
}>osition, thus 
forming a lip to 
guide the molten 
metal in its 
course over the 
face of the mould 
between the two 
flat surfaces. 

Eying along the 
edges of the 
mould are gauges 
(PF), which d<J- 
t e r m i n e t li c 
thickness of the 
plate being cast. 

Several plates may be produced from the same mould 
A few seconds after the metal has been poured, the 
box is returned to its horizontal position, the screw 
lotjsencd, and the upper plate or lid is i wised. The 
plate can then be removed for trimming and finishing. 
The tang, or piece of superfiuous metal, is sawn off, 
the edges are roughly trimmed, and the backs planed 
to ensure all plates being of uniform height. Open 
spaces arc chiselled or chipped out, to prevent any 

46 



STEREO CASTING POX WITH CPPER SURFACE 
IIAISEU ANV MOULD IN POSITION. 



STE 


722 


STO 


but the necessary parts printing on the jmper, and 
the edges are bevelled. The plates are then ready 
for placing or fixing on beds or mounts, to render 
them uniform in height with ordinary type. The 
processes described refer x)Articularly to stereotypes 
for flat bed printing. For rotary printing the matrix 
or mould is placed in a box curved to suit the 
cylinder of the special class of printing machine, 
the plates, when cast,' being practically semicircular 
in form. There are also other systems, in which 
specially prepared flongs arc u.sed in a dry state. 

Bterilisatlon {Biology'), (1) In genera] terms, the 
destruction of the power of reproduction possessed 
by a living organism. (2) The destruction of 
organisms, especially bacteria {q.v,) and their spores. 

Stern Tube {Eng,) The tube in which the end of 
the shaft of a screw propeller is carried through the 
stern of a ship. 

8tem Wheel Bteamere {Eng.) See Amekicak 
R ivEE Steamers. 

Bterro Metal {Met,) A form of brass, with which 
4 to 6 per cent, of iron is alloyed : it is remarkable 
for its strength, and was used for ordnance in 
Austria. 

Stet {Ti/jfog.) SeeVnuss Corrections. 

Stevenson's Screen {Mcteorol.) See Thermo- 
meter t>CREEN. 

Stibnite (Min.) Sulphi«le of antimony, 
antimony = 71*8, sulphur = 28*2 per cent. Ortho- 
rhombic in long crystals striated longitudinally. 
Colour steely grey. It is the most important ore 
of antimony. It is used, along with (ralena, in the 
East to darken the under surface of the <‘yelids. 
From Cornwall, Ayrshire, Hungary, Horn'eOt but 
chiefly now from Japan, whence come fine crystals. 

Sticker {Musio), A thin rigid piece of wood used 
in the mechanism of the organ for pushing up certain 
parts. It is held in po.sition by a wire iuserted at 
each end through holes in the levers. See Organ, 
p. 439. {y. CI’RACKER, 

stiff Leaf Foliage The conventional 

foliage used in Early English (y.v.) architecture, 
Ijarticularly that used in the capitals. 

Stigmatic Lens {LigU). If light diverging from 
a point is exact Ij' focussed al a second point by a 
lens, then the lens is trul 3 " Stigmatic, This term, 
though convenient, is rarclv used. 

CHC.H, 

Stilbene {Chem.) || (Also called s^mme- 

CHC.H, 

ttical dipbenylcthylene and ioluylcue.) Rtilljenc 
and many of its derivatives can exist in two stereo- 
11 

isomeric forms, |] and || 

c— n H— 

Ordinary Rtilbene has probably the latter formula : 
it is a white solid cr 3 'stallising in large monoclinic 
plates ; melts at 124® ; boils at 306® ; sparingly soluble 
in cold alcohol, much more soluble in hot ; soluble in 
ether and benzene; distils in steam. Its vapour 
passed through a r^hot tube gives anthracene and 
toluene. On reduction by heating with hvdriodic 

acid it gives dibenzyl, | , With bromine it 

CIL.CgTlj 

gives a dibromide. On prolonged heating with 
Bulphur it gives tetraphenylthiophene. 





C.H, 


Btllbeuc is obtained (1) by heating 


benzaldehyde or benzalchloride with sodium, 

CeH,.CH 

2(UI,CnCL+ 4Na« || + 4NaCl, (2) By 

CeH^ CH 

lieating phenol fumarate, 

C.HjOOC.C.H cyij.c.H 


H.C.COOC.IT, . „ 

Phenyl oinnsuiate. 


(3) By heating /J-trithiobenzaldehyde (obtained by 
passing hydrogen sulphide into a mixture of bcnzal- 
debyde and alcoholic hydrochloric acid) with copper. 
A few stilbene derivatives are dyes, but they are not 
obtained directly from stilbene. 

Stilbite {Min.) A hydrous calcium aluminium 
silicate, GHgO, (Xa^Ca)O, AhOyOSiO.^. Monosym- 
inetric, in complex fourlings appearing us one crystal. 
Colour white, or rarely red. Tearly lustre, bum- 
barton and Btiriingshire in Scotland; the Giants* 
Causeway ; Faroe Island ; India, etc. 

Still Life {Art). A picture representing flowcis, 
fruit, furniture, and inanimat (‘ objects gcnierally. 
The Dutch School arc famous for their pictuies of 
Still Life. 

Stipple, Stippled ( Engrav,) See Engraving and 
Etching, p. 2U1. 

{Vanit.) A method of paiiilijig in which 

elTect is obtained b)* means of scries of d<dh instead 
of by strokes or flat tints. 

Stippler {Dec.) See rAiXTERs' JUtraiiBS. , 

Stirrup iEtig.) I’lie name apidied to a piece of 
metal ill the form of a loop resembling a stirrup, 
{ometinies used in mechanism. 

Stitching {Bind,) The term used for the method 
of sewing a pamphlet (or pamiihlet and cover) when 
it consists of a single section or sheet. 'J’lie sheet is 
opened out and sewm through the middle, the thread 
being cut and the ends tied together in tiie centre. 
See Wire Stitching. 

Stoa {Architect.) A Greek term usually employed 
to denote a 2^011100 {q.r.) Tlie Greek jiortico was 
often detached and of comsidcrablo extent. It 
afforded shelter while w'alkiiig. 

Stock i^Arrheroh) (1) The portion of a tally' 
(generally a notched stick) which a creditor retained 
as evidence of the king's debt. The counterstock 
was retained in the Exchequer. (2) A band of 
leather or other stiff material, sometimes covered 
with a soft fabric, worn in place of a cravat. 

{Eng,) (1) A gcne?-al term for part of a 

machine or device which siq^ports or contains an 
0 {)erating part or a part on which work is actually 
performed, e,g, the support of an anvil. A!^«Heai> 
Stock {Eng,) and Stocks and Dies. (2) The mass 
of heated coal not yet ignited surrounding the hot 
part of a smith's fire. 

{Her.) A bearing consisting of the stump 

of a tree out off square at the top and eradicated 
at the roots, the main roots being shown. 
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Btooklngette Cloth {TeosHle Manvfae^) May be 
either knitting which is the original stockingettCi or 
woven in the ordinary way, what is termed a “ stock- 
ingette ” weave being used. 

Stock Rail The fixed rail which is fitted 

at points in a railway, as distinguished from 
t he hinged rail or point proper. See under Kailwatb. 

Stoekt. Bricks burnt in a clamp. See Bbicks. 

{Archaoh*) A device for punishing petty 

oifenders. It consisted of a heavy wooden frame 
with movable planks placed horizontally on edge, the 
latter being pierced with holes for confining the legs 
or arms or both. 

( Civil Eng,) The massive timbers on which 

a ship rests while being built. 

(^Woollen Manufac,) An old form of fulling 

or felting (i/.v.) Usually the machine consists of a 
pair of stocks, but they have also been made with 
only one stock foot, and with three. In the older 
form of tlic machine the stocks are allowed to fall 
on the material by gravity ; in the newer form they are 
controlled by crank gearing, and the length of the 
traverse can be diminished or lengthened as required. 

Stocks and Dies etc,) Tools used for cutting 
external or “ male ” threads. The die consists essen- 
tially of a hardened steel nut, which is usually 
divided into two parts, the ends of the threads 
where they are cut across serving as cutting edges 
fox producing the new thread which is to be cut. 
The Stock is a suitable holder for t*he dies, commonly 
with a screw by means of which tlie distance apart 
of the two halves of the nut may bo adjusted, and 
two straight handles by means of which it is turned 
in order to produce the thread. When commencing 
to cut a thread the two halves of the die are 
separated to such a distance that they will just 
allow the blank on which the thread is lo be cut 
to enter ; the stock is then turned and the dies 
gradually cut a thread, which is deepened by screw- 
ing the (lies closer together after eacli cut. 

Stocks, Grey, and London. See Buicks. 

Stokehold (J^^ng.) A term commonly used in 
marine practice as the equivalent of “ boiler house ” ; 
the place in which the stoking of the boilers is 
carried on. 

Stokehole C^eg.) (1) A pit or other space in or 
from ivhich stoking is can-iedon. The space allotted 
to the stokers or firemen in a steamship for supi>lying 
fuel to the furnaces is usually serraed a stokehold 
Cq.v.) (2) A hole in a reverberatory furnace for intro- 
during a rabble (g.v,) or otlier tool. 

Htoking (E9ig,) Putting fuel into a furnace, etc., 
removing clinkers, and generally attending to the 
fire. 

Stola (Archaol,) The outer garment worn by the 
Roman matron. Qf, Palla. 

Stole {Cost,) A narrow band, fringed at the ends, 
worn by the clergy over the shoulders. 

Stomata {Betany), Minute openings in the epi- 
dermis of leaves and other green parts of a plant 
concerned in gaseous interchange between the tissues 
and the atmosphere. Special guard cells ” surround 
an opening which leads to the intercellular spaces 
of the leaf. 

Stone Age. The Prehistoric Period during which 
Rarly Man shaped and used implements of stone. It 
is usually regarded as divisible into two periods : — 


an Earlier or Palssolithic, during which rudely 
shaped and unpolished stone implements were used, 
and a Later or Neolithic, at which time a more bare* 
fully finished type was used. The Earlier Stone A^ 
may have lasted all through the Glacial Period, whue 
the Later is certainly posterior in date to the Age of 
Snow. 

Stoneware* A specios of hard glazed potteiy 
composed of silicious clay; or of clay and fiint 
which has been ground and calcined, mixed in proper 
proportions. The glaze is effected by means of 
common salt, which is thrown into the furnace in 
which the ware is baked. See Potteby. 

Stool {Build,) The small surface worked on a 
stone sill to form a butt joint for the mullion. 

Stoop* (1) A flagon or large cup for holding 
liquor. (2) A low i>latform or a portico in front 
of a house. 

Stop* A very general term for a piece of metal or 
other material used to fill up some cavity, or to limit 
or check the motion of some piece of mechanism. 

{Bnild,) The termination of a chamfer when 

It is not worked the whole length of a stone. 

( Carj}, and Jom,^ etc.) (1) A projecting piece 

of woofl or metal, used to keep a piece of wood from 
sliding along the bench when being planed. (2) One 
of the pieces of wood fastened to the frame of a door 
to form a recess into which the door shuts. 

{Mmic). (1) A set of pipes in an organ. 

(2) Each knob by which the organist puls into action 
the various sliders. Properly known as a Draw stop. 
Sec Musical Insteuments, p. 439, 

Stop Cock < limld.) A cock or tap fixed near the 
main pipe to turn on or shut off the supply of gas or 
water in a house. 

{E)ig.) A term often applied to any cock 

or tap. 

Slope {Af'inUig). The parts of a mine between 
two levels, from which the ore is obtained in work- 
ings usually having the form of steps. Ovebhand 
Stoping consists in working from the under side, 
when the steps have the appearance of the under 
side of a staircase; in Undebhand Stoping the 
men work while actually standing on the steps. 

Sloping {Wning). The excavation of minerals in 
steps, either above or below a certain level. Ovbb- 
HAKD Stoping : Excavating in an upward direction, 
the usual method. Underhand Stoping : Ex- 
cavating in a downward direction. Sec also Btope. 

Stopped Pipe (Music). An organ pipe having the 
upper end closed cither by a Stopper or metal 
cap. A stopped pipe gives a sound an octave lower 
than an open pipe. This is spoken of as so many feet 
tone ; e.g. stopped diapason 8 ft. tone gives the same 
pitch as the open diapason 8 ft. In the former case 
the lowest pipe is 4 ft. long, in the latter 8 ft. long. 

Stopper {Glass Manu/ac.) A slab of fireclay 
used for temporarily stopping up the mouth of the 
pot (q*v.) during founding. 

{Music), The wooden plug inserted at the 

top of certain organ pipes, which causes the sound 
produced to bo an octavo lower than when un- 
stopped (open). 

Stoppering {Met.) Closing up the opening of the 
mould used for casting steel ingots, in order to 
prevent the action of the air on the fluid metaL 
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Stopping {Brnld,, Dec., etc.) A Bubstance, e.g. a 
mixtare of size and whiting, used for filling nail-boles, 
shakes, cracks and flaws, etc., in the surface of work 
which has to present a smooth and finished appear- 
ance, Of, Beaumontage. 

(Jiw^c), The pressing of the fingers on 

the strings of stringed instruments to obtain other 
sounds than those given by the open strings (^.r.) 
When two notes are produced at once in this wa 5 ^ 
Z.S, by stopping two strings, it is termed Double 
STOPPING. 

Stopping Knife ( Dec,) A knife used by painters 
for stopping nail-holes, etc., with putty. 

Stopping Off (^Fonndnj). Closing or filling up 
part of a mould in order to modify the size or shape 
of the casting. 

Stopping Out iEtching). Covering with lamp- 
black, or other acid-resisting substance, certain 
portions of a plate which is being etched in order 
to prevent further elching of those parts. See 
Engeavikg and Etching and rHOTO-ENGBAViNG, 

Stop Yalve {Bng.) A )Stop Cock 

Stop Watch (^Clocks and Watchca), A watch 
whose mechanism can be stopped or started at will 
by pressing a projecting stud. Tlie most convenient 
type possesses separate mechanism, furnished with 
6|>ecial indicating hands, c'apublc of being stopped 
or started at any time without interference with the 
ordinary movement. One of these hands usually 
makes one com])lcte revolution per minute, and 
indicates to the fifth of a second, while a second or 
smaller band records the minutes completed since 
the watch was started. 

Btop Work ( CZccjt« irafc/n cO. Tlic .arrange- 
ment limiting the amount of winding up ijermitted 
to the weight or mainspring. 

Storage Battery {Elect.) A set of storage cells 
or accumulators {(j^.v.). 

Storage Cell {Elect.) An Accumclatoii {q r.). 

Storm (^Mcteorol.) A violent ct>mmotion c»f the 
atmosphere, occurring in all <*limales anrl differing 
from other atnio>ph(;ric dihturbances in its destruc- 
tive power and the extent over which it spreads. 

Storm Beach {Gcol.) The maritime zone along 
which the direct effects of the sea are manifested 
only during heavy gales. In general terms it may 
be said to range along the shore to a short distance 
inland from high-water mark. 

Storm, Magnetic* Irregular or excex^tional varia- 
tions in the earth’s magnetic element. 

Storm WamingB {Meteorol.) Koticc.s, tclegraf)hed 
or published, predicting the approach of storms from 
the behaviour of the barometer or other instruments. 

Storm Waves (Meteorol.) Exceptionally liigh 
waves occasioned by low atmospheric pressure durnig 
storms. Rendered more severe wlien occurring at 
high water and violent wdnd. 

Story Rod {Carp, and Join.) A long stick used 
for setting out stairs, e.g. for measuring the vertical 
height from floor to floor. 

Stoup* See Stoop. 

Stourbridge Clay. A fireclay occurring in the 
C(^ Measures at Stourbridge and elsewhere ; it con- 
tains ^but little iron and very little lime or alkali. 
As it is very refractory, and can be heated to very 


high temperatures without melting or becoming 
pasty, it is much used for firebricks, crucibles, etc. 

Stove. (1) A term loosely applied both to open 
fireplaces and to stoves proper, which are closed 
chambers. See Stoves. (2) A form of oven used 
for drying, enamelling, and many other purposes. 

Stoves (Mi/gie7ut), Are commonly made of oast 
iron,t)>c smoke and products of combustion escaping 
by an iron flue to the chimney or outer air, while the 
main portion of the heat radiates in all directions 
round the stove. This is a more economical but less 
Ivealthy mode of heating than by an o])en fireplace, 
the ventilating power being less. There are three 
chief objectioihs to the use of stoves: (1) They 
render the air hot and dry ; this may be in a measure 
obviated by placing a vessel of water on the stove. 
(2) The escaj^c of carbon monoxide through the walls 
of the stove; this objection may be t»vcrcome by 
lining the stove with firebrick and casing it with 
tiles, as is done on the Continent. (3) The bad smell 
sometimes caused by tlie decomposition of organic 
matters j)rcsent in the air, duo to tlieii* contact with 
the heated surface of the stoves. 

Stove BcpevT {BvUd.) A screw' with the thread 
cut clo^e up to the head, used in fitting togetlier the 
l)aris of stoves. 

Straight Arch {Build ) Soo ( AMBm Ancn. 

Straight Edge {Eng.^ Carp., etc.) A flat rod of 
wood or metal; the edge is used for testing the 
accuracy of straight lines or plane surfaces. 

Straight Pass {Textile Ma?i?//ac.) See Enteeing. 

Strain {Phya., Eng., etc.) A change in the dimen- 
sions or form of a body, producjcd by the action of 
forces termed STBErisES. Various kinds of strains 
are defined under Elaktjcttt (</.?*.) 

Strainer {Eng.) A perforated cover attached to 
the end of the suction iMX)e of a pump, to ]>revent 
the entry of pieces of material w'hich would obstruct 
the vahes. 

Straining {Lf^ather Monvfae.) The stretching or 
straining ol skins in th.;ir w’et state by nailing them 
out on frames pnd drying them in tlii.s strained 
condition, tlius pir'venting contraction. 

Straining Beam {Carp, and Join.) The hori- 
zontal timber that extends betw’een the head.'s of the 
queen pt'^si-s. Sec Hoofs. 

Strain Blip Cleavage {Qeol.) A structure de- 
vehqjed in eeitain rocks by dynamic mctamoiphi-sm. 
Intense lateral pressure, such as that exerted during 
the upheaval of gieal mountain masses, throws the 
finer lamime of a si ratified rock into minute i>uckers, 
which fracture at their crests and trougbs, and even- 
tually slip, or become faulted, on a very minute scale, 
along parallel planes which lie nearly at right angles 
to the direction of the pressure. A rock so affected 
is said to be sheared. If new minerals arc developed 
along the planes of slip the rock becomes a Schist. 

Straits Tin {^kt.) Tin from the Straits Settle- 
ments — e.g. the Malay I’eninsula, the i.slauds of 
Banca anrl Bilitong, etc. ; usually considered one of 
the very best varieties obtainable. 

Strait Work {Mining). See under ^Iintng. 

Strake {Mining). A sloping board used in sorting 
gold ore. 

Stramonium (Botany). The dried leaves and 
seeds of Batura etrawonium (order, Solanace<E) are 
used in the i)roparation of the drug. 
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Btpand. (1) A number of single threads of some 
material (yarn, etc.) twisted together and forming 
one of the principal parts of a rope. (2) A single 
thready filament or small cord. 

Btraaded Conductor (^Elect^ ^ng.) A conductor 
formed of a number of fine wires grouped into 
strands ; used when flexibility is required. 

Strap {Eng,) (1) A belt {q.v.) (2) A strip of 
metal specially shaped for liolding together and 
strengthening parts of a structure round which it 
fits, e,g, an eccentric strap. 

Strap Bar (,Eng.) A bar sliding through fixed 
supports and carrying the Sthap Fork (g'.v.) 

Strap Brake iEng.) A strip of metal, firmly fixed 
at one end, bent over a wheel or brake drum : when 
drawn tight by means of a lever, so as to grip the 
wheel closely, it acts as a brake. Used both as a 
brake proper and in certain forms of Dynamometer 
iq.v.) 

Strap End (.Eng.) The end of a. connecting rod 
in wbich the bras.ses are held in place by a strap 
passed round them and fixed to the rod by means of 
a gib and cottar (^q.v.) 

Strap Fork {Eng,) A two-pronged fork which 
loosely encloses a belt, for the purpo.se of shifting 
it from ono pulley to another of equal size, turning 
on the same a.xis and placed along.side the first. 

Strapping Motion {Cotton Manvfac,) See 
Governing ^Iotjon. 

Strap Work {ArchHect.) An Elizabethan orna- 
ment resembling interlacing stra])s. 

Stratus Clouds {Meieorol.) Arc those which pre- 
sent a .stratified or band-like form. They may be 
high- or low-hing clouds. See aUo (‘LOUDS. 

Strawberry {Eotany). The fruit of Fragaria 
rrxen {Jivxacetr) consi.st,s of a fie.^'hy receptacle 
bearing numerous minute acLene.s (the so-called 
seed^ ). 

Strawberry Leaf (Her.) An ornament of con- ; 
vcntional fr)rin resembling a strawberry leaf appears \ 
on many ancient. crowns and coronets. They now j 
appear on tljc coronets of dukes, marquessc.s, and 
earls. See Coronet. 

Stray Field {Elect. Eng.) A magnetic field, pro- 
duced by lines of force from the field magnets of a 
dynamo which do not pass through the armature, 
and which are therefore useless for the purpose of 
inducing an electromotive force in the armature 
conductors. 

Streak (Min.) The apixiaranoe produced when a 
piece of a mineral is rubbed over an abrading 
surface harder than its c»wn. The lustre and general 
appearance of the streak is often a useful guide in 
the identification of a mineral. 

Stream Currents {^feteorol.) Currents produced 
when Drift Currents are deflected by a 

coast line or other obstacle. 

Stream Lines. Imaginary lines drawn in a fluid 
in motion, such that the direction of motion of any 
particle at any given instant is a tangent to tlic 
curve passing throngli the particle. 

Stream Tin Tin-stone in a state of fine 

division which has been waslicd down and deposited 
by rivers. 


Stren^h of Field {Elect.) The strenglli of an 
electric field at a point is measured by the nwE^hev 
of lines of force per square centimetre ai that p<^xit. 
In air this is numerically equal to the force, in, dynes 
exerted on a unit charge placed at the same point, 
but this will not be true for other media, the general 
relation between Force (dynes) and Field (lines per 
sq. cent.) being. Field » K x Force, where K is the 
dielectric con.^tant (or specific indnotive capacity), 
and is arbitrarily taken as unity for air. The stren^h 
of a magnetic field is similarly defined. In air this 
is numerically equal to force in dynes on unit pole at 
the given point, but the force is not to be confused 
with the field, the general relation being Field x 
Force, where fi is the permeability of the medium. 
This practically only differs from unity in the case of 
iron and a few magnetic substances. 

Strength of Pole. See Magnet. 

Btrepitoso {Music). In an impetuous or boisterous 
manner. 

Stress (Phys.t Eng.^ ti^e.) A stress, from the 
practical point of view, is a force which produces, 
or tends to produce, an alteration in the form or 
dimensions a body upon which it acts. The external 
force is resisted by internal forces acting between 
the mdloculcs of the body, and to these internal 
forces the term “ stress ” is more properly applied. 
Sf‘e also Elasticity. 

Stress Diagram. A drawing made for the pur- 
pose of calculating the different stresses in the 
members of a loaded structure. See also Qbaphio 
Statics. 

Stretched String {Sound). Vibrating strings form 
an e&sef'tial part of many musical instruments {q.v.) 
and certain pieces of scientific apparatus, e.g. a 
Sonometer {q.v.) The frequency of vibration of a 
string depend on its length, its mass, and the tension 
aj)plied to it. Let I be the length, m the mass per 
unit length, and T the tension, expressed in the 
coiresponding units of force {i.e. if I is in cms., m in 
grams, then T must be in dynes). The frequency n 
(or number of vibnitioii.s per second), when tlie string 
is vibrating as a wht>le and therefore emitting its 
1 /T 

fundamental note, is n =■«>/ a / —• The frequencies 

Zl '\/ VI 

of the over-tones (q.v.) will be 2w, .'in, etc. 

Stretcher {BuUd.) (1) A brick or stone laid with 
the greatest length paiallcl to the surface of iho 
wall. ([f. IlBADEB. (2) A tie-beam in the framing 
of a building. 

{E?ig.^ etc.) A strut or member of a structure 

which fixes tw’o other ]>art.s a definite distance aiarl : 
the horizontal member in an A-frame. 

{Paint.) A frame on which a canvas in- 
tended for painting is fa.stencd, and then stretched 
by means of wedges forced in at the comers, or by 
some other device. 

Stretching Course {Build.) A row of bricks laid 
lengtliwiso on the face of a wall. Cy. Stbetchbib. 

Stretto {Music), Contracted ; close. SeeVVQXTE. 

Stria ( (Bass Manufae. ) Markings or cords caused 
by variations in the toinpcratuTC of the furnace. In 
flint glass they are chictly due to the unequal density 
of the materials employed. 

or Striations ( Elect.) A banded apt^earance 

due to alternations of dark and bright spaces pro- 
duced under certain conditions in vacuum tubes (^.u.) 
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Strickle {thufidry), A piece of wood or metal 
used to produce a surface of definite form on the 
sand in a moulding box. The strickle is cut to 
the required shape and drawn over the sand in 
the proper direction, which is maintained by means 
of suitable guides, pivots, etc. 

Bipiokling {Foundry), Forming a simple mould 
or part of a mould by means of the Strickle (^.r.) 
instead of by the use of a pattern. 

Strict Conntcrpoilit {J\fv9ic), By strict counter- 
point is understood the art of combining melodierf 
under the following restrictions : (1) Common chords 
and their first inversions only allowed. (2) A com- 
plete absence of discords, except the suspensions of 
the 4-3 ; 9-8 ; 7-6 ; 7-8 ; 5-6, and passing notes. (3) 
Diatonic progressions only. The study of strict 
counterpoint Is i)erhap8 the most essential part of 
a thorough musical training, as it enables the student 
to write in a flowing manner under very severe con- 
ditions. He is then fit to enter the much wider 
sphere of comix)sition, which comprises writing and 
combining the five different species of counterpoint 
under modern conditions, using chromatic pro- 
gressions, discords, and all the combinations and 
progressions of modern harmony. This is known as 
Free Counterpoint. These are also called respectively 
Students' Counteipoint and Composers* Counterpoint, 
terms which in many ways seem to bo better. Sec 
COUNTBEPOTKT. 

Strict Fugue {Mmie). A real Fugue (//.r.) 

Strigil {Archesol.) A scraper, fashioned variously, 
oE metal, ivory, bone, etc., and used for scraping the 
skin at the bath or on other occasions. 

Strike (Fuild,, Hr.) To lower or take di)wn, e.y* 
a scaffold or the centre of an ai'ch. 

(Geol.) The tlirection of a horizontal line 

on the bedding tdane of an inclined strat\im. Other- 
wise : the compass bearing of the lino formed by the 
intersection of the plane of an inclined stratum and 
a horizontal surface. It may he.‘^t be realised by 
partly immersing a slab', inclined at any angle from 
the horizontal position, in a bowl of water ; (he line 
of contact of the water surface with the face of the 
slate is the diieciion of the strike. The deHnitiun 
of “ strike ” given in most text books is incorrect. 

( Type/oundiny). The term applied to the 

matrix in which a type is cast. S'c TynsFOUNDiNG. 

Striker (Print.) A lever for shifting the driving 
belt of a machine to stoj) or start it. 

Striking an Arc (Fleet.) Starting an electric arc 
by bringing the carbons into contact and immediately 
separating them. 

Striking a Screw (Fny., etc.) Commencing the 
cutting or a screw-thread with a clia.ser (q.v.) 

Striking Distance (Meet.) The distance between 
two conductors, across which a spark will pass with 
a given difference of potential. 

Striking Knife (Carj}.^ Hr.) A knife or scriber 
used in striking out or marking timber rea<ly for 
cutting to shape. 

Striking Mechanism (Elect . Eny.) The mechanism, 
usually w^orked by the current, by which the striking 
of an arc (q.v.) is effected 

Striking Out (Carp.^ Eng,^ He.) Drawing a piece 
of work, especially drawing it full size in the work- 
shop, or actually marking out line®, etc., on the 
material itself. 


Striking Plate ( Carjtf. and Join.) The plate fixed 
to the jamb of a 'door frame for the bolt of the 
look to shoot into. 

Striking Reed (MuHc). See Heed. 

Striking Up, or Striking (Foundry), Strickung 
(q.v.) 

String (Mech.) In theoretical mechanics the term 
string is applied to an imaginary body which is 
cabbie of transmitting a force only in tho direction 
of its own length, ix, which is perfectly flexible. 

(Mining). A thin vein of ore. 

(Phyn.) See Stretched String. 

( Woollen and Worsted Manvfao.) A length of 

10 ft. The chain or warp is frctiuently defined in 
strings. 

String Course (Architect.) A horizontal moulding 
or a coloured or projecting band on the face of a 
building. 

Stringendo (Mush). Hurrying the time with 
exoitennmt. 

String Quartet (Music). A composition for four 
.stringeil instruments, gcncnilly first and second 
violin.s viola, and violoncello. 

Strings (Carp, and Join.) The inclin('«l boards 
supporting the ends of steps. tSce Staiuc.\.sk. 

Strip or Taper (Foundry). See Taper. 

Strippers or Workers (Textile Manufac.) See 
CARDiNt^ Engine. 

Stripping (Eng.) Tearing or breaking off the 
thread of a screw or the teeth of gear wheels through 
improjKi* usage, 

(Lace Manufac.) A simple method of ic- 

moving the unused cotton that remains upon tlm 
brass bobbins, when time, is an object or the material 
not of sufficient \aluc to paj" the expense of ‘‘jacking 
off.” See Jauk Off. , 

Stripping Film (Photo.) A .sensitive gelatine film 
wrhh h is iiioimled on paper or other rion-lransparciit 
support; after the film lias been developed and fixc<l, 
it is removed or stripped from the support, for 
printing. 

Stripping Plate (Met.) A hcvcl edged template 
fitted tangentially to the rolls of a mill to coincide 
with the grooves, thus clearing tl:c bars from tlie 
bottom roll, and preventing them “collaiing” or 
wrapping round the bottom roll. It is fitted at the 
back of the rolls in almost tbc same position as the 
foreplate (q.v.) at the front. 

StroboBCope (Phys.) An instrument for observing 
a body which is executing rapid vibrations. The 
body is vicw''e(l through a small opening in an opaque 
screen which is moving in the siimc plane as itself ; 
if tlic rate of motion of the screen be the same as 
that of the vibrating lx)dy, the latter will appear 
at rest when viewed through the opening. For ex- 
ample, the screen may be mounted on the tip of the 
prong of a tuning fork ; then if it be set in vibration, 
and another fork, vibrating in the same plane, with 
the same frequency, bo observed through the slit, the 
prongs of the second fork wrill appear at rest ; if the 
frequencies of tbc forks differ by a small amount, 
then the prong of tho second fork will appear to 
move slowly to and fro. 

Stroke (Eng.) The distance moved through by 
the piston of an engine, plunger of a pump, or other 
reciprocating mechanism. 
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Stvokar {Print,) A piece of wood with a smooth 
metal face, used for strokiniic the sheets of paper 
towards the grippers of the printiag machine. 

Strong Band {Foundry), Moulding sand rendered 
adhesive by the admixture of loam, etc. 

Btrontia {Chem.) Strontium oxide or hydroxide. 

Btvontianite {Jdin.) Strontium carlionate, SrCO, ; 
strontia » 70-2, carbon dioxide — 29*8 per cent. 
Ortborbombic, usually in divergently fibrous masses. 
Pale apple green, greyish or white. The principal 
source of strontium compounds. From Btrontian in 
Argyleshire, Yorkshire, the Harz, New York State, 
etc. 

Btrontinm {Min,) The element does not occur 
nati\c. Only two minerals containing it are at all 
abundant, t>je carbonate Btrontianite (q.v.) and the 
sulphate Cclestine {([.v.) 

Strontium and its Compounds {Chevi.) Bthon- 
TiUM (Sr, atomic weight 87'6) belongs to the same 
group of elements as calcium and barium ; like them 
it is a white metal, which decomposes water at the 
ordinary temperature, forming the hydroxide and 
liberating hydrogen; like them, also, it occurs as 
carbonate (Btrontianite) and sulphate (Oelestine) ; 
it is obtained pure in the same way as barium. 
Compounds: Btrontium Oxide, SrO, resembles 
quicklime in appearance; melts about 3000°; more 
soluble in water than quicklime, giving a strongly 
alkaline solution of strontium hydroxide, Br(OH)j. 
The oxide is obtained by hekting the nitrate or by 
very strongly heating the carbonate ; the hydroxide 
is oV;tained by arlding water to the oxide or by 
heating the carbonate in a current of steam. The 
Hydroxide is a white solid which crystallises from 
hot water, as Sr( 0 H) 28 lIj, 0 ; it combines with cane 
sugar to form a saccharate, which is insoluble in 
water, and on this account strontium hydroxide is 
used in recovering canc sugar (f/.r.) from the un- 
ciystajlisable molasses. Strontium Chloride, 
BrCij, crystallises with six molecules of water, and 
is soluble in water and alcohol ; the anhydrous salt 
melts at 832" ; it is obtained by dissolving the car- 
Iwnatc or hj droxido in hydrochloric acid and crys- 
tallising. Strontium Nitrate, Br(N 05 ,) 3 , crystallises 
in anhydious octahedra; very soluble in water; ob- 
tained by dissolving the carbonate in dilute nitric 
acid and evaporating. It is much \jsed in making 
red fire. The carbonate and sulphate resemble the 
corresponding barium salts, but the sulphate is more 
soluble in water (*014.') gram BrS(\ in 100 cc. water 
at 20"; •<i0026 gram in 1(K) cc. at 18"). 


Btniok Gore {Foundry), See Cork, 

Structure {Fng,^ etc,) An assemblage of related 
parts attached to one anotl er in a definite manner. 
Jn practice the term is usually, though not alwavs, 
restricted to hiiikliugs, bridges, roofs, etc., as dis- 
tinguished from machines. 

Strut {Jf?iUd,, Eng,^ etc,) A member of a structure 
which is in compression, i,e, the forces applied at the 
two ends act towards each other. 


Btryohnine {Botany), The alkaloid obtained from 
the disclike seeds (Nux Vomica) of Stnjchnot nux 
vomica (order, Loyaniacca), 

(^Chevi,) Cj,H^,N,Og. Forms large white 

rhombic prisms ; melts aDout 206"; distils^ at 27(P 
under a pressure of 5 min. ; slightly soluble in water 
(100 parts water dissolve *025 parts at 14*.5 ), more 
soluble in alcohol (100 parts absolute dissolve *302 


at 8*25"): chloroform is the best solvent (1 part 
in 6*9); its solutions are Imvorotatory. It baa an 
extremely bitter taste — 1 part in 70,000 of water 
is distinctly perceptible. Btrychnine iii intensely 
poisonous. The fatal dose is not known; a little 
over a grain has proved fatal, while larger doses 
have not. Medicinal dose, Vtr to ^ grain ; it is used 
in making many vermin kilh rs, in which it is mixed 
with starch and a colouring matter such as ultra- 
marine. In medicine it is used as a tonic on account 
of its stimulating action on various centres. In 
poisonous doses it causes violent and frequent con- 
vulsions, affecting nearly all the muscles; apomor- 
phinc and chloral are used as antidotes. Strychnine 
is a strong inonackl hnt>e ; its commoner salts are the 
sulphate, hydrochloride, nitrate, and acetate, all of 
which are more soluble iu water than the alkaloid. 
In pure chemistry strychnine is used to resolve 
racemic mixtures or compounds into their optically 
active components. See Btebeoisomebism and 
Dextrose. It occurs in nux vomica (dried ripe 
seeds) to the extent of from 0*9 to 1*9 per cent., 
and in Bt. Ignatius bean to 1*5 per cent.; brucine 
occurs with it in these. To obtain it the nuts are 
softened by exposure to steam, powdeied, and ex- 
tracted with somewhat diluted alcohol containing 
a little* sulphuric acid ; the filtered extract is neu- 
tralised with lime, and the clear solution evaporated ; 
the residue is extractcrl with dilute acid, the extract 
filtered and precipitated with ammonia ; the precipi- 
tate contains brucine, from which it can be freed by 
crystallisation from alcohol, in which brucine is the 
more soluble ; or the alkaloids arc dissolved in acetic 
acid, the solution evaporated on the water bath, 
when the strychnine acetate is decomposed, and 
water Bnly dissolves brucine acetate from the resi- 
due. The constitution of strychnine is unknow-n ; 
hut it is a tertiary base, as it unites with alkyl 
iodides, and it appears to contain a benzene ring 
condensed w ith a nitrogen ring, tho nature of which 
is not settled, for it yifdds halogen substitution pro- 
ducts, of which bromstryclinine yields picric acid by 
the action of fuming nitric acid ; also when distilled 
with caustic potash, quinoline and indole are among 
Djo products, while when distilled with zinc dust, 
carbazole is obtained. Btrychnine gives the usual 
alkaloid reactions ; the best test for it is the addition 
of strong sulp)huric acid and a little dichromate of 
potash, when a transient violet coloration is observe<i. 

Stuart's Oranolith. Sre Artificial Btone. 

Stub Tenon {Carjt, and Join.) A short tenon 
which docs not pass right through the piece which 
contains the mortice. 

Stucco {Build.) (1) Plaster of fine quality made 
from powdered white marble, gypsum, sand, and 
water: used to form the surface of walls and for 
ornament in relief. (2) Generally any plaster or 
cement use<l to form the external surface of a building, 
often finished off to imitate masonry. 

Stuck (Mus/c), Iho German term for piece, as 
Concertistiicitf a concert piece. 

Stuck Moulding (Carjf. and Join.) Moulding 
which is worked on the solid wood, as distinguished 
from moulding which is formed on a separate piece 
of wood and afterwards attached to the main part 
of the work. 

Stud {Build.) A post or upright support. One 
of the scantlings to which the match boards are 
nailed in a frame building. , 
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Stud (Ethg.') (1) A short projecting pin or boas. 

(2) A .‘'Crew, having no fixed head, which is screwed 
into a tapped hole in some larger object, the mit 
being screwed on to the projecting end. (3) The 
transverse piece of cast iron in the link of a cable 
chain for the purpose of keeping the sides apart. 

{Waiohes and Clocks). The fixed piece to 

which the outer end of a balance spring is attached. 
Any fixed piece forming a centre of motion for 
movable pieces, e.g, the various studs on which the 
different parts of the striking mechanism of a clock 
turn. <Sty; Stoi» Watch. 

Stud Block iEng.) A piece of metal having a 
tapped hole which docs not pass right through the 
block. It is used for screwing studs (^.??.) into their 
holes. 

Studded Chain {Ejig.) A chain with Stayed 
Links {q.v.) 

Studio {Art). The workroom of an artist ; an 
atelier. 

Stud Wheel {Eng.) A wheel revolving on a short 
fixed axle projecting from the framework of a 
machine; especially applied to a wheel used in 
screw-cutting lathes to connect the w'heel on tlie 
mandrel vith that on the leading screw. 

Stuff. (1) A general term for material. (2) 
Woven material, (‘specially a woollen fabric. (3) In 
joinery the term is applied to wood. 

Stuff Che&t {Paper Mamifac.) A cylindrical tank, 
containing the stock of beaten puli) ready foi 
moulding in the machine. 

Stuffing {Leather Nanufae , ) Impregnating leat her 
with grease. The two terms “ stuffing’' and ^ curry- 
ing” differ only in degree, stuffing mccaning a hea^y 
currying. Theteim “curr\ing” is used when only 
a light oiling is applied, Ecr (.%iaiYiNG. 

Stuffing Box {Eng. ) Tlic device by whieh a steain- 
tighl joint is obtained where a piston rod ent(;rs a 
cylinder. The rod A passes through a hole in the ! 
cylinder cover, which fits tlie rod sinoothiy ; this h(do ! 
wMens out into a cvlijidrical chamber b of larger i 
diameter thfin the rod, and soft packing of asbestos. I 
etc., is placed in it so 
as to suiToimd the lod. 

The end of the recess is 
filled by a short tube 
or sleeve c, termed a 
Gland; this fits into 
the recess, and is bored 
out to such a size that 
the piston rod can move 
easily through it. Ihe 
gland is held in place 
by bolts, and compresses btuffinq box. 

the packing so as to fill 

the cavity round the rod, thereby making a steam- 
tight joint in which friction is reduced to a minimum. 

Style {Archaol.^ etc,) (1) An instrument of bone, 
metal, or ivory, with one end pointed and the other 
end blunt, the pointed end being employed for 
inscribing on wax-covered tablets, and the other end 
for erasing and for smoothing the surface of tlie 
vax. (2) A pointed tool used in engraving, etc. 

(3) The marking point of a telegraph receiver, etc. 

Style of the House i^Pypog.) A code framed 
for the guidance of compositors and others respect- 
ing punctuation, capitalisation, division.*!, spacing, 
etc. 



Styles {Carp, and Join.) The outside vertical 
members of a piece of framed work, such as a door. 

Stylobate {Architect.) The substructure support- 
ing a colonnade. It can be either in the form of a 

1 


BTYI.OBATE, TEMFLB OF CKRES, T^TUM. 

podium {q.v. ) or a series of steps. The stylobate of 
the Parthenon consists of three steps. 

Stypolene |1 {also called 

CH, 

ETHYLENE 8TYttENE\ A colourloss liquid ; boils at 
1-14"; aromatic srncll ; soluble in alcohol and ether ; 
polymerises on keeping, especially in light ; it occurs 
in the balsam Storax (1 to 5 per cent. ) and in coal 
tar. It can be obtained by distilling storax with 
water; by decompnsing /3-bromhydrocinnamic atdd 
(from cinnamic acid and hydrobromic acid) with 
caustic so*la — 

CH13r . riKVU., 

I ‘ = II ‘ + IlRr + CO, 

CUs,.COOH (TI, 

or by condensing benzene and acetylene with 
aluminium chloride. 

Suabe Flute {^fusio). An organ slop of wood, 
having an inverted mouth. Its tone is of a some- 
what sorrowful characti'v. It seldom goes below 
tenor (', but is grooved into a stopped diapason. 

Suave (Jfmir). Agreeable ; .sweet. 

Subaerial Denudation ( Ceol ) See Denudation. 

Sub-bass {J/usic). A pedal stop on organs of 
32 ft. tone. The term is, however, soniclinu-s used 
in the same son.se as, or instead of, bourdon, and then 
is of 16 ft. tone. 

Subdominant {^^vftic). The Xlnder-dfvnimant . 
The technical name \.>f the fourth iiotcj of .a scale, 
.so called from it.s being in the same position below 
the tonic as the dominant is above, 

Subito \,Mas\c). Suddenly : quickly. 

Subject (J/Vmc). (1) The principal phrase, or sets 
of phrases, constituting the complete theme of a 
movement. (2) The opening phra.se of a fugue. 
Cf. Answeb. 

Sublimation {Chem.) Strictly speaking, i.s the 
change of a solid to a gas without previous melting, 
.and the change of the gas back to the solid without 
liquefaction. But the term is often applied to a 
substance which melts on heating, and then boils 
and gives off a ga.s which condenses to a solid 
without liquefaction. Any snl).stance will come 
under the strict definition which has a sufficient 
vapour pressure at a temperature below its molting 
point. Thus c;uiJphor melts at 180^ but it sublimes 
at the ordinary temperature; this is due to the fact 
that camphor has a considerable vapour pre.ssure at, 
say, 15", .so that if a piece of camphor is placed under 
a bell jurat this temperature, the space is tilled with 
vapour of camphor, and part of it condenses again on 
the colder sides of the jar. Again, when sulphur is 
purified by distilling it in iron vessels and passing 
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the vapour into a large brick cbamber, the vapour 
Holklifics at first without liquefying ; this is not a strict 
sublimation, and the sulphur solidifies in this case 
because of the lowering of its temperature by expan- 
sion against the pressure of the air and the lowering 
of its vapour pressure owing to the vapour mixing 
with air. In the diagram let the horizontal line 
represent temperatures, the vertical lino pressures, 
the curve AB tl.e vapour pressure of the solid, the 
curve BD the vapour pressure of the liquid, and the 
curve BC the effect of pressure on the melting point ; 



then it is seen that at any pressure below that at the 
triples point B a solid mn pass into the state of vapour 
without liquefaction, and va]>our to solid witlif)ut 
liqucfactu'n. belect a j^ressure FE, and heat the 
solid in a vessel at temperature a, and let the vessil 
communicate with another* at temperature F ; then 
the solid will sublime without melting. lee melts 
at 0® very nearly, and the value of B is about 4*6 mm ; 
so that if icc is 'placed in a vessel the pressure inside 
whieli is ke]jt, say, at 3 inm. and the temperature O®, 
the ice wouhl slowly sublime, and might be condensed 
in a second vessel at the same pressure as the first, 
blit at a lower temperature. M.'iiiy substances arc 
purified by subliming them, as, for example, iodine, 
arsentous oxide, benzoic acid, ammonium chloride. 

Submarine Gable {Weet.^ A conductor or system 
of conductors, electrically insulated and provided u it h 
a strong < ovcring, proof against the action of st a 
water. Used chiefiy for telegraphic communication. 

Bubmediant The Under-mediant. The 

technical name of the sixth note of a scale ; so called 
from its being in the same ijosition, i,c. mid\yay, 
between tonic and the subdorainant in descending, 
as the mediant is between tonic and dominant in 
ascending. 

Bub-octave ^Music). A coupler in an organ which 
causes the note an octave below the note i>layed to 
fall. 


BubBtitution {Chem.^ The replacement of one or 
more atoms in the molecule of a coiiqxmnd by one or 
more riitTermt att)ins or groups of atoms, the valency 
of which is ccpial to that of the atom or atoms 
rcjihiced. The j)rodiict of such a change is called a 
substitution product. As an example of substitution 
mav be given the action of chlorine on acetic acid : 


CH, 0I1.,C1 CIICT^ 

coon coon coon 

Acetic AoJct Mimochloracotic Dichl*jrauotic 
/ cid. Acid. 


CCl, 

ioOH 

Triciiloriicotic 

Acid. 


^ great part of the reactions of organic chemistry 
are substitution reactions, and organic chemistry 
has been defined as the chemistry of the hydro- 
carbons and their derivatives, that is, their substitu- 


tion products. The substituent, as the entering 
group is called, always changes the properties of 
the original compound ; thus in the example above 
the strength of the acid increases with the number 
of chlorine atoms. In some classes of compounds 
rules are known relating to tlie place where a 
substituent will enter; thus in the fatty acids 
halogens enter the group next to the carboxyl group. 
In benzene, if a hy^ogeu atom is substituted by one 
of the following, Cl, llr, I, CH„ and other alkyls, 
Cllfil, CHjCN, CIUCOOH. OH, OCHg, Nil., 
NHCOCHg, — N — N — , a new substituent 

enters the ortho- or })ara-position, and little or no 
meta-derivative is formed ; but if a hydrogen is 
substituted by one of ibe following, NO^, SO.jOH, 
CHO, COOH, COCII 3 , CN, a new substituent will 
enter the meta-position, and little or no ortho- and 
para-dcrivative will be formed. 

Bubtonio (ilfaric). The Leading Note 

Buccentor (^Mtuicy The deputy of the Pbecentor 

Buccinic Acid ( CJiem.) 

cn.,cooH 

White monoclinic prisms ; melts at 185® ; boils at 
235®, vyith decomposition into anhydride, 

CH,.COv 

and water ; soluble in water and alcohol ; sparingly 
soluble in ether. It occurs in amber, many resins, in 
turpentine, in the oxidation of fats with nitric acid, 
in the alcoholic fermentation of sugar, and in urine. 
It can be prepared by the distillation of amber ; by 
fermentation of ammonium tartrate in presence of 
small quantities of potassium phosphate, magnesium 
sulphate, and calcium carbonate to serve as food for 
the ferment. The fermentation starts on exposure to 
air, and with 2,000 grs. of tartaric acid it is com- 
plete in about seven weeks at 25® to 30®. The liquid 
i.s concentrated, cleared by albumen, precipitated 
with lime, and the calcium succinate decomposed by 
sulphuric acid ; it is also formed by formciitation of 
calcium inalate. 83 mthctically it can bo obtained in 
many ways, c.y. from malonic acid (g'.v.)* ^ 

similar way from ethyl acotoacetato from 

ethylene by the following reactions ; 

CH., CH.Br Cn..CN c:iT..COOII 

II ' I I “ -^1 

CII, J^r OHgbr KCN CH.CN 11,0 (;H.,COOH 

With phosphorus pentachloride it gives either the 
anhy^dride or succinyl chloride : 

CH,. CCl, 

I >0 

cHj.co 

Its sodium .salt on distillation yields ^^-dikctoliexa- 
nietliylene : 

(^H,,COONa NaOOC.CH, CHa— CO— CH, 

I + I « 2 Xa,CO,+ J I 

CH,COONa NaOOC . CII, C H, — CO— Oil , 

When heated with phosphorus trisulphide it yields 
thiophene (^.».) llEsonciK. 

Buccinimide See Pvtibole. 

Buction (Awy., etc.) The drawing of fluid into a 
vacuum produced by the movement c;£ a piston or 
plunger in a pump barrel. 

Suction Pump. See I’umps. 

Buffolks. See B&icks. 
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Su^ar Cane* Cane sugar is prepared from the 
juice of the stem of a tall, strong perennial grass, 
Sacehurum ofUcinartim (ortler, Graminem), growing 
in tropical ’ and subtropical regions. Molasses, 
treacle, and rum are derived from the sugar cane. 

Sugar made from Ragi, eto. (C/tem.) See 
Cellulose. 

Sugars Compounds) (1) of the formula 
R - (CHOIl)n — CHO, where R is hydrogen or occa- 
sionally CH, and n — 1, 2, 3, . . . etc. ; (2) of the 
formula 11 — (CHOH)n — 00 - CHpH, whore R and 
n have tlie same meaning as in (1) ; (3) derived from 
( 1) and (2) by anhydride formation between a mem- 
ber from each or between two members from (1) or 
between two members of ( 1 ) and one member of (2). 
Members of Class (1) are called aldoses because they 
are all aldehydes ; members of Class (2) are called 
ketoses because they are all ketones. Members of 
each class are distinguished by the number of carbon 
atoms they contain (not counting R), and it will be 
seen that the simplest member of Class (1) contains 
two carbon atoms — 

CHjOH 

CHO 

It is a biosc; the simplest member of Class (2) con- 
tains three carbon atoms — 

CIT,0U 

CO 

I 

CIT3OII 

It is a triosc, and to distinguish it from the tripse of 
Class (1)— 

CIIsOH 

CHOir 

<!;ii() 

the former is a ketotriose and the latter is an aldo- 
triosc. A mixture of these two trioses i;» obtained by 
the cautious oxidation of glycerine C/.t*.), and has 
been called glycerose, and glycerose has becui used 
in the synthesis of sugars. See Dextrose, The 
six carbon atom sugars are called hexo&es, also 
.saccharoses ; members of Class (3), derived fiom two 
saccharoses, are called disaccharoses, etc. (sometimes 
disaccharides j. Most of the sugars are known by 
names given to them before any systematic way of 
naming them was in use, and these names are re- 
tained; also the above names serve only as class 
names, and would not serve to <li.stinguish between 
stereoisomers, which arc very numerous in the sugars. 
Examples of sugars are : Riose (glycollic aldehyde), 
CH,OII 

CflO 

trioses, glycerose ; tetroses, erythrose (*fie vnder 
Euythritol) ; tetroses, arabinoso {q.v.)’, methyl- 
pentose, rliaTiinose (j^.r.) ; hexoses, dextrose (q.v.\ 
laevulose galactose (^.r. ) ; disacobaroses, cane 

sugar (y.r.), maltose (ff.r.), lactose tiisacclia- 

roses, raffinose iq.v.) For the properties of a 
ty})ical aldose, Me Dextkohe ; of a tyx>ical ketose, 
see bJETULOiSE. See also OSAZONES and OxiHES. 

Saint. The natural grease impregnating freshly 
cut sheep's wool. It is the raw material from which 
ianoline iq.e,') is prepared. 


Suite. (1) A series of apartments connected 
together. (2) A number of pictures illustrating oon^ 
sccutive events. 

(^MusUs), A set of dance tunes in one key. 

The precursor of the Sonata iq-vJ) 

Buivez (Musie.') A term warning an accompanist 
to bo extra watchful. 

Sullage (Mel.) Dross, scoriae, etc., which collect 
on the surface of fluid metal. 

C.NIL 

8ulphanilioicid(f:ftm.) 

HCk^CH 

6 

80,0H 

Crystallises in rhombic plates containing one inole- 
cnle of water ; sparingly soluble in cold water, more 
soluble on lx>iling ; the crystals effloresce ; fused 
with caustic potash, it gives aniline; bromine w^ater 
converts it into tribromaniline ; on oxidation with 
manganese dioxide and sulphuric aciil it gives 
qiiinoncs ; it is easily diazotised. To prepare it 
aniline (100 parts) and sulphuric acid (1(»5 parts) 
are boated at. IW to 220°, till all the aniline is 
changed. Sulphanilic aedd i.s largely used in the 
preparation of dyes, e.q. methyl orange. 

Sulphate of Baryta (J/i/i.) A synonym for 
Barytes (q,r,) 

Sulphate of Iron (Min.) See (Copperas. 

Sulphate of Lead (Mtn.) Anule-site. 

Sulphate of Lime (Min.) See Gypsum. 

Sulphate of Btrontia (Min.) Si'c Cflestixe. 

Sulphates ( ^7/e^/^) Salts derived from sulphuric 
acid. The more important sulphates are described 
under the respective metals, q.r, ^ 

I Bulphatlng ( Eleet. Ena.) A defect due to the 
formation or lead sulpiiate on the plate.s of ii 

I secondary or storage cell. 

Sulphides {(Jh'-vt.) Coniponnds formed by the 
union of sulphur with another element or group of 
elements acting as a single element. The Jiietallio 
sulphides may be regarded as salts of hulj>hiirettetl 
hydrog'-n. Tlie more important sulphides are de- 
scribed under the respective metals, eto. 

Sulphitea (Chem.) Balts derived from sulphurous 
at .id. The more important sulphites are dc.soribed 
under the respective metals, etc. 

Sulphite Wood Pulp (Paper Mamifae.) I’ulp 
prcpiircd from wood by treatment with bisul2>I:ite of 
lime uud(!r pressure. See Wood I’ulp. 

Bulphocyanatea (Chem.) (also colled Bulpho- 
cyanideB). Halts of the unstable sulphocvanic acid, 
IICNB. The most imfiortant sulphocya nates are 
those of potassium, aniiuonium, mercury, and silver. 

' Ammonium snlphocyanate closely resembles the 
potassium salt (see Potassium Compounds; ; it is 
obtained by warming a mixture of alcohol, ammonia, 
and carbon disulphide ; like the cyanate, it undergoes 
rearrangement on heating — forms Bulphourca. See 
Guanidine. Tim mercuric salt, Hg(CNS)j, is formed 
by double decomposition ; it is the substance nsed in 
making Pharaoh’s serpents. TTie silver salt, AgCNB, 
is also made by double decomposition, and is 
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insoluble in nitric acids. Ferric sulphocyanate gives 
a blood red coloration in water, and its fonnation is 
used as a delicate test for ferric salts. 

Bulphonal (C7im.) (CHAO (Diethyl 

sulphonedimetbylmethane). ThickfColourless prisms ; 
melts at 12G^ ; boils about 300° ; sparingly soluble 
in cold water, much more soluble in hot water ; 
sparingly soluble in alcohol ; soluble in chloroform. 
It is a good hypnotic, and is used in medicine. It is 
a very stable substance; heated with potassium 
cyanide or charcoal it gives a smell of mercaptan ; 
fused with caustic potash it gives a smell of mustard 
oil. It is prepared by treating sodium ethyl thio- 
sulphate (from aqueous solution of sodium thio- 
sulphate by heating with ethyl bromide) with acetone 
and hydrochloric acid, when acetone mercaptol is 
obtained. The thiosulphate and hydrochloric acid 
give mercaptan, 

(CH,),co + 2HS. a,H5 = (CH,)aC(sc,n5), + n,o. 
The acetone mercaptol on oxidation with potassium 
permanganate gives sulphonal. Also obtained by 
condensing aldehyde and mercaptan with hydro- 
chloric acid, oxidising the product with potassium 
permanganate, and dissolving the cthylldene dicthA 1- 
sulpbone with methyl iodide in benzene, and adding 
sodium ; 


CII,OHO 






‘5 O 

Elhylidcuo Mercaptol, 


NSOjCjHs 

Ethvlidene Diethylsalphonc, 
M.P. 75®. 


IJ.P. U'C® 


Bulphonation {Cham.) The operation of making 
sulphonic acids. 

Sulphonic Acids (Chem.) Acids of the formula 
R.SOj.OH. They are strong acids isomeric with 
the corresponding sulphites. The alkaline sulphites, 
however, have most probably the sulphonic constitu- 
tion. Example.s of inorganic sulphonic acids are 

clilorosiilphonic acid, from .sulphuric acid 

by the action of phosphorus peiitaohloride, and 
hydroxy lamine disulphonic acid (salts only known), 
obtained by passing sulphur dioxide in a solution in 
molecular proportions of potassium nitrate and 
bicarbonate — 

HO . NO + 2II . SOjOII = HO. NCSO^OIl)., + 11,0 
The sulphonic acids of Oie fatty series arc not a ery 
important ; they may l>e obtained by oxidi.^ing 
mercaptnus (q.v.) with nitric acid. Taurine O/.r.) 
is a fatty sulphonic acid of pliysiological interest. 
The aromatic sulphonic acids arc of great technical 
Importance; unlike the fatty acids, they can be 
obtained by the direct action of sulphuric acid on 
aromatic comjx)unds. All suljdionic acids yield 
chlorides when their alkali salts are treated with 
phosphorus chlorides, and the sulphonic chlorides 
easily yield sulphonamides when treated with 
ammonium carbonate — 

R.S0,0K RS0,C1 RSOsNII, 

I’Clj Nil, 1100, 

For examples of sulphonic aeiils, sea Henzenk 
Sulphonic Acid; the various Naphthalene 
Derivatives; Saccharin; Sulphanilic Acid. 

Sulphur {Cham.) S. Atomic weight, 3206. A 
yellow solid elemtmt Avhich belongs to the saine 
chemical family as oxygen, Group VI. of the Periodic 


System. It is capable of existiz^ in many different 
forms : a- or rhombic form : this occurs naturally* 
and is obtained in octahedral crystals, when any 
solution of sulphur in carbon disulphide is allowezl 
to evaporate at the ordinory temperature ; it melts 
at 114*5°. This form can exist in various crystalline 
modifications. or monoclinic sulphur is obtained 
in monoolinic prisms by melting sulphur, allowing 
it to cool till a crust forms, piercing the crust in 
several places, and pouring out the still liquid 
sulphur; it melts at ]19'2o° is soluble in carWn 
disulphide, and exists in at least three crystalline 
modifications. The transition point for «- and 
jS-sulphur is 95*5° ; hut if a-sulphur is heated some- 
what above this temperature it will not pass into 
the /3-form, owing to phase inertia. On touching it 
with a crystal of j9-sulphur it will change at once ; 
similarly /S-sulphur can persist for a while, but 
ultimately passes into the a-form at the ordinary 
temperature. When benzene is saturated witl'i 
sulphur at its boiling point, the solution will de- 
posit the )3-form above 75", ll*en a mixture of /3- and 
a-forms till 22°, below Avlii^lj a-sulpbur cr3'stallise3 
out. The change of ^ to a is accompanied by 
I evolution of heat. Vhen sulphur near its boiling 
point is poured into cold water, plastic sulidmr is 
obtained, an cla.rtic solid becoming brittle on stand- 
I ing, and insoluble in ciirb<in disulphide. Milk ON 
I Sulphur, whic h is us(*,d in medicine, is amorphous 
j and soluble in carbon disulphide ; it is obtained by 
j boiling flowers of sulphur (2 parts) with quicklime 
1 (I part) which has been slaked with 3 parts of 
I water, and 13 parts of water, and precipitating tho 
! solution with hydrochloric acid. When sulphur is 
! heated above its melting point, it changes from a 
' palc^vllow liquid to a red liquid at 156’’, increases in 
. viscosity to a maximum at 180°, and then diminishes 
I in viscosity to its boiling point at 444*5°. Its vapour 
I density ju.st above its boiling point indicates a com- 
I plex molecule, probably Hj, but about J,C00° its 
vapour density corresponds to that of a diatomic 
I molecule, S,. Its molecular Aveight, determined by 
{ the lowering of the freezing point (in naphthalene) 

{ and by tho raising of the boiling point (in carbon 
I disulpliide), corresponds to Sg. Sulphur combines 
directly Avitli most of tlie other elements on beating, 
j and wilh some at the ordinary tenii)erature. In air 
, it slowly combines with tl.o oxygen at i he ordinary 
' temperature, forming the dioxitie ; in oxa gen it unites 
j at about 276° or in air at .360°, and burns AVith a blue 
: flame ; the principal ])rodui;t being the dioxide, only 
; a trace of the trioxide is formed. It combines with 
j mercury and silver at the ordinary temperature. 

I Sulphur occurs uncombined in all volcanic regions. 
In combination it occurs as sulphides, such as iron 
pyrites, FeS.j, cr)])per pyrites, CuFeSj, galena. TbS, 
zinc blende,’ ZnS, cinnabar, HgS, stibnite, 8b^Sj, 
orpiment, As.,Sj„ realgar, AsjjS,; as sulphate®, such 
as gypsum, CaSO,2ILO {see also Alaba.ster and 
Selenite), heavy spar, HaSO^, ceJestino, SrSO^, 
kiescrite, MgSOjllgO; it also occurs iu combination 
in hair, proteids. mustard oils, bile acids, and as 
sulphuretted hydrogen in many mineral springs. Most 
sulphur IS obtained iu Sicily ; the crude sulphur is 
. built up in stacks on a sloping floor, the stack being 
I covered with spent stuff from a previous operation ; 
air openings are provide<l iu the stack and cover, and 
the sulphur is ignited, when it melts and flows out 
at the lowest part of the floor into troughs. It Is 
purified by distillation in an iron retort, and con- 
densation in a large brick chamber ; the first portions 
' are solid and form the fiowers of sulphur of com- 
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mcrcc ; but when the chamber gets hot the sulphur 
melts, and this part is cast, forming ordinary stick 
sulphur. A certain amount of sulphur is obtained 
from alkali waste by Chancels process 

Bnlphup (Min,) Native sulphur; oi^orhombic, 
also ma.^sive and in incrustation ; yellow to reddisli. 
It is one of the group of minerals often associated 
with Gypsum. Earely found in metalliferous veins, 
as at Dufton mines in Westmorland. Considerable 
deposits occur in volcanic regions, as in Sicily, near 
Naples, in Iceland, Java, etc. Also from Spain, 
Chile, California, Hawaii, etc. 

Sulphur Compounds (^Chem,) Htdrogen Sul- 
phide, IloS (Sulphuretted hydrogen). Is a colourless 
gas ; molls at —86*' ; boils at —62° ; soluble in water 
(1 vol. of water dissolves 3-23 vols. of the gas at 15°). 
It has a fcctid smell and is very poisonous (0*05 per 
cent, in air produces marked symptoms of poisoning 
in a few minutes). On heating, the gas begins to de- 
compose into its elements at 400^. It burns easily in 
air or oxygen — to sulphurdioxide and water when the 
supply of oxygen is sufficient ; to sulphur and water 
otherwise. The halogens decompose it, chlorine, for 
example, giving sulphur and hydrochloric acid, or if 
the halogen is in excess, sulphur chloride and hydro- 
chloric acid. Many metals decompose it : thus silver 
is blackened by it. being changed to sulphide, and 
tin, when heated m the gas, also decomposes it. 
Hydrogen suli)liidc is a reducing agent, as the follow- 
ing examples show* : 

2FcCl, + H,S = 2 F 0 CI 2 + 2HC1 + S 
2KMnO, + 4U..80, + 5 H..S 2K11SO, + 2MnSO, + 

8TI/) + .IS 

2HsS + S02«2Il30-r3S 

A solution of the gas in water behaves as a feeble 
aoi<l ; when the gas is passed into solutions of alkalis 
it forms salts : 2KOH + llg-S^ K.jiS + 211^0 and K< >H 
+ H,j 5 S = KSH 4 HoO. On passing the gas into a 
soluCion of a salt of a metal wrhich forms a sulphide 
insoluble in water, that sulphide is precipitated, com- 
pletely if tlie sulphide is insoluble in the dilute acid 
liberated, incompletely if the sulphide is soluble in 
the dilute acid liberated, e.g, 

HgCl. 4 II, S IlgS + 2HC1 

IriMtiluble. 

Prociiiitution coiuiilete. 

ZnKO, 4 n,S=ZnS + H,SO, 

Soluble. 

Preciiutation iiicomiilete. 

Hence the use of hydrogen sulphide as a reagent in 
qualitative analysis (q.v.) Kulydiuretted hydrogen 
occurs as a product of the putrefaction of proteid ; it 
also occurs in many mineral waters, such as those of 
Btrathpeifer and Harrogate. It is obtained by pass- 
ing hydrogen into boiling suljihur or for ordinary 
laboratory pui-ymscs by the actitm of dilute hydro- 
chloric or sulphuric acids on ferrous suljihide. Wlicn 
required pure, black antimony sulphide is heated 
with concentrated hydrochloric aci<l. The gas Is 
easily recognised by its turning strips of filter payier 
which have been diyipcd in lead acetate solution 
black, or by its smell, Jlaln/fen Compounds: The 
Hhxafluoiude, BFg, is a colourless, oilourle.ss, and 
very stable gas ; it is obtained by the direct action of 
fluorine on sulphur, when the sulphur burns and forms 
-a mixture of fluorides. The mixture is liquefied at 
—80°, fractionally distilled, treated with concen- 
trated caustic potash, and dried over solid potash. 
Sulphur Monochlobide, is a reddish yellow 
liquid ; boils at 138° ; has unpleasant smell ; readily 
dissolves sulphur, and is on. this account used in 


vulcanising indiarubber ; it is decomposed by water, 
but not in a simple way. Among the products are 
sulphur, sulphuf dioxide, and hydrochloric acid; 
metals yield chlorides and sulphur. It is prepared 
by passing dry chlorine over gently heated sulphur, 
leaving some undissolved sulphur, and rectifying the 
product till it boils constantly at 138°. The remain- 
ing halogen compounds are unimportant. Oaridett : 
SULPHUB Hioxidk, BOj (Sulphurous anhydride), is a 
colourle.ss gas; melts at —76°; boils at — 8 °; has a 
keen, choking smell ; very soluble in water ; at 0 ^ 
1 vol. water dissolves 79*79 vols. of the gas, and 
at 20°, 39*37 vols. It is a very heavy gas, being 
just over two and a quarter times as heavy as air. 
Bulphur dioxide is decomposed by strong sunlight to 
sulphur and sulphur trioxide, and electrio spark.s 
prmlnce the same effect, but tho decomposition is not 
complete. It unites directly with chlorine in sun- 
light to form Bulphuryl chloride, 80,4 Cl..«S 02 Clg. 
It unites witli oxygen when the two gases, dried over 
sulphuric acid, are passing over heated platinum 
black, BO 2 4 O * SOg. A iiiiinber of metals burn in it 
when heated, forming sulphido.s and oxides, aufl in 
the case of potassium, siil})hite and thiosulphate ; 
lead dioxide unites energetically with it to form 
lead sulphate. The solution of sulphur dioxide im 
w’ator bibaves as a weak diUisio acid — Sulphurous 
Acid, SO.^ 4 Ih.O ^ 11.^80^ ; its salts are called Sul- 
phites. *Suli)huroiia acid unites with oxygen to 
form sulphuric acid, and is therefore a reducing 
agent, a disinfectant, and a bleaching agent. As 
examples of il.s reducing action may be given : 

Fe,.(SO,)g 4 H .SO 3 4 H.X) =«2FeSO, 4 2H..SO, 

‘ 2Cr( )g 4 3 H.^S 03 ^Cr,(SO ,)3 4 3H./)' 

Orattgo. (irceu. 

V 

As a disinfectant it is used in rooms w*bich have 
been occupied by persons suffering from infectious 
diseases. As a preservative it is used in solution for 
painting over meat in w'lmn weather. In bleaching 
it is used for material w’bich would be injiiu'd by 
chlorine, such as blankets and straw. The gas fllay 
be prepared in a variety of W'ays, c,g. by burning 
sulphur in air or oxygen, by tbo action of most acids 
on .sulphites, by heating copixjr, mercury, silver, or 
carbon with concentrated sulphuri^ acid when the 
latter is reduced to sul])huroiis acid. The gas is 
easily detected by its smell and its property of turn- 
ing a strip ot filter papi r moisteiiod with a solution 
of a chronial e green. Bulphuk Tbi OXIDE. BO 3 (Sul- 
pliuric anliydride), is a wdiite solid crystallising in 
silky needles or in prisms ; melts at 15° ; ccypabines 
with gre-at energy witli w'ater to form sulphuric acid, 
and with basic oxides to form salts: thus barium 
oxide becomes red hot and forms the sulphate. It is 
prepared by direct union of tho dioxido and oxygen 
in jirescnco of heated, finely divided platinum. Both 
gases must bo dry, and so, too^ the apparatus ; it may 
also be prepared by distilling fuming sulphuric acid. 
By the former of these methods it is prepai-od on a 
very largo .scale for the manufacture of concentrated 
sulphuric acid and fuming sulphuric acid. Bul- 
PHUBic Acid, H,.S 04 (oil of \itriol), is a colourless oily 
liquid which funies slightly in air; melts at 10*5°; 
sp. gr. at 1.5°, 1-838; boils, with decomposition into 
anhydride and water, and its boiling point attains a 
maximum at 338°. The ordinary pure concentrated 
acid of the laboratory contains about 96*6 per cent. 
I^SO^, and has a specific gravity of 1-84 at 16° Acid 
or 97 '7 per cent, has a specific gravity of 1*8415, and 
acid of 99*2 per cent, has again a specific gravity of 
1*84. The acid of strength between the last two 
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ax)pears to have some remarkable properties ; thus it 
absorbs sulphur trioxide far better than at any other 
concentration ; the maximum boiling point is possessed 
by an acid of U8*5 per cent. ; further, acid over 97*7 
per cent, has a peculiar action on cast iron, for when 
heated in cast iron vessels they do not appear to be 
attacked, but after a while they will suddenly break. 
Such acid can be heated in wrought iron vessels 
without these being attacked. Sulph Aric acid unites 
with water to form several definite hydrates, e,g. 
HobO^IIjO, which is a crystalline solid and melts at 
8°,‘ and II.^S0^4H.,0, which melts at —25®. On mixing 
the acid with water, nruch heat is given out; the 
mixture in gram molecular proportions evolves 6,335 
calories, while every extra gram molecule of water 
added gives a less and less amount : thus, when 5 
gram molecules of water have been added, the total 
boat evolved is 13,020 calories. On account of its 
afiinity for water, sulphuric acid is often -used as a 
drying agent : thus gases not acted on by it are 
i)ubbled through it to dry them, and substances are 
often dried by exposing them in a basin over strong 
sulphuric ad il in a closed vessel (desiccator), which 
may or may not be exhausted of air. Also the acid 
will often take away the elements of water from a 
compound when allowed to stand with it, or on hcat- 
• Ing wdth it ; e.tj. blue copper sulphate becomes white, 
formic add on heating gi\es carbon monoxide, oxalic 
acid gives both oxides of carbon, cane sugar gives 
charcoal and water. The more easily oxidisable 
metals are oxidised to sulphates when heated wit h 
the strong acid, while Tlie part of the acid 
which has clteoted the oxidation is reduced to 
sulphurous acid. Mariy ling compounds arc 
converted by beating with the strong acici into 
sulphonic acids Wh(yi the strong acid is 

heated with salts of acids more volatile than sulphuric 
ae.id, a sulphate is formed, and the more volatile 
acid will cscai)e if the reaction mixture is kept at a 
suitable temperataro : the prei>aration of hydro- 
chloric acid, nitric acid, and ghioial acetic acid arc 
illiistrathms of this statement. 'J’ho diluted acid has 
file properties of a strong dibasic acid, dissolving 
many metals, with liberation of li\drogcn and 
formation of a sulphate, and conv<*rting many basic 
oxides, hydroxides, carbonates, and sulphides to 
sulphates. The 'less concentrated acid is prepared 
by allow’ing a mixture of Kuli)hur dioxide, air, higher 
oxides of nitrogen, and steam to react in leaden 
chambers at about 60°, wheu a complex scries of 
reactions occurs, such a'^-- 

* - Bn. + II..O + Nt\=]ToSt\ + NO 
‘ N() + 0->d, 

/On 

’ 2SO, + U.O + NOa + NO + 0, = 2S0/ 

/Oil /OH 

2S0/ +II/)*=280/ +NOa + NO 

‘\no, \oh 

from which it is seem that the oxides of nitrogen act 
onlv as carriers of oxygen. The most concentrated 
acid and also fuming sulphuric acid are prepared by 
passing washed dust free and dried sul])hur dioxide 
and excess of air over platinised asbestos, which is 
heated to about 425® to start the reaction, then cooled 
by the entering gases subsequently, as the reaction 
once started cvtilvos heat. Ordinary concentrated 
sulphuric acid (05-6 per cent.. Il,SO,) can be converted 
into 100 per cent, acid by freezing or by adding 
the calculated quantity of sulphur trioxide. ojJc 
SuLPHUBic Acid Manufactcke. Sulphuno acid 


is used on an enormous scale in the manufacture of 
sodium carbonate ; of other acids, such as nitric and 
hydrochloric and acetic; in oil refining, in indigo 
inaking,.«in^ the manufacture of many dyes. ACZD 
CllLOBlDiUk OF SULFHURIO AOID : (1) Chloro- 

sulphonic acid, BO^ \oh* ^ colourless fuming liquid ; 

boils at 152°. It is obtained by the direct union of 
sulphur trioxide and hydrogen chloride — 

SO, + HCl=SO,<^Qg 

and by the action of phosphorus pcntacbloride on 
sulphuric acid — 

/OH /Cl 

BO,( + FC1,« BO/ + rOGl, + HOI 

' \0H \on 

(2) Bulphuryl chloride, bO 2 <^ 0 j, is a colourless 

faming liquid ; boils at 69”. It is occasionally used 
i\s a chlorinating agent in organic chemistry. It is 
made by the direct action of chlorine on sulphur 
dioxide in sunlight, or by boiling chlorosulphonic 
acid with mercuric sulphate (1 per cent. : it acts 
as a catalytic agent). I5u(h these chlorides of 
sulphuric acitl are of interest as throwing light on 
the cqnstitution of sulphuric/ acid, for bqisides the 
methods of formation which show their relation to 
sulphuric acid very clearly, they are both decom- 
posed by water into hydrochloric and sulphuric 
acids — 

/Oil /OH 

SO.,{ -h 11011 -BO./ -^ITCl 

\ci Aon 

/Cl /Oil 

B0.( + 2nOH = BO./ -h 2HC1 

Aci \0E 


FuMiN(; Bulphurio Acid, (Nordhansen 

■ sulphuric acid ; 1 )L-^idphiiric acid ; l*i rosulphiiric acid), 
! is a colourlc.s'^, oily, fuming liquid. It gives off 
sulphur trioxide on warming. Unites with great 
energy witli w’atcr. It is used in the preparation of 
aromatic sulplcuiic acids. Jt forms a definite series 
of salts, of width the sodium salt is t.vpical. This 
salt is obtained by carefully heating acid sodium 
sulphate — 


/OMa 

/ ONa 

BO," 

\0T1 

B0,^\^ + 

/Oil 

BO,/ 

so/ 

AONa 

\ONa 



+ H.,0 


The acid is prepared by i)as.sirig sulphur trioxide 
into concentrated sulphuric acid, also by distilling 
jfartially roasted ferrous sulphate. As a manufac- 
turing process the latter method has been replaced 
by the former. Ordinary fuming sulphuric acid is 
usually a mixture of disulphuiic acid and ordinary 
sulphuric acid or sulphur trioxide, according to the 
strength of the fuming acid. I^eusclphuiuc Acid, 
yOUllOX 

'SO,/ 

\ 0-0 / 




The pure substance is unknowTi. An aqueous solution 
is obtained by decomposing barium po'-sulphate with - 
dilute sulphuric aciil. The anhydride is obtained 
by passing a silent electric discharge through a 
mixture of sulplnir dioxide and oxygen, as an oil 
which crystallises at 0 °, and has the formula S., 07 ; 
hut when water acts upon this it decomposes in part 
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to fcuJ}jljurio acid and oxygen. When strong sulphuric 
acid acts on a persulphate, persnlphuric acid is 
liberated, but a part of it reacts with the sulpharic 
acid to form another acid— anhydromonopersulphuric 
acid. When strong sulphuric acid is electrolysed or 
treated with hydrogen peroxide, persnlphuric acid is 
formed, but the excess of sulphuric acid conyerts some 
of it to anhydromonopersulphnric acid. It forms 
a whole scries of salts, of which the potassium salt is 
the least soluble. See ToTASSlUM Compocnds. 
ANHYDBOMONOPISBSrLPHUBlC AcxD (Caro*s acid) : 

Monopcrsulphuric acid has the formula 

but it is unknown. Its anhydride, therefore, will 
have the formula 

/O-OHHO-Ov 

SO, 


which is Caro’s acid. This acid is not known pure, 
but forms a pretty stable sulphuric acid or phosphoric 
acid solution, w'hich also contains persulphuric acid. 
Such a solution may be obtained by grinding one 
part of potassium persulphate with two parts of 
concentrated sulphuric acid, allowing to stand an 
hour, pouring on to ice, and precipitating sulphuric 
acid by barium pho^sphate. That it has the anhydride 
formula is shown by the fact that its calcium salt on 
hydrolysis decomposes thus : 

CaS^Oe + 11,0 = CaSO, + + 20 

Caro’s acid is much used as an oxidi.sing agent 
in organic chemistry. See Nitboso Compoukps. 

Thiosulphuric Acid, 

free acid is unknown, for when an acid is added to 
a thiosulphate to liberate thiosiiliibiirio acid, the 
liberated acid immediately begins to decompose — 
H,,S,()3=IT,0 + S0,+ S 

See TiiiosFLrnATKS and Sodittm Compounds. Other 
sulijbiir acids are known, Dithionic acid, 
Trithionic acid, H,SgO(„ etc., up to IJcxatlnonic*acid, 
IJjiSeOg. For other inorganic sulpliur compounds stc 
Carnon Disulphide, Hyposulphubous Acid, 
and Hyposulphites. l^Iany organic suljhur com- 
pounds are known {^ c . g . see Mercaptans, Mustard 
Oils, Sulphonic Acids). When four different 
monovalent atoms or radicals arc united to a sulphur 
atom, stereoisomerism is possible (asymmetric 
sulphur atom). Thus, wdien a-bromacctophenone and 
methylcthyl sulphide are allowed to act on each 
other, fiicy readily react to form methy lethylpbenacyl- 
sulphinc bromide — 


CH.\ 


S + BrCn,CO.C.Hi 


cn,\ /'cn,coc,Hj 

sBr 


This compound, when boiled in alcoholic solution with 
silver rf-bromocampborsulphonate, yields a salt 
which by fractional crj^stallisation can be separated 
into the <f-bromocamphorsulphonate of the lasvo- 
iMase, which is the less soluble, and the <f-bromo- 
camphorsulplionate of tbe dextro-base, which is 
contained in the mother liquors, and is purified by 
crystallisation from acetone. 


Sulphuric Acid Manufacture. Chamber Process : 
The “chamber” into which the nitroxygen gases, 
sulphur dioxide, and steam (or atomised water) are 
led in order to form the “ rain ” of acid is a large 
rectangular arrangement composed of a “ saucer” and 
“ curtain ” (g.r.) usually supported on a fioor carried 
by brick pillars about 12 or 15 ft. above the ground. 
The curtain is suspended by straps of sheet lead trom 


a wooden framework or scaffolding. The yield of 
acid is gauged by the “ acid drip ” (fi^.r.) The sulphur 
dioxide passes up the Glover Tower (^.v.) before 
entering the chamber, while tlie exit gases are 
scrubbed with sulphuric acid in a Gay Lussac Tower 
iq.v.) in order to retain any nitroxygen gases that may 
escape. These are returned to the chamber by means 
of the Glover Tower. The resultant chamber acid is 
syphoned out of the saucer and concentrated to a 
specific gravity of 1 *7. It is also further rectified in 
glass or platinum lined retorts. The commercial 
products are known as B. O. V. (Brown Oil of Vitriol) 
and R. O. V. (Rectified Oil of Vitriol), The size and 
disposition of the chambers are of importance. It is 
now customary to allow 12 or 13 ft. of chamber space 
per lb. of sulphur burnt ; also the cliambers should be 
at least four times as long as they are high. The 
introduction of the gases at the bottom of the chamber 
is now accepted as profemblc. The object of such 
large chambers is to dissipate tbe heat evolved during 
the chemical reaction. The introduction of J’late 
Towbks between the chambers, in a series, is now 
often adopted, tlic passage of the gases being assisted 
controlled by fans. These plate towers are 
rectangular or round, and are packed with porcelain 
saucers or reticulated plates about 3 ft. in (iiameter, 
down which water or weak acid passes, meeting the 
gases as they ascend. A system of tangential 
chambers is being introduced, but at present is only 
in the cxperimenlal stage, though on the large scale. 
The nitroxygen gases required (vide Chamber Re- 
actions, sujfra) arc always obtained by beating 
cubic nitre (nitrate of sodium), commonly known as 
Chili saltpetre, with siilplmric acid in nitre pots. Tbe 
source of the suli)hur is of considerable im])ortance, 
and the finished product is generally classified for 
trade pujposcs ns ])yrites acid, spent oxide acid, and 
l»rimstono acid, accjording to the source of sulphur. 
There is always the risk of arsenical contamination 
when iron pyrites (FeS.^) is used (see 1*vhite» 
Burner), which is objcctiona\>le in the case of^acid 
destined for use in the bicwing or mineral water 
industries. Brimstone acid is tlie purest for sucii 
puiposcs, being made with sulphur dioxide obtained 
by burning Sioiliaii sulphur, bpeut oxide acid is also 
virtually a pure sulphur acid, since spent oxide is 
bjdrated oxide of iron which has been saturated with 
sulphur compounds and free sulphur in tlie purifica- 
tion of coal gas (q.v,) It is often preferred on this 
account for the manufacture of sulphate of ammonia, 
which is largely used as a fertiliser, in which arsenical 
compemnds would be objectionable. Care must be 
exercised when working with unwashed spent oxide, 
or trouble will be experienced with the acidity of the 
chamber exit, which is restricted by law to 4 grains 
per cubic foot, calculated as sulphuric anhydride. 
The average acidity from all chambers in the United 
Kingdom during the past few years has been about 
1-2 grains per cubic foot. Some spent oxides rich in 
ammonia and other nitrate-consiuning compounds 
cannot be used without previous washing. Though 
the chemistry of the formation of sulphuric acid is 
at first sight comi)aratively simple, the actual re- 
actions taking pla(;e in the chamner have long been 
the bubject of much controversy. The loss oi nitre 
has always been a mystery that it has been sought to 
solve by many theories. Undoubtedly the amount of 
steam admitted into tbe chamber has much to do with 
successful working, though this has to be regulated 
80 as to keep tbe yield of chamber acid at or below 
1-6 sp. gr. The careful working of tbe Gay Lussac 
Towei is another important factor, particularly in 
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relation to the loss of nitre. Thanks, however, to 
physio-chemical researches in connection with the 
fractional distillation of liquefied gases, it has been 
possible to dispose of most theoretical arguments 
concerning the loss of nitre, for in this way it has 
been proved that the loss is due to mechanical con- 
ditions arising from working on a large scale. There 
is practically no chemical loss, and hydroxy lamino 
products are not formed in the normal working of a 
chamber (J.S.C.l. vol. xxiii. p. 043). The establish- 
ment of this fact is of great assistance, us it points 
directly to the sections of the plant which must 
be watched for the leakage of nitre. Py the aid of 
the Plate towers the loss has been reduced to 1*3 
parts per 100 of sulphur. CJatalytic oh Contact 
Process: This method is c.ontined to the production 
of sulphuric anhydride (SO,) and very concentmted 
sulx)buric acid, chiefly in Germany and the United 
States of America. In only IS, .500 tons were 
being produced by one contact jjroccss, which in 
1900 had increased its output to 11(5,000 tons. In 
1903 there were twenty-three plants abroad working 
the Kchroeder contact process, apart from other 
jiatents. In this country, however, there arc only 
tliree works — two in Kngland and one in Scotland. 
Much <lifficuUy is experienced in keeping the acid 
exit below the legal limit, and ll.M. Chief Inspector 
of Alkali- etc., ^V()^ks, expresses the oinnioii tliat, 
owing to the limited uses for such concentrated acid, 
tlie e-xtension of this jinicess is not anticipated. It 
is cIioaiKT than concenlnitioii for the production of 
HO,, but for acid below C0° 1?. it cannot profitably 
compete witli the chamlxir ])rocess. The process has 
been briclly described under Hulphvb Trioxtde 
(7uVfp sujjni), but the following additionfil points arc 
of interest. The contact material requhes to he 
kept at about dOtP, Tliere is no react iou at 2(»0“ but 
at 9(XP dissociation tak(‘S j>lace. the tri<»xide formed 
from the mixture of HO, and air (1 : 3) reverting to 
the dioxide. As in the chamber process, it is most 
impor^nt to remove the heat of the reaction, which 
in this ca‘'e amounts to 22, (t(Xl calories. The com- 
positioii of the mixture of HO, and air, and also the 
rate of How, are factors aJfe'cting the production. 
The presence of arsenic in pyritic HO, is very soon 
fatal to the contact material, and great care has to 
he exercised in keeping this and otlior impurities out 
of the reficting gases. A vast number of catalytic 
agents ha ve been suggested, but platinised asbe.stos 
or other allied material has so far been found best. 
The.i)roccss is thus shown to bo essentially a refine- 
inent of Iho laboratory nicthod ojHiratod by Hir 
Humphry Davy in 1817. — C. Jl. N. 

Sulphuric Ether {Chem.) A common name for 
Ethei; (/y .c.) 

Sulphur in Iron {Met.) A small amount of 
sulphur renders iron IIed Huokt or brittle when at 
a red heat; it also destroys its welding properties. 
The addition of manganese lessens the deleterious 
effect of the sulphur. 

Sulphuryl Chloride ((7/7m.) S'e Sulpiixtr Com- 
pounds. 

Sumach (Botany^, The finely ground leaves of 
Sicilian Sumach, lllim (7i>riaW<r(or<ler, A nacardiace<jp\ 
and the myrtle-leaved Sumach, Coriaria Myrti/fKiiPf 
both cultivated in Southern Europe, constitute the 
tanning material known as sumach. See aUo Dyes 
AND DYBiNa. 

Summer Solitioe (Astron,) Sec Solstices. 


Sump (Mining). Any excavation below the floor 
of a mine, especially a pit in which water collects. 

Sun (Astron.) (1) The neai'est of all stars and the 
centre of our system. A hot self-luminous body. 
Mean distance, 93,(XX),000 miles; diameter, 8CG,4()0 
miles ; period of rotation about 26d. 7h. The sur- 
face of the sun, the Thotosphere has a groy 
background covered with granular forms termed No- 
dules or ItiOE-ouAiNS. Above this is the Chromo- 
sphere (r/.v.), in which occurs the reversing layer 
whence the Fraunhofer's lines (^.r.) arc supposed to 
originate. The Faculas (^.r.)are found in all parts. 
De^'ond all these is the Corona to be observed 
only during eclipses. The material of the sun, as 
revealed by the spectrum, has many elements that 
are known on the earth, while others have no counter- 
parts. (2) Any star that is the centre of a system. 

Sun and Planet Motion A device em- 

ployed by Watt in place of a crank ; this use is now 
obsolete ; but it is now nsed in certain forms of 
Speed Gears 

Sun Dial (Adron,) A rod termed a Gnomon or 
Stylo casts a shadow on a suitably divided p!ate. 
The position of tlie edge of the shadow indicates Iho 
Apparent; Holar Time. Sec tilao Mean Hular Day. 

Bunk Winding (Elect. Eng.) Conductors laid or 
wound in slots or grooves in the surface of an 
armature. 

Sunk Work (Build.^ etc.) A recess or sinking 
below the general surface of an object. 

Sunn Hemp (Boiany). An Indian shrub, Crota- 
laria (order, Erguminom\ producing a viiUi- 

ublc filnT for cordage, etc. It is prepared in a similar 
manner to Hemp anil Flax. 

Sunshine Recorder (Mrtcreol.) An instrument for 
i)rodiieiDg a continuous record (usually on 2 )Iiolo- 
graphic of the time during which the sun 

shines cacii day. In some cases the inteiifi-ity of the 
radiation received by the instrument is also recorded. 

Bun Spot (A.stron.) One of the apparent dark 
spots on the disc which appear from time to time, 
and which move across the disc owjng to the solar 
rotation. Cau.^ed by relatively cool matter falling 
towards the centre from the liigher reaches of the 
solar atmosphere. 

Bun Spot Periods (Asiron. ) The number of spots 
varies from year to year. The interval between the 
time when there are fewest spots to the next similar 
condition is about eleven years. I’here is i)Ossibly a 
longer 2 )eriod of about thirty-five years in addition, 

Bunstone (Min.) This term is used for any of the 
Aventurine varieties of the FeJ.spars (era Precious 
Htones). The characteristic apiitNarancc is due to 
spangles of mica included in the Felspar giving a 
golden reflection. 

Bupercalenders (Pajtcr Manufac.) A stack of 
specially arranged polished rolls, used for impai’ting 
a very high surface to paper. 

SupeKOoling or Superfusion (Phys.) A liquid 
which is free from solid imrtieles can usually be 
cooled some distance below its freezing point if kept 
still. Movement, or the introduction of a piece of 
the solid, causes the liquid to solidify with evolution 
of latent heat and consequent rise of temperature. 

Buper-elevation (IUng.) The raising of the outer 
rail where a curve occurs in a railway. The object 
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is to counteract the centrifugal force, which tends to 
throw the vehicles off the rails when travelling at 
speed round the curve. 

Superheated Steam See Stbam. 

Superior Figures, Superior Letters (TypogJ) 
Small figures or letters on the shoulder of tvpc, 
used as references to footnotes, abbreviations, etc., 
e.g, 1 2 N®- for number, ® for degree. 

Superior Planets (A^tropt.) Those whoso orbits 
lie outside that of the Earth, /.c, those wliich are 
more distant from the Sun. Tlioy arc Mars, the 
Asteroids, Jupiter, Saturn, Uranus, and Neptune 

Supernumerary Bows ( Met ear ol . ) See U aik bows. 

Super-octave {Munc), A coupler in an organ 
which causes the note an octave above the note 
played to fall. Cf. Si:b-octave. 

Superphosphate CChem. Teeh.') A commercial 
term for monobasic pho.sphatc of lime (j.e. soluble 
phosphate). Largely used as a source of phosphorus 
in the manufacture of compound fertilisers. Ob- 
tained by treating ordinary mineral phosphates 
(tribasic phosphate of lime), such a& iSoramc, Florida, 
Algerian, or Carolina jdio^ph.ate rock or i^ebbles, 
coprolites, etc., witli sulphuric acid. Unless the 
U’jbasio phosphate is thoroughly convert ('d by acid, 
there is a tendency to “revert” to diculcic phos- 
phate, which is insoluble. 

Superphosphate of Lime {Cltem.) Calcium 

COMPOUKDS. 

Super Boyal (Paper). Trinting T)apei (*f size 
27J X 20J-in. ; writing paper, 27 x 10 in. 

Supersaturated Solutions (Chem.) See Solu- 
tions. 

Supersaturation (Phys.) A saturated solution in 
which no solid particles of the di.-^solvcd substance 
are present cim be cooled without deposition. The 
solution then contains more of the ilissolved sub- 
stance than conesponds to a saturated condition, and 
is said to be Supersaturated. 

Supertonio (Mumlr). Abo\c the tonic. The 
technical name of tlic second note of a scale. 

Supplement of an Angle. The difference between 
the angle and 180° or two right angles. 

Supply Mains (Elect.) Tlio mains or principal 
conductors by which electricity is distributed. 

Supply Steam (Eng.) 'I'lie steam at entrance to 
A cylinder, as distinguished from tlic Exiiaubt 
.Steam. 

Supporters (Her,) The figures which appear on 
each side of a shield, holding up or protecting the 
same. Their origin is uncertain. Supporters are 
borne by peers of the realm, by their sons who enjoy 
lionorary titles, and by knights of various orders. 
They are also borne bj'' persons of other rank, who 
have derived them from ancestors entitled to bear 
them. Spiritual j-eers do not bear supporters. 

Supbase (Architect.) The cornice or upper 
moi Iding of a pedestal (q.v.) 

SuFcoat {Cost,) A loose outer garment ; s})ecifically, 
a loose, sleeveless coat or robe worn over armour in 
the Middle Ages, and girt in the waist by the 


sword belt. The later examples were generally em- 
blazoned with the arms of the wearer. 

Surface Gapburetter (Motor Cars, etc.) A form 
of vaporiser for petrol engines, in which a large 
surface of liquid is exposed to contact with air, 
evaporation occurring at the ordinary temperature 
of the atmosphere. In the commonest forms a large 
tank is nearly lialf filled with the liquid petrol or 
other motor spirit, and the air in the space above the 
liquid becomcis charged with vapour. From this 
space the gaseous mixture is drawn into the cylinder 
through a supply pii) 0 . The supply of air is ad- 
mitted through a Acrtical pipe, the upper end of 
which opens into the atmosphere; while the lower 
end dips under the surface of the liquid in the tank. 
As the gaseous mixture is withdrawn, fresh air is 
drawn into the chamber througli lhis})ipe, and it can 
only reach the space above the liquid by passing 
through the latter in a series of bubbles, thus pro- 
moting evaporation. Valves arc fitted ft>r controlling 
the amount of the gaseous mixture drawn into the 
c) linder at each stroke, and also for regulating the 
amount of air in the mixture. The surface car- 
buretter is now little used, on account of its large 
size and other objections, and the various forms of 
♦Spray Carburetter have largely superseded it. 

Surface CondenseF (Eng.) The device employed 
for condensing exhaust sl-eam, without mixing it with 
cold water. The steam i^ brought into contact witli 
a cold surface, in the form of a luigc number of 
brass tubes. 'J’hesc are cooled by a regular flow of 
(Mild water, the OiRCULATiNa Water, wliich may 
How through the tubes w^hilc the steam circulates 
round tliem, or rice versa. By this means impure 
water or salt water may be u.sed for condensing the 
steam, while the latter i.s kept pure and may be 
returned to the boiler after condensation. Hurfaco 
condensation is now universally used in marine 
engines. 

Surface Density (Elect.) The quantity o? ( lec- 
tricity per unit ol' area ot a cliargod body. 

Surface, Equipotentlal (Phys.) A suriacc sncli 
that the ]>otential (u.v.) at any point has a constant 
value. The surface of a charged conductor i^ an 
example of an C(j[ui potential surface; the cqui- 
prttential surfaces due to a charged sjihcro, at a 
distance from other boilics, arc concern ric spheres 
desciibed in the medium suiTOunding the sphere. 

Measurement of. See Weights and 

MnAsruEs. 

Surface Plate (Eng.) A plate of metal Cor glass) 
w'hose surface has been made as nearly as ])Obsible a 
true plane. It is used for tesling the accuracy of 
a plane surface such as that required to be produced 
on a slide valve, etc. 

Surface Water (Bnild.) Kain water which collects 
on tlio surfacti of the ground and is generally carried 
off by drains. 

Surfacing (Eng.) (1) Turning up a plane surface 
in the lathe ; this is only possible when the surface 
is at right angles to. the axis of the lathe. The tool 
moves across the lathe bed, at right angles to the 
axis ; the slide rest is B(;tuatcd either by hand or by 
gearing connected with a back shaft running along 
the back of the lathe bed ; this shaft is itself rotated 
at a convenient speed by belts, etc., driven by the 
mandrel of the athe. (2) The term “surfacing’* is 
also occasionally applied to the production of plane 
surfaces by comparison with a Surface Plate 
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ixregalarities being gradually removed by a Sgbapeb 
^ T his process, however, is more usually termed 
BOBAFlVa. 

SnpfiMsiiig Lathe (^%.) Any lathe provided with 
mechanism for Subfacii^g 

Bormoanted Arch {Build.') A stilted semicircular 
arch, i.e, a semicircular arch rising more than its 
span or radius. 

Biipyeyinf. Purveying, in the widest sense, 
embraces the operations by which are determined the 
form, dimensions, and levels of portions of the 
earth’s surface, and of various works and structures 
permanently located thereon. These operations fall 
for the most part into three classes: (1) Measure- 
ment of Distances. (2) Measiireineiit of Angles. 
(3) Levelling. (1) Mea^ureuwnf of Dislancrit. This is 
effected in the great majority of practical cases by a 
Chain, whose lengtli is usually G6 ft. (or in certain 
cases 100 ft.) The links, 100 in number, are made of 
straight pieces of steel wire, about 6 in. in length, 
with a looii at each end; consecutive links are 
joined by small loops, wlil(ih, with the straight link, 
give a total length of 7-02 in. per link ; ('very tenth 
link is numbered by moans of a small brass tall}'. 
Points are marked by rods or Aeuows stuck into 
the ground where the end of the chain rests at each 
measurement ; the ends of a line, or other important 
points oj' Stations, are marked by poles termed 
JlANOiN(; Poles, which arc painted in prominent 
colours and may have a Hag ailaciied. Small dis- 
tances ma}' bo measured with a Tape, preferably 
of steel, or with MeasubINO Kods. (2) Pleasure- 
ment of {a) The chain may bo used in 

cases wlierc the angle t»> be measured forms one 
of the angles of a triangle wljose sides can bo 
measured <in the grouml ; the hmgth of the three 
sides being known, the triangle is completely deter- 
mined. {It) Tlie majority of angular measurements 
are made by the Theodolite. This is in principle a 
telescjppe which can be turned about on eitlier a 
vertical or a horizontal axis, the angles of rotation 
being measured by gracluate<l circles provi<lcd with 
Vekn 110158 (<y.r.) For ordinary measurements of 
horizontal angles, the instrument is set u^j at the aj>cx 
of the angle to be measured, and the telescope is 
directed at a suitable object which is situated in one 
of the linos contaiuing the angle ; a ranging pole 
is often set up for this i)urj)ose. The vernier reading 
of the horizontal scale is then read, the telescope 
directed at a pc»le or other object in the second line 
containing the angle, and the vernier read again. 
The difference of the two readings is the angle 
required. When used for measuring vertical angles 
{c.g. in measuring the height of a lofty object), the 
telescope is rotated about the horizontal axis and the 
readings taken from the vertical circle, (c) For 
rough surveys or for filling in small details, the 
Peismatic (J0MPA8B is often used. This is a magnetic 
compass having a “ floating card,” /.e. a circular card 
divided into degrees, and attached to the needle so as 
to turn with it; the instniment is provided witli 
sights which ai*o aligned with any given object; 
by means of a reflecting prism the sights and tbo 
graduations of the scale may be read simultaneously. 
Thus the angle between any given line and the 
direction in which the compass points maybe read off. 
{d) The Mineb’8 Dial, or (Jircumfebenteb, is a 
compass of larger size than the foregoing, provided 
with sights which can be turned relatively to the 
box ; the object is viewed through these sights, and 
the angle made by the line of sight with the direction 


of the needle read off. (i?) The Sbxtaot i» 

sometimes used in angular measutemeui^ a einidl 
portable form termed the Box Sextant being very 
convenient for explorers. (3) Levelling. The LEVEL* 
consists essentially of a telescope mounted on a 
vertical axis (without a graduated circle), A spirit 
level is contained in a “ level tube ” which is attached 
to the telescoi)c, and provided with means of adjust- 
ment so that the axis of the telescope can be made 
accurately parallel with that of the level itself : thus 
when the bubble of the level is in its central position, 
the axis of the telescoi)e is truly horizontal. In using 
the instrument to determine the difference of level of 
two adjacent points, a Levelling Staff is set up at 
each station ; this is a graduated rod of convenient 
height, the divisions being clearly marked so as 
to i)e distinctly visible through the telescope. If the 
instrument be placed between the stations, and turned 
so as to view l,be grarluations of each staff in turn, 
tlie diffeience of the readings on the two staves gives 
the difference in level of the two points on which the 
feet of the staves are placed, pirovided that tho instru- 
ment has first been correctly adjusted . For observing 
great differences in level, such as the height of a 
mountain, some form of barometer is often used, or 
the change in levelling point may' be measured by the 
hypsometer {q.v.) Many other instruments are also 
used in surveying ; for descriptions of these, works on 
Surveying must be consulted. 

Susceptibility, Magnetic {Elect.) The ratio of 
the induced nuigruitisju in a piece of iron, etc., to 
the magnetising f )rce. If I be the Intensity of 
Magnetisation (</.<’.) and H the magnetising force, 
the ratio of T to H is termed the MAiiNETic SUSCEP- 
TIBILITY, and usually denoted by the letter A*, so 

that h = jY" 

Suspended Coil Galvanometer {Elect.) See Gal- 
vanometers. 

Suspended Magnet Galvanometers {Elect.) See 
(L\i vanometeks. 

Suspended Solidification (T/n m.) When a solid 
has l^eu melted and allowc<l to stand p)rotected from 
dust, and vibration, it will remain liquid for some 
degrees below its melting point. This phenomenon is 
known as suspended solidification : it is a particular 
case of a pjerfoctly gfmeral resistance to change of 
phase. The liquid will solidify if a trace of tho 
solid is thrown into it, and in doing bo its liempera- 
turc will rise to its melting point. Tho rale at 
which the liquid reverts to the solid phase varies 
with the temperature to which it ha.s been cooled 
below its melting point, except when it has been 
very suddenly cooled to a temperature far below this 
p>oint. Ju such a case the “ liquid ” has really become 
an amorphous solid, which will only revert to tbo 
crystalline state very slowly. 

SuspeiiBion {Mu»ic). The holding back of one or 
more notes whilst the remainder of the chord moves, 
as 
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The note D at {a) is called the Pbbpaeation, at (3) 
the Pebgussion, and at (c) the note G is the ItBSO- 
LUTiox. The most usual of the suspensions are the 
9-8 (a), and its inversion 7-6 (J) ; the 4-3 ip) and 
its inversion id) making a 9-8 over a first inversion ; 
the 2-3 (^) ; the 5-6 over the mediant in the minor 
key if) also found over the leading note ; and the 
7-8 ig). The last three are sometimes called 
HfiTABDATIONS iq,V,) 



Besides these there are the second inversion of the 
9-8 (70, making a 6-4 overt*; the second inversion 
of a 4-3 (/) njaking a 7-6 ovcir 4 ; the 9-8 in the bass 
(i) and the 4-3 in the bass (/). 

(h) (t) (k) (i) 

'-"'11 I 1 




a 


JOL^ 




a^|f 


5 4 


jd. 


7 6 
4 — 


4 — 

2 — 




5 — 
2 — 


Two or more of these suspensions may be taken 
together, as, for instance, the 9th and 4th (;«), (where 
the 9th is shown in the bass); the 6th and 7th (a) ; 
the 9tb, 7th, and 6th (u). These arc known as 
double suspensions. 


(m) 


(n) 
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4 — 7 6 9 8 

8 3 5 6 7 6 
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There is also the suspension of a complete chord 
as at ip). 



Sec also last four bars of first variation of the Andante 
of Beethoven’s Honata in Q, Op. 14 , No. 2. It will he 


seen that (1) the note or notes suspended are always 
essential notes of the “ preparation ’’ chord, and never 
of the ** pei'cussion ” chord ; (2) that the suspension 
moves by step of a second ; (3) that the ** prepara- 
tion ” chord must not be at a stronger part of the 
bar than the “ percussion ” chord. If the preparation 
is shorter than the percussion, it is better to restrike 
the suspension than to tie it. 

Baspension iPhys.) The device by which a light 
object, such as a galvanometer needle, is supported, 
so as to bo able to turn easily about a given axis. 
The most usual suspensions arc fibres of unspun silk, 
quartz fibres, and fine wires, or strips, usually of 
phosphor bronze. The term is also sometimes applied 
to a supjwrt formed by a pivot or a knife-edge. 

Buspension Bridge (Civil ^ng.) A bridge con- 
sisting of one largo span, or occasionally more, 
supported at suitable intermediate points by cables 
or tie rods placed above the roadway, and therefore 
in tension. 'J'he most usual type has a tall tower at 
I (or near) each end of the bridge; between these 
' towers arc suspended heavy chains, from which 
vertical rods are hung to support the bridge proper. 
The chain is prolonged beyond each tower on the 
land side, and made fast to the ground by means 
of masonry, etc., in order to balance the force tend- 
ing to overturn the tower. 

Buspension Links (^ng.) Hods or bars by which 
the slotted link of the Link Motion iq.v.) in a 
locomotive, etc., is moved. 

Bvegliato {Mysic). Awakened. 

Swab iFoitndry). A soft brush or mop used for 
wetting the parting edge of a mould before the 
pattern is withdrawn. 

Swage (Eng.) A piece of iron or steel of the 
nature of a die, used in giving some required shape 
to a forging. 

Sw^e Block (Eng.) A large piece of nicial 
containing various holes, grooves, etc., used as 
swages (q.v.) 

Swaging (Ertg.) Bhaping a forging by means of 
•Swages or dies (g.c.) 

I Swansea (PwflZtfm). A manufactory of earthen- 
! ware was established at Swansea in 1750. In 1814 Mr. 
Dillwyn acquired the works and proceeded to make 
P')rcelaiu with the assistance of William Billingsley, 
who came from Naiitgarw. The ]x>rcclaiu was a 
remarkably fine soft paste, and excellent artists 
were employed. The manufactory was closed in 
1820, The chief characteristics of Swansea porcelain 
are a fine dark blue and beautifully executed paint- 
ings of flowers. Firr Mabks see under PoTTBBY AND 
rOBCELAIN. 

Swan’s Keck (Plumh.) 

A pipe with a double 
curve (concave and con- 
vex). 

Swarf (Chem. Tech.) 

The scrapings and chip- 
pings from soft iron 
castings. Used as a 
reducing agent in aniline 
manufacture. 

— (Eng.) Fine 
particles of metal, re- swan's xeok. 

moved by a cutting 

tool ; or particles of sand, etc., worn off a grindstone. 
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Swash Letters (.Typog.) The name given to a 
style of italic capital letters, with tails and flourishes, 
in vogue in the seventeenth century. Example, 

Swash Plate (Bng,) A disc keyed on the end of 
a rotating shaft in such a way that its plane is not at 
right angles to^ the shaft ; it is used to communicate 
a reciprocating motion to a rod wliich rests on it. 

Sweating (Chem, Tech.') See Manufacture of 
Paraffin Wax under 1’etroleum. 

{Eng.^ etc,') Joining metal objects by filling 

in or surrounding the joint with solder and flux and 
then heating by means of a soldering iron, lamp, or 
blowpipe until the solder “ runs.” 

(^Leather Manvfac.') Hides and skins arc 

hung in a warm damp chamber, and allowed to 
sweat until the hair or wool is loose enough to be 
“pulled” or removed. This process is no longer 
employed in this country for hides, but is largely 
used in the treatment of sheepskins. 

Swedge {Eng.) See Swage. 

Bwediah Iron {Met.) Iron made from certain 
Swedish iron ores which are vciw free from sulphur 
and phosphorus ; it is smelted with charcoal, thereby 
avoiding the introduction of the impuritie.s always 
found in coal and coke. It is of great value for the 
manufacture of crucible cast steel, and for the pro- 
duction of soft wrought iron for electrical work {e.g. 
armature and transformer cores). 

Sweep* (1) A curve. (2) A curved Strickle 
{fix.) 

Sweeping Up {Moulding). Strickingot Strick- 
lin g {q.v.) 

Sweep Saw {Carp.) A Compass or Pad Saw, 
used for oiitti?ig curves. See S.\w^s. 

Sweet Spirits of Nitre {Chem.) See Ethtl 
Nitrite. 

BwAl {Cotton Wearing). A small lever of the 
third order placed in the .shuttle box back of a fast 
reed loom. The shuttle acts upon it in connection 
with the shuttle protector, 

{Music). The part of an organ that has the 

pipe.s enclosed in a box, called the swell box. See 
Musical Instruments, p. 440. The first swell was 
made by Jordan at the beginning of the eighteenth 
century. 

Swifts ( Woollen Manufac.) See Carding Engine. 

Swing {Eng.) The swing of a lathe is the radius 
of tho largest piece of material 'which can be turned 
in it. 

Swing Back {Photo.) A frame which is hinged to 
the camera in such a way that the dark slide and its 
contained plate can be brought vertical when the 
camera has to be tilted. 

Swing Bridge ( Civil Eng.) A movable bridge of 
which the separate parts turn in a horizontal 
direction, i.e. about a vertical pivot or axis. A good 
example is the swing bridge over the Dee at Hawar- 
den, which is about 285 feet long. The pivot of this 
bridge is 116 feet from the end, thus dividing it into 
two unequal parts, of which the longer extends over 
the channel. A counterpoise weight of over 100 tons 
is carried by the shorter or tail end, and the total 
weight of the moving part is 750 tons. This bridge 
eon be opened so as to give an opening of 140 feet in 
2^ minutes. 


Swiss Machine (Lace Manufac.) The usual form 
of embroidery machine employed in Switzerland and 
other countries for producing embroidery upon net or 
other fabric. 

Switch Ehig^) The device used for ejecting 
a junction of one set of rails with another. See 
Bailways. 

— * {Elect.) A device for making and breaking 
the electrical connection in a circuit. 

Switchback {Cwil Eng.) A form of siding used 
on some American railways in carrying a line up 
very steep slopes. The line forms a series of zigzags, 
and at each point wliere two straight lengths meet is 
the siding, the lines forming a letter Y. The train is 
drawn into the tail of the Y, the engine is then 
attached to the other end, and the train drawn out 
along the other branch. 

Switch Board {Elect. Eng.) A support carrying 
switches, terminals and connectors, and various 
measuring instruments, by which the connections of 
a complex system of electric circuits are made and 
controlled at a Central Station. 

Switch, Double Pole {Elect. Eng.) A switch which 
makes aiKl breaks contact in both terminals of an 
electric circuit. The part of the circuit controlled 
by the switch is entirely cut off from the remaining 
or “ live ” part when the switch is opened. 

Switching {Elect. Eng.) Operating a Switch 
(?•»’■) 

Switch, Single {Elect. Eng.) A switch which 
breaks the electrical connection in one terminal only 
of a circuit. 

Swivel. (1) A joint hinging or turning on a pin. 
(2) In gasfitting a joint that will turn horizontally. 

Swivel Weaving {Cotton Weat*‘tng). A method of 
I ornamenting good qualities of cloth by means of a 
scries of small shuttles containing weft of character 
and colour different from the ground. By this means 
small weft spijts, sprigs, etc., are produced. There 
arc two form.s — llorizontal Swivel, Circle Swivel. 

Sycamore, Sf'e Woods. 

Syenite {Cieol.) A Plutonic rock having granitic 
structure {q.v.), but of a less acid cbai-acter than 
granite — i.e. containing from 60 to 65 per cent, of 
silica. A typical syenite contains orthoclaso felspar 
and hornblende, but no free quartz. Varieties, how- 
ever, occur which contain a little quartz ; these are 
known as Quartz Syen ites. Other forms are termed 
Augite Syenite, Mica Syenite (or Minette), 
etc., from the presence of these minerals. Tlie name 
is derived from Syene, in Upper Egypt, where the 
rock originally termed Syenite occuns ; this rock was 
used in ancient times for architectural and orna- 
mental work. 

Sylvanite {Min.) A synonym forGraphic Tellurium 
(?•<••) 

Bylvine {Min.) rotassinm chloride, KCl ; potas- 
slum * 52'5, chlorine » 47*5 per cent. Cubic ; colour- 
less or white. One of the salts found in the salt 
mines of Stassfurt; also as a volcanic product on 
Vesuvius, 

Symbolic Chemical. See Chemical Symbols. 

Bymmetrie Planes of a Lens {Light). A pair of 
planes drawn through the Symmetric Points iq^v.) 
of a lens, at right angles to the axi& 
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Symmetric Points of a Lens {Light). Two points 
on tlie axis of u lens each being at a distance from 
the nearest Principal Point, equal to twice the Focal 
Length. 

Symmetry. The harmonious proportion or 
balancing of the parts of a design or body relative 
to each other. 

Sympathetic Inks (Chem.) See Inks. 

Symphony {Musir). Str Boxata. 

Synehroniser {Ooohs). A mechanism, generally 
actuated by an electric, current, lor making clocks 
keep identical time, Cf. Joubneyman. 

Synchronising {Phys., Meet. Eng., etc.) I'he 
regulation of two (or more) machines or pieces of 
api>aratus so that their movements or eifects xwo- 
duced by them occur simultaneously : e.g. tw^o alter- 
nators which are to be run in parallel must produce 
currents which not only j^o&scss the same frequency, 
but the same j>hase so that their maxima and 

minima occur at identical times. 

Synchronous Charts (Met enrol.) Cliarts which 
present the priiicij)al elements of the weather at any 
given instant. 

Synchronous Motor (^Eleet. Eng . ) An alt crimting 
curieut motor which must kee}) in ])hahe with llu* 
alternating current which drives it. Its speed is 
therefore abs ilutcly li.ved by the frequency of the 
supjily. See ^MoToiJS, EnncTiiic?. 

Syncline or Synclinal Structure Strata 

bent into a trough-liko form, so lluil the beds dip 
towards the axis about which the folding has occurred. 
Cf. Anticlinal. 

Syncopation (Mnsie). A false accent pAxJuced 
by ju'olonging a note begun on an unaccented jiart 
of a bar over a nunc accented iiait. It is generally 
marked by an af'ccnt >. 

Synodic Month The interval of time 

between one conjunct ion ((j.v.') of the moon and the 
succeeding one. 

Synodic Period {Astron.^ The time in which a 
planet retains to the same position with regard to the 
sun and earth. 

Synoptic Charts (Meteorol.^ See Synchronous 
(‘harts. 

Synthesis (Chcni.) 'J‘hc building up of a com- 
X)Ound from its elements. Thus, when hydrogen 
burns in oxygen, water, which is the ]uoduct of the 
(iombustion, is built up from its elements or syn- 
thesised, In speaking of the synthesis of organic 
coinpomids— say,for instance, of glucose and indigo — 
w’hen tile clicinist says that these have been syn- 
thesised, he really means that if it \vere necessary 
they could be built up from their elements ; for in 
such cases tlie staiting point for the synthesis is a 
fairly complex body, which could, if required, bc‘ 
made from its elements, (glycerine and naphthalene 
are substances which could be made on a larg-e scale 
from their elements, but the procesbes would be long 
and costly; iieverthcdess, as glucose and indigo re- 
spectively can be arlihcially made from these, they 
are said to have been synthesised. Before a com- 
pound can be synthesised, its constitution must be 
knovyn ; then, as a rule, the com)iound can be syn- 
thesised ; V>ut oven then a synthesis may prove 
exceedingly diflicult ; the constitution of eamplior 
was known long before it could be synthesised. 

Syphon. See Sipudn. 


Byron. See Kiren. 

Bystom Agroupof fpriuatlons (^.r.)whioh 
occur in association with one another, and which 
contain a closely related set of fossils; e,g. the 
(Cretaceous System, including the Chalk, (iroeii- 
sands, and the Wealden Bocks. See aUo STRATA, 
Table op {i% Ap2}e'ndi!t). 

SysteniB of Crystals (il/M.) A crystal system is a 

group of crystals, all the members of which have certain 
similar pro])erties os regards the lengths and mutual 
inclinations of their axes, and as regards symmetry 
of form. If a comparison bo made of the lengths 
of the axes cut olT by the several planes of a crystal 
(the Intercepts of these planc.s), it is found that 
these lengths bear a definite and comparatively 
simple relation to one another. Suppose a certain 
plane is found to cut off. on throe axes meeting in 
a common point called the Origin, three unequal 
lengths, rt, h, e ; the intercept of other planes on these 
throe axes taken in the same order are found to bear 
^ to a, b, i\ some sur h simple relation as a, So, or 
* 2a, 2b, oe. or CO a, b, e.. Then the lengths a, h. c, are 
called tlie J'AKAMETKRS o£ the cry still, and it is these 
parametral lengllis wliiidi liave to be considered in 
oiavsifying crystals according to their systems. It is 
found that all crystal forms of one mineral liave 
intercepts on Iho axes which can be expressed in 
simple integral terms (positive or negative, and 
inolmliiig zero and infinity) of a, b, c, the integral 
nunil>ors in most cases not being higher tlmn7, Tlie 
inlercoiit of a i»lane on one of the axes may seemingly 

be a fraction of the 2 >aTametnil length, as ^ , h, 2c, 

but since for crystallograiihic purposes 2 >lanes lliat are 
parallel and on the same side of the origin are 
iilcntical, those inteicepls can be cxjircssed as 
a, 2h, 4c. 

Bince the parametral lengths arc taken as units 
once their values an; dotormined, the intercepts of any 
I ‘lane may be staled by using the numemtois of 
a, b, c; c.g. in the above insiance the intorco]its can 
be exjues.sed by 1 2 4. Put it is usual to employ the 
rfcj]irc»rals of the intercepts ns the Index of a form ; 
hence the plane in question w ould be designated 4 7, 

the whole numbers projKirtional to | j | or J 

1’ho symnirlry of u crystal (le]iends on the possible 
number of planes along which the crystal may be 
divided into symmetrical })ortions. 

There arc six erj stallographic systems, as tabulated 
lielow (some of the more common synonyms of each 
S 3 .stem being given) ; — 


I. 

Cubic 

Isometric 

Monometric 

Itcgular 

Tesseral 


11 . 

I’ctragonal 

Limetric 

(Quadratic 

Pyramidal 


111 . 

Hexagonal 

A. Hexagonal 

Hi vision 

B. Bhombohcdral 

Division 


IV, 

Hhombie 

Trimetric 

Orthorhombic 

Prismatic.. 


V, VI. 

Monosymmetrie Tri clinic 

Monociinic Asymmetric 

Oblique Doubly ()bliquo 

Clinorhombic Anorthio 


I. Cubic Bystem. Tlirce axes (a) of equal length 
and at right angles. There arc three equal planes 
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of HymmetTy having their intersections in the lines 
of the three axes, and six diagonal planes of symme- 
try equal in themselves. 

II. Tbtbagonal Bybtem. lliree axes at right 
angles, the two horizontal ones (a) being equal, and 

the vertical one (c) being either longer or shorter 
than the others. There are three planes of symmetry 
intersecting in the axes, two of them equal, and two 
diagonal planes equal to one another. 

III. Hexagonal System. This includes (A) the 
Hexagonal group proper, and (b) the IIhombo- 
HEDBAL division. 

In (A) there are three axes (a) of equal length 

inclined to one another at r>0°, and a third (c) vertical 
to the plane of the others through the origin. The 
vertical axis may be longer or shorter than the 
others. There are four axial planes of symmetry, 
three equal radial planes and a horizontal plane 
unequal to the others. There are also three diagonal 
planes equal in themselves. 

In (B) the axes may he regarded as only three 
in number, equal and inclined to one another at 
equal angles, ami lying in the three radial sjnnmc- 
trieal planes of the hexagonal division. There aro 
three planes of symmetry, intersecting al 120° to the 
vertical and coinciding with the three radial axial 
planes of the hexagonal di\ision. llhombohcdral 
forms may be regarded as hcraihodral forms (those 
with only alternate faces developed) of the hexagonal 
group. A hcraihedral form «f the rhomhohodral 
group would correspond to a tctartohcdral of tho 
hexagonal (tho fouilh face only being developed). 

IV. IIHOMBIC Si'STEM. Tbrcc axcs at right angl s, 

Ji, 7>, e, all unequal, and three i^laiios of symn>ctry 
intersecting in t hose axes and all unequal. The right- 
and-left axis is called the Mactiodiagonal, and is 

designated by h and is always taken equal to unity. 
The froiit-and-back axis is the bra chy diagonal, a ; 

it is leSs than unity. The vertical axis is c, 

V. MonowymmetRIC PYSTE.M. Thrco unequal 

axes, a, h, I*, the two lateral axes being at right angles 
to one another, but only ft, t he orthodiagonal, is at 
riglit angles to the vertical axis r, t he olinodiagonal, 
/'/, being inclinc<l to c at an angle f$. The axis t is 
taken as unity’, and a is usually less than ft, but not 
noccssarily so" I’hcre is only one plane of .symmetry, 

the plane containing a and c. 

VL Anobtttto System. Three axes, a, ft, c, all 
unequal and all inclined to one another, the angle 

between ft and c being a, that between a and c being 
/3, and that between a and h being 7. In this system 
there is no plane of symmetry, o])posite pairs ()f 
fae.c.s being only symmetrical with regard to the point 
called Mie origin. — W. G. 

Bystyle (^ArahUeet.') The name given to the 
arrangement of the columns in a Grecian temple when 
the space between the columns is equal to twice the 
lower dhxmetor of the shaft. See. Arjeostyt.k, 
Pycnostyle, Diastyle, and Intercolumniation. 

Syssygy (Ajttren.') One of the two opposite posi- 
tions of an orbit wbicjli a celestial b(5dy is in at Con- 
junction (^.r.) or at Opposition (j'.i’.), i’.y. the 
points occupied at new and full moon. 

Ta iChcui.) The symbol for Tantalum 

Taa ( A roll Uect.) See PAGODA. 


Tabard {Her.) A garment shaped something like 
an overall, reaching nearly to the knee, open at the 
sides, and with wide sleeves or flaps reaching to the 
elbows. Worn originally over body armour and 
generally emblazoned witli the arms of the wearer 
or his lord. Sab.«iequently adopted as a general 
article of dress. In England the tabard is now worn 
only by heralds and pursuivants of arms, and bears 
the arms of the sovereign. Sec Ooat ABMOUiti 

Tabaret of Taborette {Silk Mmitfae.) A fabric 
consisting of alternate stripes of watered tabby (q.v.') 
and satin. 

Tabby or TafTeta (Sitk Manvfac^ A plain fabric 
formed by the simplest kind of weaving, being always 
one thread up and one threatl down all over — i,e, 
eacdi alternate thread of the warp being raised and 
the intermediate threads depressed for the first pick, 
the action on the war() threads being reversed for the 
second pick. 

Tabby Tie {Silk Weaving). See Tib. 

Tabemacle (Architect.) (1) The ciborium or 
baldachino (q.v.) over an altar. (2) A canopied 
niche or stall. The carved openwork u-sed in lhc.se 
canopies is known as Tabbbnacle Wobk. 

Table {AJng., etc.) A horizontal plate on which 
X)iecos of material are laid or fixed while being 
operated upon, e.g. tho term is commonly applied to 
the part of a drilling or planing machine which 
supports the work. 

(Gntis). (1) The plane or large flat facet on 

the top of a brilliant-cut stone. (2) A stone of oval, 
rt)und, scpiare, oblong, or other form, cut flat on the 
upper and lower sides, which are bordered by rows of 
square^! triangular facets. 

{(rUtss Manif/ac.) The term applied. to the 

circular plate of gloss (about 54-70 in. in diameter) 
whicb forms the final product in the manufact ure of 
Crown G]as.s (q.v.) 

(Math., etc.) A scries of numbers or other 

quantities arrangefl in a form convenient for refer- 
ence -c.y. ill paiallel columns. 

— — (Muxie\ The upper surface of tho boaul, 
above the channels of the sound board, in an organ. 
Sre Muhtcal Instruments, p. 4:t9. 

or Tablet (Arehift-vL) A flat slab or sur- 
face usually of rectangular shape, such as a monu- 
mental slab, A llAisED Table projects from the 
wall face, and a IlAKiNG TABLE is one which is not 
v'cTtical. 

Table Scarf (Carp, and Join.) A scarf joint 
having a flat surface notched into another piece cud 
to end. 

Tablet (Arehreol.) One of a set of thin plates of 
wochI, ivory, or other material, binged togollier, and 
usctl for writing uixjn. 'riic surface of the tablet 
was coated with a thin layer of wax, wliich was 
protetded by a raised edge, and the writing was 
cITcctcfl by means of a .style (q.r.) 

Table Vice (JSng.) A light vice attached to a 
bench. 

Table Work (7'ypog.) Matter consisting of figure 
work, etf., comjxised of five columns or moi*e. If 
with headings four columns or more. Cf TabulAB 
Wobk. 

Tablinum (Architect.) An apartment in which 
records were stored in a Roman bouse. It was situ- 
ated between the atrium and the peristylium. 

Taborette (Silh Ma7iv/ac.) See Tabaret. 
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Tubular Spar {Min, ) A name for Wollabtokite 
iq,v.) 

Tabular Work {Typog.) Figure work, etc., con- 
sisting of three or four columns. Cf, Table Work. 

Tacet {Music), An indication that a certain 
voice or instrument so marked is to be silent. 

Taoheometer {Surveying, An instrument for the 
indirect measurement of distances. The eyepiece of 
its telescope is furnished with two horizontal cross 
wires, the arrangements being sucli that the distance 
of a vertically held staff, 'called the stadia is 

determined at once by viewing the latter through 
the telescope and noting the number of divisions on 
the staff seen between the cross wires. 

Tachometer or Tachymeter {Eng.) A speed 
indicator; an apparatus for measuring the number 
of revolutions per minute of some rotating part of a 
machine. 

Tachylite {Gcol,) A glassy lava of basic com- 
position, i.e. corresponding in composition to Basalt 
(?•«'•) 

Tackle A rope or chain and pulley block, 

or a combination of chains and ropes and pulley 
blocks, working together and used for lifting heavy 
weights. 

Tackier {Cotton Manufae.) An overlooker who 
keeps the looms in repair and performs other 
functions necessary to keep them running. 

Tacks (Plumh.) The cars attached to load pipes 
by which they are fixed to the wall. 

Tacky {Dec.) A condition which is reached 
when a coat of paint or varnish is not quite diy. 
This condition is ascertained by placing Ih^ finger 
lightly against the paint or varnish, which will 
adhere to it slightly if tacky. I'aint and varni.sh 
sometimes remain tacky for a considerable time 
owing to an excess of driers, a dirty, grca.sy surface, 
or to the varnish having been apjjlied where there is 
lack of proper ventilation. When gold size {q.v.) is 
used as a mecliiim by W’hich to cause gold leaf to 
adhere to the letters of a sign or other surface, the 
gold size is painted on and is allowed to become just 
tacky before the gold leaf is applied. Sec Drying 
OP Taint, Drying Oils, aiid Varnishes. 

Tsnia or Tenia {Architect.) The fillet on the 
upper edge of tlic Dorics architrave. See DOBIC 
Order ; Architbcturk, Orders of ; and Entab- 
lature. 

Taffeta {Silk Mativfac,) See Tabby. 

Taft Joint {Plumb,) A blown joint {q,v.) 

Tail {Bind.) The bottom edge of a book, in- 
cluding paper and cover. 

{Build.) The lower or exposed part of a 

rooting slate or tile. 

{Eng.) The lower or hinder part of various 

machines, e.g. the vertical rod or support of a fitter’s 
vice. 

Tail Bay {Carp, and Join.) The end bay of a 
roof or ceiling. 

Tailings {Leather Manufae.) Tan liquor that 
has become “ sour.” 

{Mining), The refuse material or worth- 
less slimes {q.v.) that are rejected in washing an ore 
that has pas.scd through the stamp mills. The tail- 
ings are sometimes subjected to further treatment 
for the extraction of metal they may contain. 


Tail of a Comet (Agtron.) The stream of light 
which commonly accompanies a bright comet. The 
tail is always turned away from the sun. 

Tail Piece {MuHe). That part of stringed instru- 
ments to which the strings arc attached at the 
lower end. 

Tail Pieces {Typog,) Ornaments placed in a short 
page at the end of a chapter, article, or volume, to 
fill up the vacancy. 

Tail Race {Eng., Mining, etc.) The race or 
channel which lends the waste water away from 
a water wheel or other machinery. 

Tail Stock {Eng.) The movable head or poppet 
of a latbe 

Tail Vice {Eng.) The large vice {q.r.) used by 
fitters, blacksmiths, etc. ; it has a vertical rod or 
column, termed the tail, resting on the floor of the 
workshop. 

Tail Water {Eng.) Tlie waste water flowing away 
from a water wheel. 

Take {Typog.) When copy {q.v.) is apportioned 
to the compositors to be set up in type, the j^ortion 
falling to each compositor is termed a “ take.” 

Taker Off {PHnt.) The person who releases the 
printed sheet from the printing press or machine. 

Taking Off {Build.) Taking measurements from 
drawings. 

Taking Up {Eng.) Shortening or tightening 
fittings, moving parts, etc., which have become 
elongated or loosened by** wear. 

{Textile Manufae.) A motion for automati- 
cally winding the cloth as it is woven on to a cloth 
roller. See Loom. 

Taking Up Slack {Eng.) Shortening a belt or 
chain which has become elongated. 

Talaria {Art), The sandals or greaves, orna- 
mented with wings, which are characteristioof the 
attire of Hermes (Mercury), Eros, and certain other 
divinities in classical mythology. 

Talc {Min.) A hydrous silicate of magnesia. 
Silica * 02, magnesia 33-1, water 4‘9 per cent. ; 1 or 
2 per cent, of iron and a little alumina often occur as 
well. Crystal.'* arc ihombic, but the mineral is 
usually found massive, and is easily split into thin 
plates, which are distinguished from those of Mica 
(^f.v.) by not possessing elasticity. Colour white, 
light or dark green. Common in many localities. 

Talking Machine. See I’HONOORAPH. 

Tallboy {Build.) A long chimney pot made of 
zinc or iron. 

Tallow Cup {Eng.) A lubricator holding tallow. 

Talus {(ieol.) Dtibris produced by weatherings 
which accumulates in sloping heaps at the foot of 
a cliff. 

Tamarind {Botany). The fruit of Tamarindus 
indica {Legumhwsfc) in the form of a preserve is 
used in pharmacy cither alone or in combination 
with other substances. Its properties are laxative 
and refrigerant. 

Tambourine {Music). See Musical Instru- 
ments, p. 445. 

Tamping {Met., etc.) Stopping up a vent or tap 
ho!e in a furnace by means of clay. 

{Moulding). Bamming the sand round a 

pattern. 
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Tan. The abbreviation used for Takgsnt: see 
Tbigokometbical Ratios. 

— {LeatJier Manu/ae.') Sec Lbatheb Manu- 
PAcrruEB. 

Tanaka Figarines* (Aroh(eol,) Small terracotta 
figures representing divinities and incidents of Greek 
domestic life^ etc. They were usually cast, and after 
being baked were generally brilliantly coloured. 
Used as household ornaments and as votive offerings ; 
BODje of the earliest examples are from the cemetery 
of Tanagra in Boeotia. 

Tandem (Cycles^. A cycle carrying two riders, 
one behind the other. Machines of the same type 
carrying three or four riders, termed Triplets and 
Quadruplets, arc little used except in i)acing a 
racing cyclist. 

Tandem Engine or Pump {Eny. ) An engine or 
pump having two (or more) cylinders arranged in 
the same straight line with one piston rod running 
right through and carrying all the pistons. See 
Steam Engine. 

Tanekaha (Sotany'). A New Zealand pine tree, 
Phylloclfulm trichflniarmdes (order, Cmifer(B\ whose' 
bark, known as Tanekaha, is nsed in tanning, and as 
a dye for leather. 

Tang ( Carp., etc.) The pointed end of a tool such 
as a chisel or gouge, which is driven into the wooden 
handle. 

Tangent (Math.) (1) The tangent to a curve is 
a line toucldng the cun'e, but not cutting it. (2) A 
Trigonometrical Ratio 

Tangent Galvanometer See Galvano- 

METEIta. 

Tangent Screw. A screw whose point acts on a 
radial arm or other device attached to some portion 
of an instrument or machine in or<lcr to obtain an 
angular motion of small amount ; in some cases the 
screw gears directly into a worm-wheel mounted 
on the axle of the rotating part. Tangent screws 
are fitted to spectroscopes, thewlolites, and many 
astronom ical instruments. 

Tangent Spokee (^Cyelee). Spokes which leave 
the hub at a tangent to its rim, instead of radially. 
3’hey arc stronger and also easier to replace if broken 
than direct " or radial spokes. 

Tank (Tiri/ Eng.) A reservoir, whether artificially 
constructed tliroughout or formed by utilising a 
natural hollow or depression. 

Tank Base {Eiig.) A hollow casting serving as 
the baseplate of an engine, etc., and also as a tank 
or reservoir; e.g. in the case of oil engines a con- 
siderable supply of oil is often contained in a tank 
of this kind. 

Tank Engine (-&%.) A small locomotive carrying 
a supply of water in a tank fitting over or placed 
alongside the boiler. 

Tank Liquor See Alkali. 

Tan Liquor (^Leather Manvf or.) A general term 
used to denote all solutiou.s oi the various tanning 
materials used in the tanyard. See Leatheb Manu- 
facture. 

Tannic Acid ( Chem.) Sec Tanni s s. 

(^Ehig.) This acid is used to prevent 

incrustation of boilers; it forms insoluble com- 
pounds with salts of lime, and this can be removed 
in the form of a scum by blowing off iq.v.) 


Tanning. See Leatheb Manufactubh* 

Tanning ( Chem.) Substances of unknown oonsti^* 
lion which occur widespread in the vegetable kingdom^ 
have an astringent taste, are soluble in water, their 
solutions are precipitated by lead acetate, and give a 
dark blue or green oolonration with iron salts. Many 
give precipitates with gelatine and convert skins into 
leather; some are glucosides of gallic acids, while 
others are compounds of phloroglucin and gallic 
aoid. Examples; Tannio Acid (gallotannic acid: 
tannin), is nearly colourless when pure, but usually 
it is met with as a brownish yellow powder ; when 
heated it darkens in colour and gives pyrogallic acid 
and carbon dioxide. It is soluble in water, giving a 
dextrorotatory solution ; when an alkali is added to 
the solution, it rapidly absorbs oxygen and turns 
black. Its solution is easily hydrolysed to gallic 
acid by acids, alkalis, and certain ferments; 

it rednees Febliiig*s solution and ammoniacal 
.silver ; with iron salts it forms ink ; it precipitates 
gelatine, albumin, starch, the alkaloids ; it also 
gives precipitates with tartar emetic, lea<l acetate, 
and a number of other salts. Tannic acid is used 
as an astringent in medicine, in making ink, in the 
preparation of gallic and pyrogallic acids, and as a 
mordant in dyeing. It occurs in gallnuts from 
various ^kinds of oak, in sumach, and in tea. It is 
extracted from finely ground gallnuts by a mixture 
of aqueous alcohol and ether ; the extnict separates 
into two layers, the lower layer containing the tannic 
acid, which it yields on evaporation. Oappetannio 
Acid is the tannin found in coffee berries ; its solu- 
tion does not precipitate gelatine, and it gives a 
green colour with ferric chloride ; it is a glucoside. 
Quebcitannic Acid occurs in oak bark and pro- 
bably^it tea. 

Tantalum {Chem.) Ta. Atomic weight, 183. A 
rare metal, when pure resembling platinum in colour : 
melts between 2,250^ and 2,300°; sp. gr. 16'5 ; malle- 
able and very ductile. Its tensile strength is about the 
same as that of steel, the breaking load for a wii*© 
of 1 mm. diameter being 03 kilos. When a lump of 
tantalum is heated to redness and brought under the 
steam hammer, it forms a plate which when re- 
peatedly treated in the same way becomes so hard 
that a diamond will not bore it. The 8pe<;ific resis- 
tance for a wire 1 metre long and 1 mm® section 
is 0*105 ohms. The temperature coefficient is *003 
between 0° and 100®, and between 0® and 350® it is 
•0026, and at a consumption of 1-6 watts per candlo 
power it reaches 0-855 ohms. On account of its high 
melting point and its resistance to ** dusting *’ and 
its smaller energy consumption per candle power (a 
carbon filament uses 3*5 watts per candle power), 
tuntalum has been applied to the construction of 
electric lamps. Tlie figure shows a lamp which 
gives 24 to 27 candles at 110 volts and 0*35 
amperes; the wire is 0-05 mm. in diameter and 
650 mm. long ; it gives a bluish white light. 
When heated in air, tantalum begins to oxidise, 
turning yellow at 400° and ultimately giving the 
white pentoxide ; it absorbs hydrogen readily and 
nitrogen on heating ; it does not amalgamate with 
mercury. When heated and thrown into water, it 
decomposes it. It is not attacked by acids except 
hydrofluoric, which attacks it slowly ; aqueous alkaua 
do not attack it even on boiling. 

Tantalum belongs to Group V. of the Periodic 
system, and is allied to vanadium and niobium ; it 
occurs with niobium in tantalite, columbite, pyiochlor, 
and yttrotantalite. The metal is obtained by heating 
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sodium or potassium tautaloflnoride with sodium ; the 
powdery metal so obtained is pressed to coherent 
masses and heated in the electric arc in a vacuum, 
when the metal melts to a platinum-like -regains. 



To obtain the tantalohuoridc, finely powdered tan- 
talite is fused with nfid potassium sulphate, the 
naelt extracted with w'ater, and the insoluble part 
digested with ammonium sulphide ; the residue is 
washed and boiled with dilute liydrocbloric acid; 
the insoluble partis washed, dissolved in hydrofluoric 
acid, filtered, and heated to drive off silicon fluoride, 
and potassium fluoride added. On concentrating 
jwtassium tantalofluoride, K.,TaF 7 , crystallises out 
first. Two oxides of tantalum arc known, a 
tetroxide, Ta,0^, and a pentoxide Ta^O^ — the latter 
is obtained by heating potassium tantalofluoride 
with concentrated sulphuric acid, extracting the 
potassium sulphate with water, and heating the 
insoluble tantalum sulphate. The chloride, TaCl^, 
crystallises in yellow needles; melts at 211°; boils 
at 242'* ; sublimes below its melting point ; it fumes 
in air, and water converts it into tontalic acid, 
nTaO,. 

Tanto Too much ; as much as. 


Tap (1 ) A cock. (2) A tool used for cutting 

internal or female screw threads. A First Taf, 
Entering Tap, or Taper Tap is a steel screw or 
external thread, with fiutings or grooves (usually 
three in number) cut across the thread parallel to 
the axis of the screw in order to present a series of 
cutting edges ; towards the point the thread is gradu- 
ally removed, so that the diameter of the tool is 
reduced at the end till it is sufficiently small to enter 
a Tapping Hole (//.t>.) drilled to receive it. After 
the tapering tap has roughed out tiie thread in the 
hole, a Second Tap with somewhat les.s taper may 
be pas.scd through, and the thread is finally finished 
off with a parallel tap the full size of the required 
thread, termed a Plug Tap. For making dies (^see 
Stocks and Dies) a tap somewhat similar to a Plug 
Tap is used : ill is is termed a Master Tap, Hob, or 
Hub. The fiutings of a master tap are narrower and 
more numerous than those of an ordinary tap. 

(Met.) To tap a furnace is to open the Tap 

Hole, an opening through which the molten metal 
flows. 

Tape (TiuUd., itc,) A measuring tape may 
be made either of a woven fabric or of a thin steel 
band ; the latter is much preferable, as a woven tape 
stretches considerably with use, and becomes in- 
accurate. 

Taper. A gradual slope or a diminution in 
diameter. Applied especially to the narrowing of a 
pattern, in order to enable it to be withdrawn easily 
from a mould. The part of a deep pattern which is 
uppermost in the mould, and which is withdrawn 
first, may be from one-eighth to a quarter of an inch 
wider than the lowest part. 

Tapered Pipe (MuiUl.) A stoneware drain pipe 
with one end smaller than the other. 

Taper Screw Chuck (AV<y.. etc.) A chuck con- 
sisting of a small disc, in the centre of which is a 
coarse-threaded tapering screw, like an ordinary 
wood screw, by means of wliich a piece of wood can 
easily be attached to the ehu»-k for turning. 

Taper Tap (AXv-) The tap first used to form the 
thread in tajjping a hefle. See Tap. 

Taper Turning C Ii^ng.) Turning a conical surface. 
Usually effected cither by setting the back centre 
out of the axial line of the lathe, or b} ii.sing a slide 
rest with one of its slide.s set at the necessary angle 
to the bed of the lathe. 

Tapestry. An ornanicntal textile fabric iisetl for 
covering walls and furniture, or for hangings. The 
fabric is composed of coloured wools and silk, other 
materials, c.g. gold thread, being sometimes intro- 
duced. The method of manufacture is practicaUy 
that of tlic Oriental carpet, the design being effected 
entirely by the weft, wliich is inserted by means of 
wooden needles or spindles termed ** broaches,” the 
whole of the operations being earned out from the 
back of the warp. Tapestry may be divided into two 
elassc.s : (1) High Warp, in which, during manufac- 
ture, the warp is stretched vertical!}', with a roller 
or cylinder at each end ; (2) How Warp, in which 
the work is carried on with the warp in a horizontal 
position. The first method is generally employed 
for high class pictorial work; the second for the 
Ijroduciion of less intricate designs, though in the 
finished state it is difficult to distinguish the fabrics. 
In the fourteenth century some Flemish towns, 
notably Arras, were noto<l for their fine tapestries, 
hence the name “ arras ” eventually became synony- 
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znoas with “ tapestry.” The Bayeaz Tapestry (q.e.) 
is really an embroidered roll of liuen. South Kensln^- 
lon Mosoum contains a very hue collection of tapestry. 

Tape Worms {Hygiene), Parasites which affect 
man and food animals, chiefly under the forms of 
Taeina solium^ T, medioccmcllata^ and T. echinococcus, 
4See Parasitjss. 

Tap GrooYing {Eng,) Cutting the flutings or 
grooves in a tap {q,v.) Usually performed by a 
rotary cutter. 

Tap Hole {Met,) See Tap. 

Taping {Elect, Eng.) Covering a conductor, 
etc., with tape, which forms part of tlic insulating or 
protecting covering. 

Tapioca {Eotyds). A farinaceous substance pre- 
pared from the roots of the plant Cassava^ the name 
given to several species of Manihot (q-v.)^ which 
grow in tropical America and elsewhere. The 
granules resemble those of sago, but are considerably 
smaller. Certain poisonous qualities of the root are 
removed by washing and licating the i>ulp. 

Tappet {Eng.) An arm, cam, collar, or lever 
projecting from some movable part of a machine in 
such a manner that the motion of that part of the 
machine brings it in contact intermittently with 
some other jiart to which it communicates an inter- 
mittent motion. 

or Eccentric ( Weaving). A shedding 

motion pro<luct*d in the power loom by means of 
mechanism termed variously cams, eccentrics, tap- 
I>ets, or wipers, and suitable shafts or levers which 
arc eonnecstod with the healds or heddles. {See 
JjOOM.) The motion is employed for weaving tlic 
simplest forms of plain cloth, ('f. Dobby and 
Jacquabd. In the woollen trade the two chief 
types of tappet loom are (1) the Woodcroft, in which 
the shafts arc both lifted and depressed positively ; 
(2) thjji^ Vorkshirc, in which the lifting motion is 
positive and the depressing negative. In the cotton 
trade the chief types are (1) bo.x tappets; (2) 
sections; (3) oscillating; (4) cams. Some of these 
arc positive and some negative in action. 

Tapping {Eng.) Cutting an internal screw thread 
by means of a Tap {q.r.) 

{Met.) Opening t he tap hole {q.v.) of a furnace 

to allow molten metal to ilow out. 

Tapping Hole(AVi.y.) A hole in which an internal 
thread is to be cut. It is drilled out so that its 
diameter is less than that of the screw wliich ha.s to 
lit into it by twice the depth of the thread ; this 
leaves sufficient metal to form the internal thread, 
the grooves being formed by means of the thread on 
the tap. See Tap and Tap AVbknch, 

Tap Wrench {l^ng.) A two-handled lever or bar, 
used for turning a tap {q.r.) Jt usually has a medial 
hole v/liich Ills the squared head of a tap, different 
sizes being used according to the size of the tap. 
Some forms, however, have adjustable clamping 
pieces, by means of which taps of various sizes can 
be actuated by the same tap wrench. 

Tar. A black viscid product of very mixed com- 
position, resulting from tlie dry distillation of certain 
natural organic substances. ' Not very long ago tar 
was produced solely from wood. At the beginning 
of the nineteenth century, however, tar began to be 
made from coal, and more recently ijetroleiim tar has 
been added to the list. Wood tar and gas tar are 


dealt with separately; but attention is directed to 
the general resemblance existing between the 
methods and results of the dry distillation of coal 
and that of wood. This resemblance aHords an 
additional argument in favour of considering coal to 
be of vegetable origin, although the fact is proved 
without this assistance. In both oases there are 
three distinct products of the distillation — viz. gas 
and two liquids— one watery, the other dark and 
thickly flowing. In both the nature of the distillate, 
although, of course, depending upon the kind of 
substance distilled, is also largely influenced by the 
temperatures used and by the rate at which the tem- 
peratures are arrived at. Again, although there are 
many substances produced by coal distillation which 
are absent from the distillate obtained from wood 
and vine rmd, the two di.stillate3 contain many 
substances in common. 

Wood Tab. — This is prepared as a by-product in 
the manufacture of charcoal. When wood is burnt 
in the open air in “ meilers,” the tar sweats out, and 
is collected in receptacles placed underground near 
the meiler. On the other hand, when wood is 
charged in retorts, the tar is collected in receivers 
exactly as coal tar or any other distillate is collected. 
The wood is heated either by direct fire or by super- 
heated Steam. Both the yield and the composition 
of the distillate depend upon the sort of wood used 
and the other conditions above referred to. Coni- 
ferous wood gives more tar than others, and is used 
for the purpose when it ceases to yield turpentine. 
With slow distillation coniferous wood gives from 
9 to 14 per cent., and otlicr woods from 5 to 11 per 
cent. The tar separates by gravity from the weak 
aqueous solution containing acetic acid and spirit 
among^iher things which accompany it, as it is 
heavier than water, having a specitio gravity averag- 
ing from 1‘1 to 1-2. It hapijens sometimes, however, 
that untapped trees of certain resinous conifers arc 
distilled into tar. In this case the turpentine, which 
also comes over, dissolves the tar into a liquid which 
is lighter than water, and therefore forms the upper 
instead of the lower layer. It is used as produced, 
or after a second distillation, for wateri)roofing and 
preserving ropes and tijubor, Jt is unaffected by 
water as regards its main constituents, and it contains 
creosote, which is a i>owerful antiseptic. The tar 
usually retains some of the crude acetic (pyroligneous) 
acid formed in the distillation of the wood, an amount 
varying from 5 to 15 per cent, according to the dis- 
tillation and the sort of wood used. This is removed 
by neutralisation with lime, and the remaining tar 
will give on distillation from 6 to 15 per cent, of 
“ light oils,” from 15 to 20 per cent, of “ heavy oils,” 
and from 35 to 60 per cent, of non-volatile residue 
known as pitch. Tho pyroligneous acid is used for 
several purposes. For example, it serves to make 
impure acetates used by dyers in mordanting, but it 
is also rectitied for the production of pure acetic 
acid. Tlie methyl alcohol separated out during this 
process is used for denatiirating or methylating 
spirits of wine. Ihe light oils contain benzole and 
toluol, and can be used in dye manufacture. The 
most important constituents of the heavy oils are 
paraffin, csreosote, and guiaool. The two last are ex- 
tensively us(!d in pharmacy, and creosote, which con- 
sists principally of carbolic and cre8>iic acids, is 
extensively employed for waterproofing timber. Tho 
residual pitch of the distillation is used as a protec- 
tion against water, being painted or poured over the 
surface to be protected while hot and liquid. Its 
constitution is complicated and imperfectly known ; 
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but it may be regarded as a mixture of heavy oils 
which have resisted the temperatures employed in the 
distillation with free carbon obtained by the charring 
of the less volatile distillates. The uses of paraffin 
arc chiefly for candle making and as an insulator in 
electrical appliances. 

Coal Tab. — The use of coal tar dates necessarily 
from the introduction of coal gas, and for a long 
time it was only obtained as a by-product of the 
manufacture of that gas. Large quantities are now 
obtained, however, from the coke ovens in which 
coke is prepared from coal for metallurgical purposes, 
when the gas is used to help heat the ovens ; and 
still more from the gases escaping from blast fur- 
naces, which are, of course, huge gas retorts. The 
present annual production of coal tar in England has 
been estimated at 6.50,000 tons from gas works, 
150,000 from blast furnace gases, and (»2,(X)0 from 
coke ovens. Coal tar is a black, viscid liquid having 
a specific gravity of from 1*1 to 1*2. It sinks below 
the watery distillate (which is now the source of all 
the ammonia and ammonia salts of commerce) in 
the gas main, and the two liquids are drawn off 
separately from time to time. Like wood tar, coal 
tar is extraordinarily complex in its constitution. It 
is a mixture of certainly more than a hundred dif- 
ferent substances. It will be gathered from wdiat 
follows that it is a much more valuable commercial 
product than wood tar. The composition of the tar 
is regulated by the same circumstances as that of 
wood tar ; but in general the substances constituting 
it may be classified under the following three heads: 
Hydrocarbons, nitrogenous bodies, and alcohols 
(phenol and its homologues). Tbc most important 
hydrocarbons are benzole, naphthalene, anthracene, 
phenanthrene, and chrysene (^.r.) The nitie^genous 
bases include aniline, quinoline, and pyridine, and 
the most important alcohols are phenol, naphihol. 
and cresol. Tlie tar is distilled in enormous stills, in 
some of which forty tons can be heated at one time. 
Disregarding the minor fractionations which are 
cairied out in practice, the distillates may be divided 
into three main portions: First IllTN^"TNGS and 
Light Oils come over up to 210° C., and form 
from 3 to 8 per cent, of the tar. They contain ben- 
zole and toluol. When the temperature has reached 
210° the Carbolic Oils begin to come over. 
They constitute from 16 to 20 per cent, of the tar, 
and are replaced between 270 and 400° by the anthra- 
cene oils. The carbolic oils contain phenol (carbolic 
acid), cresol, and naphthalene ; while of the anthra- 
cene oils, which also form from 16 to 20 per cent, of 
the tar, the most valuable constituent i.< anthracene. 
There is a final residue of about 60 per cent, of pitch, 
which has the same uses as wood pitch. The various 
volatile c;on6titnents are separated by fractionating 
separately the different distillates obtained in the 
first crude distillation, advantage being taken of the 
differences in their boiling points. Tlie uses of the 
coal tar products are so w^ell known that only a 
passing reference to them is required. The huge 
dye-making industry, w'hich employs hundreds of 
thousands of persons, draws nearly all its raw mate- 
rials from coal tar. Haixlly less important is the 
manufacture of drugs, such as phenacetine, anti- 
pyrinc, etc,, and of photographic developers, such 
as metol and many others, from coal tar. Carbolic 
acid and cresol are well known as among the most 
valuable and widely used disinfectants ; and lastly, 
it should be mentioned that some of the nitrogenous 
bases, such as pyrol and pyridine, are coming into 
use for methylating spirit, as they give a liquid wUch 


cannot be fraudulently renaturated, as is possible 
with ordinary methylated spirit. — A. S. J. 

Targe or Target (u^lrm.) A small shield of cir- 
cular form; a buckler. The term was applied 
generally in the seventeenth century to any form of 
shield used by an infantry soldier as a substitute for 
body armour. 

(Her,^ A charge representing a circular 

shield. 

Tarsia* A kind of mosaic woodwork forming a 
panel ; a style of decoration in vogue in Italy in the 
fifteenth century. The designs often comprised 
architectural features, foliage, and even landscapes, 
and were effected by meiuis of various woods either 
naturally or artificially shaded. 

Tartan {Teojtile Manvfac.) A fabric, originally 
produced in the Highlands of Scotland, of a plaid or 
check pattern. 

rcnoHCOosbOl 

Tartar Emetic (67i^{.) -[ | Lll«0 or 

ICHOHCOOK j 

CHOHCOO. ) 

I ^Sb . OK Lll.,0 (Potassium aniimonyl 

CHOTTOOO'^ J “ 

tartrate). CJolourless rhombic octahedra, which 
effloresce on exposure to air ; soluble in water (1 part 
in 15 parts at lf>°). roi>onou8, but in small doses it 
acts as a sudorific; in larger doses as an emetic. Its 
solution gives a precipitate with tannic acid ; it 
also decolorises a solution of iodine (basis of estima- 
tion). It is prepared by boiling 4 parts antimony 
tricxide, 5 parts cicam of tartar, and 60 parts 
water, filtering if necessary, and allowing to stand 
till crystallisation occurs. 

CIIOIICOOH 

Tartaric Acid {Chvm.) | (Dioxy- 

CHOHOOOH 

succinic acid.) As this compound contains two 
asymmetric carbon atoms having the same jjidicals 
attached to each, it can occur in a dextrorotatory 
form, in a laevorotatory form, and in two inactive 
forms, one due to internal compensation (meso- 
tariaric acid), and tlie other due to a combina- 
tion of equal quantities of the two active forms 
(racemic acid). See Stereoisomerism. Dextro» 
tartaric acid is the ordinary tartaric acid. Coluiirlos.s 
monoclinic prisms ; melts at 153° or 167°-170° if 
rapidly heated ; very soluble in water (138 in 100 
parts at 15°) ; soluble in alcohol (20-4 jiarts in 100 
at 15°) ; the aqueous solution is dextrorotatory, 
the specific rotation varying with tbc concentration. 
Wlien heated with water (10 parts acid to 1 part 
water), it is changed to a mixture of racemic acid 
and mesotartaric acid ; at 165° little of tho former 
and mucli of the latter, while at 176° the reverse is 
the case. A solution of tartaric acid prevents the 
precipitation of hydroxides from salts of copper, 
iron, aluminium, and many other metals by alkalis. 
On careful oxidation it yields dihydroxytartaric acid 
iq.v .) ; powerful oxidising agents give carbon dioxide 
and water. When tartaiic acid is dry distilled, it 
yields among other products pyrotaitaric acid (^.v.) 
and pyruvic acid {q.v.) On reduction with hydriodic 
acid it yields first malic acid, then succinic acid. 
Ammoniacal silver nitrate oxidises tartaric acid (its 
salts), on warming, to carbon dioxide and oxalic 
acid. See Silver. Tartaric acid occurs chiefly as 
acid potassium tartrate (cream of tartar), especially 
in grape juice; on fermentation the tartrate is 
deposited after a time, and the crude deposit is 
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called argol, or, after reorystallisation, tartar ; when 
crystallised till pare the product is called Cbeam oy 
Tabtab. This salt also occurs in many common 
fruits and vegetables, such as cucumbers, berries 
of mountain ash, mulberries, sorrel. The acid also 
occurs in the same things as calcium salt, but in 
much smaller amount. On the large scale tartaric 
acid is obtained from argol by adding water and 
boiling by steam, then adding powdered chalk : 

2KnT + CaCO, * Caf + K,T + H^O + CO^. 

The calcium tartrate is filtered off, and the solution 
of potassium tartrate precipitated by calcium 
chloride (or gypsum) : 

KgT + CaClj « CaT + 2KC1. 

The whole of the calcium tartrate is washed and 
decomposed by warm dilute sulphuric acid, the 
calcium sulphate filtered off and washed, and the 
filtrate concentrated in steam-heated leaden pans 
to crystallisation. The coloured crystals arc dissolved 
in hot water, decolorised by animal charcoal, and 
again crystallised with addition of a little sulphuric 
acid. For medicinal purposes the product is rc- 
crystallised. Synthetically dextrotaitaric acid is 
obtained by the resolution of racemic acid into its 
components; the racemic acid is made into sodium 
ammonium racemate, and the solution of this s?ilt 
slowly crystallise<l. Crystals with right and left 
hand hemibedral faces separate, which can be 
separated by hand. On making each into the lead 
salt and decomposing the -latter by sulphuretted 
hydrogen, the dextrohcmihedral crystals give dextro- 
tartaric acid ami the others lasvotartaric acid. This 
wa> the first instance of the resolution of an optically 
inactive substance into its active components, and 
the resolution w’^as effected (IS-IT) by Vasteur at the 
age of twenty-five. Racemic acid can also be re- 
solved by c»>mhining it witli a number of active 
alkaloids — e.ff. with quinine, in which case the salt 
of dextrotartaric acid crystallises finst. Lo'vo- 
tartvfhic acitJ is similar to dexti*otartaric acid, except 
that the crystalline form is the mirror image of that 
of the dextro acid, and its solution is laevorotatory. 
It is f)btained, as described al)Ove, from racemic acid : 
and w'hen a solution of racemic acid is fermented 
with penicillinra glaucnm, the dextro acid i> 
destroyed, while the hevo acid remains. lUCEMlc 
A(’ID fc'rms triclinic prLsms containing one molecular 
proportion of water of cry.stallisation, which it loses 
at 100" in 110°; melts at 205°; less soluble in water 
than tartaric acid ; it.s solution is optically inactive ; 
chemically it behaves like tartaric acid, but on 
reduction with hydriodic a<*id it gi^'cs inactive malic 
acid. It is formed by the union of ecjual quantities 
of the dextro and locvo acids with evolution of 
heat, and from tartaric aci<l as before mentioned. 
Synthetically it can be obtained from fumaric acid 
by oxidation witli potassium permanganate: along 
with incsotartaric acid, from the silver salt of dibrom- 
succinic acid by boiling it with silver oxide and 
water, 

CH BrCOOAg CHOU COOAg 

1 + 2AgOII -= I + 2AgBr, 

CHBrCOOAg CH OIICOOAg 

and also along with mesotartaric acid from glyoxal 
by the scries of reactions indicated in the scheme ; 

CHO ^ CH<0« ^ CH.OH.COOH 

ino CH.OH.COOH. 

Mbsotabtaric Acid. This compound is inactive 


by internal compensation. See AtbbeoisomibbisM. 
Crystallises In rhombic tables with one molecular 
proportion of water of crystallisation; melts at 
14(F ; soluble in water (125 parts in 100 parts at 16°) ; 
obtained from dextrotartaric acid as before men- 
tioned, and separated by converting the product into 
the acid potassium salts, of which the mesotartaric 
is very soluble in water, while the dextrotartrate is 
very sparingly soluble, also from the mixtures of 
mesotartaric and racemic acids by conversion to the 
calcium salts, of which calcium meaotartratc is the 
more soluble, also from maleic acid by oxidation 
with potassium permanganate. Tabtbatbs. Add 

CHOHCOOH 

potamum tartrate^ or cream of tartar, I 

CHOHCOOK 

crystallises in rhombic prisms ; sparingly soluble in 
water (1 jiart in 200 parts at 15°), less soluble in 
alcohol. Can be prepared from tartar i<) by dividing 
a given solution of the acid into two equal parts, 
exactly neutralising one pai’t with caustic potash, 
and then adding the other part ; on the large scale, 
as before mentioned. It is used in making black 
flux, in dyeing, and in medicine. Sndium potassium 
tartrate (SeJgnette’s salt, or Kocbelle salt); rhombic 
prisms; soluble in water; obtained by neutralising 
cream of tartar with sodium carbonate. Used in 
silvering glass (^sea SiLVEii), and in medicine. 

CHOHCOO 

Calcium tartrate, | ^Ca, crystallises in 

CHOHCOO 

rhombic prisms containing four molecular pro- 
portions of water -when calcium chloride is 
added to a neutral solution of a tortrate; very 
sparingly soluble in water (1 part Cal\H.p in 0,265 
parts water at 1 5°) ; soluble in allmlinc tartrate 
solution, and in caustic soda or potash. Potassium 
anfimoinj tartrate. See Taktab KmbtiC. 

Tartrates QCJiem.) Salts of Tabtabic Acid (t/.r.) 

Tartrazine (Chem., Dyeing), See Pihydkoxy- 
tabtabic Acid. 

Tar Well {^Oas Mamvfac.) See Gas Manufac- 
ture. 

TassetB {Arm.) A pair of metal appendages, often 
jointed and flexible, which hung from the cuirass or 
corsclet to protect the thigh.s in front. Worn during 
the fifteenth, sixteenth, and seventeenth centuries, 

Tasto Solo {Music). Implies that the notes arc to 
bo played without accompanying harmonies. 

CH.,Nli, 

Taurine {Chem.) I “ (Araidoiselhionic 

CH,SO,OH 

acid). Colourless monoclinic prisms ; melts witli 
decomposition about 240°; soluble in water, insoluble 
in alcohol. It behaves as a weak acid. Nitrous acid 

CIljjOH 

converts it into isethionic acid 1 

CH^SOjjOH. 

Taurine occurs free in bile, but chiefly in combina- 
tion with cholalic acid as taurocholic acid. The 
latter yields taurine on hydrolysis, 

CH,NII, 

O.H„NO.S . H,0 - * W, 

Tanrine can be obtained from ox-bile by adding 
hydrochloric acid, filtering, and concentrating when 
a* resinous mass separates; the aqueous solution 
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ponred off, farther concentrated, filtered, and the 
taurine precipitated by alcohol j it is reorystallised 
from water. 

Tanroc^olic Acid Needles; 

very soluble in water and in alcohol, leas soluble in 
ether ; when boiled with water it is hydrolysed. See 
Tattbine. The solution is dextrorotatory. It occurs 
as the sodium salt in bile; to obtain it bile is precipi- 
tated with lead acetate, which separates glycochollc 
acid, filtered, and the filtrate precipitated 1 ^ basic 
lead acetate. The lead taurocholate thus precipitated 
is decomposed by sulphuretted hydrogen. 

TautomeriBin {^Ch&nt.') Many substances are 
known which react as if they possess more than 
one formula. For example, ethyl acetoacetate (j'.t?.) 
reacts as if it has the two formulae : 


CH, 

1 


CH, 

1 

CO 

1 

and 

C.OH 

II 

CH. 


OH 

1 

COOC.,Hj 

— -v ..... v.. 

j 

COOC.,H. 


CO 


HjC 

OCl 


CH^ 

CO 


and 


IIO.C 


C.OH 

'" 0 ’ 


Oil 


CIIj Cil 

wilile l-pheiiyl-3-methyl-5-pyrazolonc Qiee Ttrazolb 
A^’D ITS Debivatives) can react as if it has three 
formulae. To this phenomenon many names have 
been given, such as Tautomerism, i* 8 cudomerism, 
Desmotrophy, Of these, perhaps the commoiJt?st is 
the first one. In the above examples, although the 
substances react as if they have more than one 
formula, they are only known in one form ; but in 
some cases the so-called tautomers arc known in 
more than one form. Emimples of such are : 

Ethyl diacetylsuccdnate : 

CII,CO . CII .‘C00C,,Hj^ CII 3 . ( OH : C . COOC.lIj 


VllfO . on . COOC,TT. CH 3 . C(Oir) : C . COOG^lIj 

Keto form (two solid fornts). Eiioi form (liquid). 

Al.l's. i;8« and Sg". 


/C.OH.Cyj^ 


Debenzoyl methane : 

ycoc.H, 

H..C< ITC^ 

NC'OCjIIi \C‘O.C,Il 5 

Ethjl and metliyl mcsityloxideoxalatc : 

: cn . CO . CH,,. 00 

COOCJIj 

Keto form. M.P. 20®. 


: CH . CO . cn : C . Oil 

COOCjHj 

Enol form. M.P. 50” — 00”. 


ionising solvents bringing about the change far more 
rapidly than non-ionising-*thus In chloroform the 
change is very slow, in benzene and carbon disulphide 
it is slow, but in methyl and ethyl alcohol the change 
is rapid. Thus it must be assumed that in these 
cases ionisation occurs. With some tautomers 
equilibrium between the two forms occurs on solu- 
tion ; this is the case with nitrocamphor, which is a 
solid, and only known in one form in the solid state, 
but, as the change of rotatory power on solution 
shows, it must be present in solution in two forms — 
the normal form and pseudo form : 

/CHNO, /OiNO.OH. 

CJI / I and CsH,<( | 

\tX) \CC) 

The determination of which of the possible formal® 
of a taiitx>meric substance is to l)e assigned to it is 
carried out by physical methods ; cxam;> 1 es of such 
determinations are given under MoLEOUhAR Mao* 
NETIC KoTATIOK, MOLECULAR llEPBACTIVE I’OWER. 
Spectrum Analysis. It will bo seen from the 
foregoing that tautomerism is nothing more than 
ordinaiy i.somerism between substances which can 
pass somewhat readily into each other ; that is to 
say, no very sharp line of demarkatioii exists be- 
tween tautomerism and ordinary isomerism. Moat 
tautomeric compounds contain a niobilo hydrogen 
atom. When the mobile group is complex, the change 
of one tautomer into the other becomes more difficult 
to effect ; this isoacetopheiione ethyl ether is only 
changed into phcnylpropyl ketone on prolonged 
heating to a high temperature ; 


C,ll,C0 . GJT, 


. CMl, 

Cyir. . CO 


When the two tautomeric forms can exist in equili- 
brium with each other, the phenomenon is called by 
some chemists “ dynamic isomerism.” A metliod of 
determining the ])Oint of equilibrium in such cases 
has been devised by Lowry; it d( 5 peiids on- the 
measurement of the solubility of one of the isomers, 
or better, when the .substance is optically active, of 
the change in rotation which occurs on solution, for 
the two forms will not have the same sjiecific rota- 
tory jjower. Suppose a tautomeric substance A to 
be known in one fomi only ; let it be dis-solved in 
a solvent in whifdi the change into the form 11 is 
nut quick— * say it takes days, determine its solu- 
bility at once by thoroughly shaking an exce.ss of A 
with the solvent until the latter i.s Batiirat.ed, and 
then fincling bow much is <lihsolved in a given 
weight of the solvent. Now set aside a pait of the 
saturated solution in contact with excess of A ; as 
A transforms into L, mortj of A will go into solution, 
and this will (continue until equilibrium is estab- 
lished between A and B in solution and be.tween 
the solid and liquid phases of A. Determine the 
solubility under the new conditions, and it is clear 
that if a is the first solubility and /J the second, w© 
have equilibrium between o of A and (/3--a) of B. 
A similar argument holds for the change in s|)ecific 
rotation. 


We will illustrate the relations between the two 
forms a little more fully in the last case. I’he enol 
form goes over into the keto form on prolonged 
heating on the water bath; the keto form passes in 
l)art into the enol form on prolonged beating at 
130°; the enol form shows the higher refracstivc and 
dispersive power for light. In this case, on solution 
the enol appears to pass entirely into the ketol, but 
the solvent exercises a great iniluence on the speed, 


Tawing (^Leather ManvfacJ) Tlje proce.ss of 
dre.ssing skins for glove leather by means of alum, 
.salt, flour, and egg. 

Tazza. A large shallow ornamental cup or bowl, 
mounted on a foot and g(*noralIy having two handles. 

T-Bolts or Tee BoUb Bolts witli large 

beads (usually rectangular), forming a T. Thc^y are 
u 8 ed in the tee slots (^.e.) of machine tables. 



Te {Ohem.') The symbol for Tellurium 

Tea (^Foodn), Tea oonsistR of the dried leaves of 
a ehrub, Th^a grown in China, Japan, India, 

and Ceylon. Green tea differs from black solely in 
the method of preparation, the former being dried 
over wood fires when fresh, the latter being dried 
slowly over* charcoal fires after lying in heaps 
(withering) for about twelve hours. IW contains 
albumin, extractives (about 15 per cent.), dextrine, 
mineral salts, tannin (about 13 per cent.), oil, and an 
alkaloid known as thein (about 3 per cent.) Tea 
should be made with boiling water and not allowed 
to stand longer than five minutes, otherwise the 
quantity of tannin extracted renders the infusion 
astringent and unwholesome. If soft water be used 
a less quantity of tea is required. As a beverage tea 
is valuable as a nervous stimulant ; but the abuse of 
it leads to a weakened digestion, constipation, and 
sometimes nervous depression. See Foods. 

Teak. See Woods. 

Teazin^ {Woollen Marntfac.) The operation of 
mixing the wool prior to carding (^.r.) 

Technique (Arfcv). The mastery of detail and the 
qualities of hand and eve that result in technical and 
manipulative skill. 

Tedge {Fomulnj'). A Gate or Uunnek (</.<’.) 

Tee Bolt, etc. See T-Bolt. 

Teeming {Met.) I'ouring out molten metal. Used 
es]>eciaUy by the steel makers in the North of 
England. 

Tee Slots {Fng.) Slots formed on the surface of 
the table of a j)laniug machine or shitting luaciiiiie, 
etc., in order to hohl the heads of I'ee Bolts : the 
cross-section of the slot is in the .shape (if a T, and 
of siudi a size that the b(fit can be ins(^rk‘d at one 
end, and then moved along it to any point at which 
an oiiject has to bo bolted to the table. 

TeBtmones {Arolriteet.) See Atlantes. 

Telegraph and Telegraphy, The simplest form 
of telegraphic ai)paraius consists in priiudple of 
a galvancjmcter (the IlECKiVTNd Instrument or 
KEUJilVEB) conmjctod by an insulated wire (the 
I.INE) to a battery and to a transmitting key, or 
TATPKJi, lilaeed at a distant stathiii ; the circuit is 
usually completed through the eartlj, to whic'h both 
ends of the system arc connected. By moans of the 
transmitLing key an operator can cause a current to 
How in eilber direction at will, thus producing a 
deflection of the receiving needle either to the right 
or the left. The instrument can thus transmit two 
distinct signals, which may be combined together 
in any manner desired, e.g. to produce an alphabc't 
and other signals desired; the combination of signals 
in general use is that known as the Morse Alphabet 
or Morse Code. 

The t.wo signs used are generally represented as a 
dot and a (lash, and the alphabet is formed as 
follows : 



Other combinationB of dots and dashes are used 


to indicate figures, and also certain other signs wad 
abbreviations. 

The single needle instrument may be replacsed by 
one with two needles; or an instrument may be 
used in which a sound is produccxl by the motion of 
an armature attracted by an electro-magnet. By 
employing an instrument which can give two distinct 
sounds, or by using long or short intervals between 
successive sounds, the two signals necessary for the 
Moebb Code can be obtained. The receiving opera- 
tor reads the message by ear alone, and can write 
it down as it is received. When the line is of great 
length, and the transmitted currents are feeble, 
either 'a very sensitive receiving instrument is used, 
or a relay {q.v,) is fitted to the receiving instrument, 
which is then actuated by a local battery, the feeble 
current in the line being utilised to actuate the 
relay. 

The above instruments have the two great dis- 
advantages that no permanent record of the messages 
can be obtained, and that the speed of transmitting 
is very limited. Both these defects aro overcome 
in printing or writing instruments. In these tbo 
current actuates an instrument which can make a 
mark upon a long strip of paper drawn through the 
receiver by mechanism. To obtain the two distinct 
signals; the marks may be made short and long 
(“dot and dash”) as in the Morse Printing Tele- 
graph, or a continuous line may be produced, which 
remains .straight so long as no current is sent through 
the receiver, but is bent into a sinuous form if the 
writing device be dellecled to one side or the other 
by the action of tlie current. The Kelvin Siphon 
Recorder is of the latter type, the line being drawn 
by ink fiowing from the end of a fine tube, bent into 
a* siplfi^f , and dipping into a reservoir of ink. The 
deflection of the siplion is produced by a coil sus- 
pended between the poles of a magnet, the passage 
of a current through the coil causing it to turn, as 
ill the lyArsonval Galvanometer. lncToa.sed speed 
is attained by a mechanical mtfihod of transmission. 
A strip of jiapcr is pc^rforated with holes arranged 
to correspond with the dots and daHho.s of the Mor.se 
code, and the strip is then drawn through a trans- 
mitting instrument so con.striictcd that a hole in a 
particular j)osil ion causes the circuit to bo completed 
and a current sent through the line. The Btrip.s arc* 
perforated by a machine worked by hand, but a long 
message may be prepaiod by employing a number of 
operators simultaneously, the strips being afterwards 
Iiassed through the transmitter in succession. By 
this means the speed of transmission may be increa.sed 
ten-fold or even more, a matter of great importance 
when a number of lengthy messages have to be sent 
over a given system. In a recently invented foru» of 
writing telegraph the record is obtained by the action 
of a beam of light on a strip of sensitised paper, 
which is afterwards developcil and fixed ; the (leilec- 
tion of tlie beam is produced by the movement of 
a very small mirror, such as is used in reflecting 
galvanometers. I’he moving parts are very light, 
and the necessary motion very small, so that the 
mirror responds very rapidly to a very small current. 
With this telegraijh, developed by Virak and Poliak, 
the extraordinary speed of 1,000 words per minute 
is said to have been attained. Printing telegraphs 
have also been devised to record the message in 
ordinary characters ; they may be roughly described 
as electrically worked t^Tpewriting machines, in 
which a keyboard at one station actuates printing 
mechanism at another by means of an electrio 
current 
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Land Lines, or the wires used for ordinal^ 
telegraphy on land, are usually of bare iron wire, 
having a resistance of about 16 ohms per mile ; they 
are attached to insulators of earthenware, carried on 
the cross bars on the poles. But the use of under- 
ground wires is increasing, owing to frequency of 
breakdowns in aerial wires through storms and other 
causes. Such wires are necessarily coated with 
insulating substances, and further covered with 
some material to protect them from the action of 
water. Submarine Cables require still further 
protection, and arc usually surrounded by a sheath 
of wires, covered with hemp and guttapercha. 

The testing of the wires forms a very important 
branch of the telegraphist's work, and breakages, 
contact between two lines, a complete or a partial con- 
nection to earth, can all be detected and the position 
of the fault found by an operator perhaps many 
miles away. Many of the methods emploj^ed depend 
on the accurate measurement of resistances, the 
form of Wheatstone's Bridge (y.w.) termed the Tost 
Office Box being largely used in this connection. 
ITie electrical capacity of a system is also in certain 
cases a guide to the detection of a fault. 

llurLEX telegraphy consists in sending messages 
along a single wire in both directions at the same 
lime ; in the commonest case this is effected by 
connecting the instruments and the line to the earth 
by suitably adjusted resistances, forming a c^ombina- 
tion of conductors resembling that of a Wheatstone 
Bridge. In Liplex working two messages may be 
sent simultaneously in the same direction, special 
instruments being used which only act when the 
current Hows through them in one direction. In 
Quadbuplex telegraphy, two messages may be sent 
each way simultaneously, a combination 6f llio 
Duplex and Diplex methods being employed. 

Telegraphy, Wireless JSng,) Sac Wireless 
Telegraphy. 

Telelconograph. An instrument consisting of a 
combination of the telescope and the camera lucida 
invented by M. I{6voil. The camera lucida is 
attached to the eyepiece of the telescope in such a 
manner that an image of objects coming within the 
field of view appear to the observer to be projcctenl 
on a sheet of paper placed below the eyepiece so that 
the outline can easily be sketched. The scale of the 
flrawing depends on the distance the paper is placed 
from the eyepiece. 

Telemeter (Surveyrng). An American term for 
the stadia (^.v.) 

Telephone. One of the most typical forms of 
telephone is that of Bell. This contains a thin 
circular plate or diaphragm of iron, supported at 
its circumference ; a bar magnet is placed with its 
axis at right angles to the diaphragm, and one pole 
placed opposite and close to the centre. A coil of 
fine wire surrounds the magnet, being placed close 
to the same pole. When sound waves fall upon the 
diaphragm the latter is caused to vibrate, and as 
the iron approaches or recedes from Die pole of the 
magnet, induced currents are set up in the coil of 
wire. If the latter be connected by wires to the coil 
of a similar instrument or Receiver placed at a 
distance, the induced currents, in flowing through 
the second coil, will set up vibrations in the diaphragm 
of the receiver, which correspond very closely to 
those of the first or transmitting *' diaphragm, and 
the original sounds will be closely reproduced. 
This instrument is now used chiefly as a receiver. 


and in many cases the original form is very closely 
adhered to. Its use as a transmitter was, however, 
abandoned at an early date, and a different form of 
instrument substituted for this purpose, by wliich 
the effects were very greatly improved. Modem 
transmitters are bas^ upon the principle of the 
Microphone (q.v,) The original microphone of 
Hughes was a light pointed rod of carbon, supported 
loosely in a vertical position between two carbon 
blocks ; the instrument was connected in series with 
a battery and a telephone receiver, and the current 
entered the microphone by one block, passing through 
the carbon rod and the two loose contacts, and left 
by the other block. Ho sound is hoard in the 
receiver so long as the current is steady ; but a very 
minute movement of the carbon rod causes a variation 
of the resistance of t he circuit, and a corresponding 
alteration of the current, which produces a movement 
of the diaphragm of the receiver, and consequently 
a sound. The vibrations of the receiving diaphragm 
are much stronger than the original ones, and sounds 
as minute as those produced by a fly walking over 
the base board of the microphone, are distinctly 
heard on the telephone. In modern transmitters, 
the sound impinges on a metal diaphragm, behind 
which lie loose carbon contacts, often in ilic form of 
small grains ; the electrical connections follow the 
same principle as in the original instrument. 

The action may be improved in long lines by the 
insertion of a small induction coil in the ciicuit. 
The transmitter and batteiy' arc included in the 
primary coil, and the secondary coil, which has a 
much larger number of turns of wire, i.s connected 
in series with the transmitting wires or “ telephone 
lino,*' and with the receiver. By this means a much 
higher voltage, and consequently a stronger current, 
is obtained in the receiving circuit than would be 
the case if the coil were not userl. 

A simple form of telephone “set” consists of 
receiving and transmitting instruments, a call-bell, 
and a bell-push by which the bell at t)ic rer3iving 
end of the line can be rung: the induction coil and 
battery may also be incl'ided. The receiver when 
not in use is hung from a lever forming part of a 
switch, which connects the line to the call bell, so 
that the latter can be rung to attract attention ; on 
removing the receiver from its support, the lever 
rises and operates the switch in such a way tliat the 
line is discunoected from the bell, and connected to 
the receiver itself, so that a message spoken into the 
transmitter at the other end can now be heard. 

Inter-communication between different subscribers 
is effected by moans of an Exchange ; a subscriber 
first *• calls up,” or gets into communication with, an 
operator at the exchange. The signal necessary to 
attract the operator's attention is either given by 
means of a bell, or the mere act of removing the 
receiver from its support may automatically supply 
the signal at the exchange, either by actuating a bell 
or lighting up a small glow lamp ; the operator then 
connects up the first subscriber's instrument to that 
of the second subscriber whose number is quoted, by 
means of a switch board to which the necessary 
wires are attached. The arrangements of the wires 
and switch boards are very ingenious, but too 
complex for a brief description. 

Telescope. An optical instrument by which an 
image of a distant object is produced, this image 
being viewed ^through a magnifying eyepiece. Tele- 
scopes may be divided into two classes, according 
to the means employed to produce the image. In 
Class 1 , Refracting Telescopes, the image is pro- 
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dnoed by a lens termed tbe Objbgt Glass or 
Objbctive ; in Class 2 , Reflegtinq Telescopes, 
the image is produced by a concave mirror of large 
radius, termed a 8 pecuL0H. 

(1) The object glass of a refracting telescope is an 
achromatic lens of long focus, which produces a real, 
inverted, and diminished image of the object observed. 
In tbe Astbonomigal Telescope this image is 
viewed through a lens or system of lenses acting as 
a simple magnifying glass, which produces a vertictil, 
magnified, and inverted image ; the inversion is, how* 
ever, of no moment in astronomical work. A TebbeS* 
TBIAL Telescope possesses an erecting eyepiece, 
usually consisting *of four similar planoconvex lenses, 
separated by distances depending on their varying 
foci. Galileo’s Telescope, which forms the 
optical system of a modern Opera Glass, possesses 
a concave eye lens, which is placed between the 
object glass and llic image produced by the latter. 
By this means an erect and magnified image is 
produced. 

(2) Reflecting telescopes possess several distinct 
advantages, especially for astronomical work. They 
can be made of much greater aperture than refract- 
ing telescopes ; (diromatic aberration is entirely 
absent, and spherical aberration is avoided by 
making the speculum parabolic instead of spherical 
in form. The mirror may be constructed of glass, 
ground to shape and silvered ; or of speculum metal 
(an alloy of copper and tin), which is capable of 
receiving a high polish on its surface. Reflectors 
differ in the method employed for viewing the image. 
In Uebsohel^s Telescope the axis of the mirror 
is inclined so as to throw the image to the side of 
the tube, the eyepiece being suitably placed to 
receive the image. In Newton’s Telescope a 
small plane mirror is placed inside the tube, so as to 
receive the rays after reflection from the speculum, 
and reflect them again towards the eyepiece, which 
is placed at the side of the telescope and directed to- 
wards^he plane mirror. In Guecoky’s and Casse- 
grain’s Telescopes there is a small curved mirror 
placed axially inside tlie telescope tube. This re- 
ceives tbe rays after reflection from the speculum, 
and reflects them back through a central aperture in 
the speculum ; the eyepiece is placed so as to 
receive the ra} s through this ajxjrture. 

Mounting op Telescopes. — Terrestrial tele- 
scopes require nothing more than a tripod stand 
which supports the telescope at a convenient height 
and enables it to be turned in any required direction 
by means of a suitable joint Astronomical telescopes 
have much more elaborate forms of mounting, 
depending on tbe special purpose for which tbe 
instrument is required. The Transit Circle con- 
sists of a telescope mounted on a horizontal axis 
pointing due east and west and carrying a vertical 
graduated circle ; tbe telescope therefore always lies 
in the meridian. For observations of bodies not on 
the meridian, and for continuous observations, other 
forms of mount are necessary. Tbe Altazimuth 
instrument has two axes, one vertical (the Primary 
Axis), the other (or Becondart Axis) being hori- 
zontal, and carried by tbe former. Each axis carries 
a graduated circle by which it can be brought into 
any position, or tbe angle through which it has 
been turned read .off. An Equatorial instru- 
ment has also two axes, the secondary being 
horizontal, but the primary one is inclined so as to 
point in the direction of the pole. This axis carries 
a graduated circle termed tbe Hour Circle, while 
the horizontal axis carries what is termed the 


Declination Circle. The figure represents a small 
portable Equatorial by DoUond ; the object glass 
of 3 in. a|)erture and 3 ft. 6 in. focal length. 



A is the body or tube of th(? telescope ; the object 
glass is at B ; c is tbe eycj)iece (a terrestrial eyepiece 
is shown in tbe figure, tbe four lenses being placed 
at D,, Dg, Dg, i>^). E is tbe Finder (^.r.) The primary 
axis is at f, inclined so as to point in the direction 
of the pole. The graduated circles are shown at 
G and H. The telescope is turned while a star is 
being observed by means of the handle K, so that 
the object always remains in the field of view. 

Various accessories are used with astronomical 
telescopes, such as a Finder (y.w.), Verniers, and 
Reading Microscopes for determining the exact 
angular position of the instrument by reading the 
graduated circles ; Tangent Screws for effecting 
small or gradual movements of these circles ; CROSS 
Wires in the eyepieces; some arrangements for 
illuminating the wires; and many other devices. 
Devices are also used for photographing celestial 
bodies, and for observing their spectra, but these do 
not form part of the telescope proper. 

Telesoople Pipes (-^^., etc.) Pipes which slide 
into one another at the joints, like the tube of a pocket 
nautical telescope, so as to admit of a certain amount 
of lengthening or shortening. They are often used in 
pumping water from coffer dams, mine shafts, etc. 

Teleseopie Shaft (^Ejig.) A shaft constructed in 
a similar manner to a telescopic pipe to allow of 
longitudinal extension. 

Telescopic Stars (A^fron.) Stars that are In- 
visible to the naked eye, and require a telescope to 
observe them, cy, Stab Magnitudes. 

Telespeetrosoope (A«frun.) A combination of 
telescope and spectroscope for analysing the light of 
the celestial bodica 
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!Fell Tale (^^.) An indicator used to show when 
a certain number of revolutions has been made by a 
machine. a WiWDiKO Engish (g'.e.) ; also similar 
automatic devices used in various machines to indicate 
the completion of a certain series of movements. 

(ifcfw^/e). In organs the weight suspended 

from the bellows, which falls and rises as the 
reservoir fills and empties. One is generally in view 
of the organist and another in view of the blower, 
when blown by manual labour. 

Telluric Bismuth {Min.) Telluriclc of bismuth; 
sulphur and selenium are also present in some cases. 
Hexagonal system. Colour pale grey. Fouml in 
Cumberland, Norway, Sweden, Hungary, United 
States, etc. 

Tellurium Tc. Atomic weight, 127-6. A 

lustrous white metal (or metalloid) Ixdonging to 
tlroup A"l. of the Periodic system; melts at 452°; 
boils at 478° in the vacuum of the kathode light ; it 
can be distilled in a current of hydrogen, and may 
be purified in this way; crystallises in rhombohedra. 
Its va)X)ur density corresr)Onds to the fonnnla Te,. 
Tellurium burns vith a blue llame when heated in 
air to the dioxide; it is soluble in a concentrated 
solution of caustic i)otash, forming a red .solution 
which contains potassium tclluride and j>otassium 
tellurite; nitric acid oxidises it to tellurous acid. 
Tellurium occurs free, and as graphic tellurium (Ag . 
Au) Tcg as nagyagite ^Au . rb)a(Te . »S . Sb)^ 

((/.r.), as siher Icllunde (Ag_,Te), ami as bismuth 
telluriclc (BUTCj). It can be obtained by boiling the 
ore w-iih (joncentraled sulphuric acid, diluting the 
bolution, and adding hydrochloric acid; gold and 
silver are thus separated, and on passing a^ulphur 
dioxide into the clear solution tellurium is precii>i- 
tated. For a purer product the whole operation is 
repeated; it may be farther ] urified as imitcated 
al>ove. \Vhen ]>recipita»ed from its solution by 
sulphur dioxide, the tellurium is in an amorphous 
comliiion. Jtadioaetivo tellnriiim is t lie name given 
to the deposit formed when hisrmith is immerhcd in 
a solution which contains polonium. See PvADIUm. 
This deposit consists chiefiy' (»f telliiriuiu, and is 
strongly radioactive, but the aciivity is not due to 
tellurium, for the latter can be juccipitateil from the 
active solution in an inactiie state. Tlllvbidksj. 
Tclluretted hydrogen, lUTe, is a colourless gas; boils 
atO®; melts at ; it has an offensive odour like 
sulphuretted hydrogen, and is solutfie in water. It is 
very readily decomposed ; light decomjKJses it, and 
it is partly decomposed on heating Tell„ ^ Te + H.^; 
it is also decomposed on contact wdth moist air. 
Tclluretted hydrogen precipitates telluride.s from 
salt solutions like sulphuretted hydrogen precipitates 
sulphides. The gas is obtained, mixed with hydro- 
gen, by the action of a dilute acid on magnesium or 
zino telluridc ; or in nearly pure eonditiim by electro- 
lysis of 60 per cent, sulpliuric acid at —15° to —20°, 
using tellurium as kathode. Metallic telluridcs are 
obtained by heating the corresponding elements 
together; the alkaline tellurides can also be obtained 
by passing tellurottetl hydrogen into a solution of 
the alkaline hydroxide. Chlobidks. The dichloridc 
TeC'LJs a black solid which melts at 175° and boils 
at 327°, giving a vapour which has a characteristic 
aV)sorption ajicctrum ; it is decomposed by water : 
2TeCl.^ + Tc + H.^TcO, + 41K'l. It is formed 

by heating tellurium in chlorine, boiling the product 
with more tellurium, and distilling. The tetra- 
ohloride, TeCl^, is a white crystalline solid; melts 


at 224°, and boils at 380° ; it is deliquescent, and. de* 
composed by water, giving an oxychloride and tellu* 
rous acid in the cold, the latter alone on boiling. It 
is prepared by heating tellurium in excess of dry 
chlorine. Oxides. Tellarium dioxide, TcO,, is a 
white crystalline solid, practically insoluble In water ; 
it dissolves in caustic soda or caustic potash, forming 
tellurites NegTeO, and E^TcOa ; it is formed by burn- 
ing tellurium or by dissolving it in nitric acid and 
crystallising above 20°. Tellurium trioxide, TeO„ Is 
an orange yellow crystalline solid; when strongly 
heated it gives the dioxide ; water does not act on 
it. Boiling concentrated caustic potash gives potas- 
sium tellurato ; boiling hydrochloric acid gives tel- 
luric acid and chlorine. It is prepared by heating 
telluric acid. ACIDS. Tellurous acid, HgTcOj, is a 
wliito amoq^hons solid, sparingly soluble in water, 
more soluble in aciils ; on lieating, it re.-idily yields 
the. dioxide; it is a feeble acid, and dissolves in 
I alkalis forming tellurites ; potassium permanganate 
oxidises it to telluric acid. Tellurous acid is obtained 
by dissolving tellurium in nitric acid and immediately 
adding much water when the aci<l is precipitJited. 
Telluric acid, llJlcOg, crystallises in wdiite rnouocliuic 
prisms ; soluble in water ; it is a feeble acid ; it dis- 
! solves ill alkalis forming tellurites ; it is reduced to 
tellurium by sulphur dioxide and many other reducing 
agents. It is prepared by dissolving tellurium in a 
mixture of nitric and chromic acids, crystallising the 
solution, washing the crystals witli nitric acid and 
dissolving them in water, roi)rccipiiating w-ith nitric 
acid, and finally crystallising from water. Halts. 
No well-defined normal salts in which tellurium acts 
as a metallic mdicaJ are known, so that tellurium 
’ has more of the characteristic reactions of a n<>n- 
I metal than a metal. Tellurites (jKr above) are known, 

I and tell urates. Fotassiuni tellurate, Kgll^TeO^^H^O, 
j may be prej>ared by fusing the dioxide’ with caustic 
potash and potassium chlorate ; on adding barium 
I chloride to its solution, barium telluralc, Ball/l'cC\. . 

1 lf.,0, is precipitated. This barium salt is i^v moio 
i soluble ill water than harium sulphate. 

Tellurium (Min.) The metal has been found 
! native, but is very rare ; it usually occurs in com- 
I bination a.s a lelluricl**. 

j Temper (A’wi/.l The hardness, elasticity, and 
I other conditions prodnci-d in steel by certain opera- 
I tions of heating and cooling. See Tempeuing. 


Temperament {Sowid). A modification of the 
; pitch of the notes forming tlic scale, which enables 
noleo belonging to one key to be used as part of the 
scale of another key. (Jonsider the succession of 
notes forming the natural scale, or, as it is termed, 
a scale with JuBT Intonation : then taking the 
frequency of the tonic or key note as unity, the 
frequencies of the rejiiiiining notes arc as follow'.s : 

C D E F G A B C' 


1 I i i S S V 2 
Taking these notes in pairs it is found that the 
interv-als, or the ratios of the frequencies of two 
successive notes, are not constant, but that there are 
three different intervals or ratios ; thus the interval 
between the first two notes is between the second 
two and between the third two, f J. The consplcte 
j scale therefore contains the following intervals : 
i C D E F G A B C' 


I Y M I V t 

The interval | is termed in Acoustics a MAJOB Tone, 
V* a Minob Tone, and a^LiMMA. The major and 
minor tones are very nearly equal ; the ratio between 
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them is interval is termed a 

COMMA. Suppose we take a scale in which 0 has 
a frequency of 1870 ; tho other notes will then have 
the following frequencies : 


C' 640 
B 606i 
A 450 
G 405 
F 360 
B 837i 
D 303} 
C 270 


jfj ~ limma 
— major tone 
I V- = minor tone 
I g « major tone 
=s limma 

I V “ minor tone 
*=.- major tone 


This scale will be perfectly correct so long as wc 
keep to the key of C; but if we attempt to change 
the key, i (\ to take any other note than C as the kc 5 ' 
note, wc shall meet with certain diftieultics. Suppose 
D be taken as the key note ; tho first interval will 
be a minor tone, instead of a major tone, while the 
next interval will be a limma, when it ought to be a 
minor tone, an interval nearly twice as great. The 
latter difficulty is met t>y introducing a new note 
between F aiKl G, which we term “ F sharp ” (F^). 
There exists, however, no practical method by which 
the first difficulty can be surmounted. A compromise 
is therefore effected by which tf»c relative frequencies 
of the notes are so adjusted that they may be utiliso<l 
in the scale of other kej’s with equal, or approxi* 
rnately equal, accuracy ; this compromise is termed 
Temperament, I'here are many possible tempera- 
ments, which it is not possible to discuss here {iee 
A. J. Ellis, “riococdings of the Iloyal Society.” 
vol. xxiii. pp. 3-31), but ihc most important is that 
known as Equal Temperament. In this, one 
interval, viz. the octave, is kept absolutely correct 
and the remaining notes are sharpened or flattened, 
hO that the major and minor tones aie equalised, and 
each of them is made ctjual to two limmas or semi- 
tones.” There are thus twehe semi-tones in the 
octave, and if theuso be abwdutely equftl, any one of 
them niaj-^ be taken as the key note, and all the 
scales so produced will be exactly similar. The 
following comparison shows the ratios of the fre- 
quencies of the notes in an equally tempered scale, 
the correct intervals being added for comparison : 

C I) E F GAB C' 

;l 1-1250 1-2500 1-3333 1-5000 l-()666 1-8750 2 

1 11224 1*2590 1-3318 1*4983 1*6818 1-8875 2 

Tlio scale of equal tcm])erament is not exactly 
followed in practice, the result being that all keys 
are not quite the .same, the errors being greater as 
t!ie number of sharps or Hats in the scale is increased, 
aud al?o, in most cases, greater in sharp keys than 
in flat keys. Tho precise result depends to a large 
extent on the individual tuner of the instrument. 

Perfectly just intonation may, of oour.se, Ik; obtained 
in music performed by the human voice, or by instru- 
ments of the violin class (e.tj. a string quartet), so 
long as no instruments having fixed intervals are 
employed at the same time. The continued use of 
tempered scales has, however, largely impaired the 
sensitiveness of most musical ears to perfect 
intdrtatiqn. 


Xonipopfty Pftintin^ iiit Uve Painting (Methods). 


mm 

Temperate Zoaes, Rbrth and ifhe Iparta 

of tlie Earth’s surface lying between the tllopics 
the Arctic or Antarctic' Cirolo. 

Temperatiue {Heat), Temperature is, in popular 
language, that which determines the hotness, 'or 
coldness of a body. A hot body is said to have .a 
liigh temperature, a cold* body a low temperature^ 
the terms “ high ” and “ low ” being me^ly relative, 
and varying within very wide limits according to the ^ 
circumstances under whicli they arc applied. A 
body, A, is at a higher t&mperature than a body, B, 
if, when they are placed in contact, heat flows fronx 
A to B. See Measurement on Temperature. 

, Absolute {Heat), Se^ Absolute TempeBiV- 

TURK. 

, Critical {Heat), See Critical Tempera- 
ture. 

, Beales of {TIrat). See Thebmometric 

Scales. 

Tempering {Eng., do.) The process by which the 
hardness of steel tools, etc., is regulated according 
to the ijurposc for which they arc3 intended. The 
tool is tirst hardened by heating to a temperature 
not exceeding that of a “cherry red,” and then 
suddenly cooled by being plunged into cold water. 
The steel? if of proper quality, sljould now be .so hard 
that it will scratch glass ; it is however very brittle, 
and liable to fracture. If the steel be now (cautiously 
heated, it is gradually rendered softer and less 
brittle; by stopping the heating at the proper 
moment, and again cooling by immersion in watet, 
the tool may hi) left with the rctiuisite “temper” for 
ihc purpose desired. To enable this to be judged, a 
portion of the tool is carefully brightened after' 
liardenftig, so as to expose a (-lean surface of steel, 
free from scale or oxide. As the metal is heated, a 
aucc-ession of tints fipi)ear on the surface of the 
metal. These tints change as the temperature rises, 
and indicate with sufficient Lccuracy for practical 
purposes the exact moment when tlie heating must 
be .stopped. The tints may he classified as in the 
following table, wliich also gives the approximate 
temperature attained, and the principal tools for 
which each temper is requisite : 



Touip. i 

I’jilii. ! 


Pale straw” 

430° 

Surgical instruments, 



certain tools for cut- 
ting metal. 

Darker straw . . . 

410° 

Metal - working tools. 


to 

razors, cold chisels. 


470’ 

wood-working tools. 

Brownish yellow 

5U0’ 

Axes, plane irons, chip- 


ping chi.‘'Cls, and 
other tools which are 




subjected to shock or 
percussion. 

Light purple ... 

r.:!0‘' 

Springs, sw”ords. 

Dark puride 

r,To" 

Saws. 


•Steel heated to higluir temiK; rain res than these 
becomes too soft for use in cutting tools. The purple 
tint gives way to a dark lilac, which gradually grows 
paler, assumes a greenish tint, and ultimately dis- 
appears. 

In some cases the tempering is effected by covering 
the object with oil or grease, and heating it until tho 
latter “ flashes,” or takes fife. This process is termed 

48 
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Blazing or Blazing Off; it is often applied to 
saws and springs. In other cases, especially where a 
number of small objects liave to be tempered at the 
same time, they are heated in a bath of oil, fusible 
metal, or alloy, to the required temperature. This 
method is largely used in tempering cutlery. 

Tempering {Pottery, etc.) Thoroughly miring clay 
and bringing it to a suitable condition of plasticity 
for moulding. 

Template {Bvild.') The stone or wood block placed 
under the bearings of a beam or girder to support and 
distribute the pressure. 

or Templet {Bny., etc,) A mould or pattern 

used to indicate the outline or form which has to be 
given to a piece of work. A template is usually cut 
from a thin sheet of wood or metal, the exact form 
being obtained by careful measurements taken from 
the working drawings. 

Templatlng {Eny,, etc,) The making of Tem- 
PLATES {q,v.) In certain trades {e.q, boiler making) 
it is usual to entrust this operation to a special 
workman. 

Temple ( Weaving), A flat bar of wood fitted with 
small pins at each end or other device used in 
weaving to keep the clotli extended to its proper 
width to save the strain on the reed caused by the 
sucking in or shrinking of certain fabrics. 

Templet. See Template. 

Tempo {Music). Time, ns tempo dl vaUe, in the 
time of a valse ; tempo ordhiario, ordinary time, i.e. 
at a mc)derate speed. 

Temporary Centre {Eng.) A piece of wood or 
metal is sometimes attached temporarily to an^.objert 
for the purpo.se of carrying a centre raaik whicii is 
required during .subsequent operations; e.g. it may 
be necessary !♦> find the exact centre of a hole. This 
must either be filled up or covered over by a piece of 
material on which the centre can be marked. 

Temporary Hardness of Water. See Calcium 
Compounds, Clauk's 1*rock.ss, atid Water. 

Temporary Mandrel A rod which is 

passed through a hole in an object such as a hollow 
tube or cylinder, in order that it may be supported 
between the centres of a lathe when the outside has 
to be turned. 

Temporary Stars {Astron.) See Novje. 

Tenacity. See Tensile Strength. 

Teneramente {Munc). Tenderly. 

Tenerezza, Con {Musie'^, With tenderness ; 
delicately. 

Tenia {Arohiteet.) St^e Tjesix. 

Tenon ^Carp. and Join.) The ordinary form of 
tenon is shown in Fig. 1. A is the tenon proper, or 



portion which fits into the mortice {q.v.) : B is termed 
the shoulder of the tenon. Fig. 2 is a Haunched 


Tenon, the portion c, the Haunch or Haunohing^ 
being formed so as to fit into a ploughed groove 
such as that on the inner edge of the 6t}’le of a door. 



Fig. 3 shows a Double Tenon, and Fig. 4 is a 
Babeface Tenon, which has a shoulder formed on 
one side only. Fig. 5 shows a Tusk Tenon, used in 



! framing laige structures such as floors. A is the 
j tenon, B the shoulder, and the portion D is termed 
j the Tusk, e is the joist into which the tenon is 



Eic. 4. 


! morticed, and F a key passing through the tenon. 
! A tenon whicli does not pass right through the piece 
; into which it is morticed is termed a bTUB TeS'ON or 



Stump Tenon. A Dovetail Tenon has one edge 
cut at an angle, like a dovetail, and it is held in posi- 
tion against a corresponding slo{)ing side of its mortice 
by means of wedges. It may pass right through the 
material, or may form a stump tenon. 

Tenoning Machine {Carp., etc.) A machine used 
in cutting tenons. It may consist of saws, two of 
which work parallel to each other (the distance be- 
tween them being equal to the width of the tenon), 
and two more moving in a plane at right angles to 
the other two, for cutting out the shoulders of the 
tenon. More modern tenonmg machines remove the 
material at the sides of the tenon by means of rotary 
cutters consisting of flat plane irons mounted in a 
revolving block. 

Tenon Saw {Carp, and Jtdn.) A saw with a 
parallel blade and an iron or brass back, .used for 
cutting the shoulders of tenons, etc,^ See SAWa. 




TEN 


765 


TEB 


Tenor ( 1 ) The highest of men’s voices, 

with the exception of the alto. Generally speaking, 
the compass is an octave lower than the soprano. 
(2) The viola iq v.) (3) The largest bell in a i)eal. 
A iemre rohvsto is a tenor singer with a fall, strong 
voice. See also Tekoe Clkf. 


Tenor C {Musie}, The C an octave below middle 
C (ly.r.) 


Tenor Clef (Music). The C clef 
line. See Btavk and ScoKE. 


on the fourth 


Tenorite (Min.) Black oxide of copper. Occurs 
as a non-crystalline mineral in the form of a powder, 
in masses, or as concretions. Forms an important 
copper ore in North America. 

Tenor Trombone (Music). The trombone in B[^. 
Sl‘e MUiSICAL 1KSTB17MENTS, p. 437. 

Tensile Strain (^uff., etc.) A .strain consisting of 
an elongation produced in a piece of material by a 
pull or tensile stress. 

Tensile Strength. The property of a material by 
virtue of which it resists forces tending to produce 
elongation. The term is sometimes applied to the 
ultinuite stress which a given piece of material can 
withstand, or to the breaking load. 


Tensile Stress (-Eng., etc.) A force tending to 
elongate a body. 

Tension of Y apour ( JTcaf). See Vapour 1 ‘ees.sure 

Tension Rods, Bolts, etc. (:Enfj.) Hods or bolts 
which are used to resist tension. See also Tin, 


Tenter {Textile Manufac.) A machine on which 
the cloth is stretched after .scouring, milling, dyeing, 
etc. The common form of automatic tenter is hori- 
zontal, but it may also be \’ortic.{il. The cloth passes 
on travelling tenter hooks over a serie.s of steam 
pi})es. In the lilankct trade, in order not only 
stretch the cloth, b\it to retain as much as possible 
of tlif natural handle of the wool and whiteness of 
colour, tentering is done in the open air on vertical 
frames. 

Tenuto {Music). Abbreviation tm.^ held. The 
term i.^ used to signify that a certain note or chord 
is to be sustained for its full value. In modern songs, 
however, the term often signifies that a note is to be 
sustainetl for more than its projicr length. 

Terebene {Chew.) A mixture of inactive terpenes, 
boiling between 15G" and ISO®. It is a colourle^ 
liquid, iusoluble in water, soluble in all organic 
smvents. It has an agreeable o<lour of pine-wood. 
Used in medicine in bronchitis and in coughs ; it is 
either inhaled or taken on sugar. To prepare it, 
redistilled turpentine is shaken with sulphuric acid 
till its optical activity disapi^ears ; then the i)roduct 
is distilled in steam. Uipenteue (see TEBPE27ES) is 
an important constituent. 

and Terebenthene (Painting). On account 

of the high price of turpentine many preparations 
have been made whic.h are intended to replace 
this body, at all events on the market, althougli there 
is not one of them which is a really satisfactory 
substitute from the buyer’s point of view. They go 
under various fancy names, more or less suggestive 
of turpentine, such as terebene, terebine, tereben- 
thene, turpentocn, c^m multis aliis. While some of 
them answer well enough for ordina^ work, they all, 
as stated, fall short of true turpentine, especially in 
drying and in living power. They may be classed 


under three beads, those consisting simply of heavy 
petroleum oils, those consisting of mixtures of petro- 
leum and rosin oils, and those consisting of mixturea 
of petroleum and rosin oils adulterated with real 
turpentine. As regards the pro^rtions between the 
ingredients, each maker has hfs own recipe, and a 
good deal of the nomenclature depends upon th}s ; 
circumstance. 


i 


i 


Tevephthalic Acid (Chem.) 


O.COOH 

hcL^ch 

CCOOH 


White needles ; sublimes on beating without melting ; 
sparingly soluble in water, alcohol, ether, chloro- 
form, and acetic acid. When beat^ with lime it 
forms benzene. It is obtained in a number of ways ; 
thus it occurs as an oxidation product on boiling 
many terpenes with diluted nitric acid. It can be 
obtained by the diazo reaction (q.v.) from paramido- 
bcnzoic acid. 


/coon / 

( j TT C H ^ 


COOH 




\CN 




''COOII 


COOH 


from paraxylenc by heating it with bromine at ISO®* 
to form paraxylylenc bromide, digesting the latter 
with alcohol potassium acetate, heating the acetate 
with alkaline permanganate, filtering and acidifying 
the product when the acid separates out : 


/CIT, 

CH, 


CJl. 


y"CTI.,Br 
\ CIl.,Br 




/ CIU.OOC.CIT, /COOH 

Vfl/ ■ ^ 

\ClI,,OOC . CII 3 \COOII 

The reduction products of terephthalio acid have 
been carefully studied by Baeyer, who deduced the 
centric formula for benzene as a result of his work 
on these compounds. On reduction of the acid with 
sodium amalgam it adds two atoms of hydrogen in 
tlic coJd, four atoms on heating, and six atoms with 
great difficulty (twenty hours’ boiling of the tetra- 
hydro acid with excess of sodium amalgam). The 
three acids so produced are; 

C . COOH C . COOH ClI . COOII 




HC' 


Jen, 

Cll . COOH 

dlhydro- 

tereplitbnlic acid. 


ii,cl Ic: 


,CH 

CH, 




H. 




CH . COOH 

2^* tetrahydro- 
tereiihtballc acid. 


CH, 

CH . COOH 
llexabydro- 
terei)btbalic acid. 


The A*’* — and A* — acids behave like true unsatu- 
rated compounds, adding bromine or hydrobromic 
acid directly, and reducing alkaline permanganate ; 
but the bexahydro acid behaves like a saturated com- 
pound, and. although it reacts with bromine, it does 
so like a saturated fatty acid — that is, hydrogen is 
replaced by the halogen, and the hydrogen replaced 
is that attficbed to the carbon adjacent to the car- 
boxyls. The hexabydro acid is known in two 
stereoisomeric forms. See Stereoisomerism. From, 
the formula for terephthalio acid it will be seen that 
four dihydro acids are theoretically possible. All 
arc known, and the A*’* — occurs in two stci-eo- 
isomcrio forms. Two tetrahydro acids are possible, 
and both are known, the A* — acid occurring in two 
stereoisomeric forms. 
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Terminal or Terminus (Arekitedt.} An archi- 
tectural feature, the lower part of which resembles 
an inverted truncated obelisk, while the upper part 
is frequently a bust of a man, woman^ or satyr. 

Terminator (Astron.) The line which separates 
the light from the dark portion of a sx}bere illumi- 
sated from one direction. 


Terpenee iChem.) Hydrocarbons of the formula 
C,qH,^ They are mostly ring compounds which may 
be regarded as related to paracymenc, 

CIl CH 

0 ./CTT. 

CH CH 


but a few are open chain compounds of the olefine 
series. The terpenes and many of their derivatives 
occur in essential oils. Examples : Oil of bergamotte 
contains limonenc and linalool (//.r.), also linaljl 
acetate ; oil of camphor contiiins camphor Oy.r.), 
X>inene etc. ; eucalyptus oil contains cincol and 

pinene ; oil of geranium contains gcraniol ; oil of 
lavender contains jiincne, limoiicno, linalyl acetate, 
geraniol, and cineol ; oil of lemons contains citral 
and limonenc ; <jil of peppermint contains menthol 
(q.v.} and its acetate ; otlo of roses contains gcraniol 
and citronellol; oil of turpentine contains pinene. 
JErevjft ceunij)hene^ which u a solids terjicnes are 
liquids. 3'hcy arc volatile in steam ; have an agreeable 
smell; most of them arc optically active; some of 
them Tcsinise on exposure to air and light. Sec 
riNEKB. They polymerise when heated to about 
to sesquiterpenes and polytcri)eucs. Whe n caoutchouc 
is distilled it forms a hydrocarbon called isf^prcnc 

O-Hg of the constitution CII„ =*■ CIl — C ' 

* * * -CJ], 


which easily polymerises to dipentene ; 


^CIl - CIL. 

cn,.c< ‘+rn., 

\cn. 


y.C'll, , 
CH - C^ =. I 

•.(' 11 , 


CIl, 


CH CII, 

cO-cn-c 

Ulj C'Hy 



The compound isoprene is called a hemiterpenc. 
Coclincne. an oil winch boils at 27;*)® and is found in 
oils of cadc« patchouli, cubebs, galhanum, ango.stura, 
and many others, has th(‘ formula Cj^ll^,, and called 
a sesquiterpene. 8o we have 
Hl^miterpeno : Isof>rene, 

Terpenes: about 13 of them = 2 x 
)Sesquiteipenes ; few definitely knuwji == li x (yiy 

- 

Poly terpenes : none exactly studicnl = N x tyi^ 


- (C,ng)„- 

Kor the properties of a typical terpone, see Pinene. 
Another terpene of great interest and imix)rtance is 
Limonenc^ which contains an asymmetric carbon 
atom, and is known in its dextro, lano, and racemic 
forms; the racemic form is called Dipentene. Iln's 
teri)ene has reamily been syntbe.si.^cd by Professor 
Terkin, and it is the first direct synthesis of a lerpene 
which has ever been made. Ethyl /S-iodopropionate 
and ethyl sod iiimcyanacctatc (fr<»ra sodium ethoxide 
and ethyl cyanacetate) react at tlie ordinary tempera* 


ture to form ethyl 7 -cyanopcutanc-aYc*tricarbo!xy- 
lalc, 

CN 

20H , Na + 2ICn, . CH, . COOEt = 

OOOEt 


nM 


rn,CN 

+ I + 2NaI. 
COOEt 


This ester is hydrolysed with hydrochloric acid, and 
the resulting acid heated with acetic anhydride : 


COOH 

I /CIL. CH,. COOH 
I \cd; . cih . coon 
coon 


OIL 

nc( Sco + 2C0, + 

1 \ / n,o 

(MUCH, 

COOH 

^-ketohoxahydrobenzoic acid. 


The ethyl ester of this acid yields on. treatment with 
magnesium methyl iodide in ether, and hydrolysis of 
the product 5-hy<lioxyhexahydroparatoluic acid; 


CIL, CIL, 

I ciLcn., 
cooif 


IK 


cn., CHo 


on 

,CH, 


CIL CIL 
00011 


On solution of the luctonc of this acid in fuming 
hydrobromic acid, the hydroxy group iwS replaced 
by bromine giving $-bron)hexahydroparatoluic acid, 
from which pyridine remove.s hydrogen bromide, 
giving A* tetraliTclroparatoluio acid ; 

CIL. ca, 

nc '' c . t'H,. 

I t jXT CH 

COOH 


The ethyl ester of this acid with magnesium methyl 
iodide in ether yields an addition juoduct which is 
decomi» 08 cd by wale** wdth formation of inactive 
TEKPINEOL : 


CIL, OIL 


HC 


■'/ >c . cn. 


1MkO\ I ('H„CH 
>0 . OC’Uj 
OH,/ 

CH. CH, 

nc/ V'.cii, 

\ •/ 

CI 1.. CH 


Mgciti 


cn,, cn, 

nc/ /c.cii. 

I 


i5ic:0-(; 

/\ 

cn., cn. 


no-c 

/\ 

cn, cn, 

'J'erpincol, 


Teipineol when healed for an hour with i)otassium 
hydrogen sulphate yields dii>cntene by loss of water: 


CII 3 / 


V - IlC 
OH 


CIL CIL 

C.CH, 

c'hTcH 



TER 
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TER 


CII. 


\c - 

CH,^ 


CH, CH, 

HC/^O, 


CH„ 


CHj CH 


Bipbktene is a colourless liquid ; boils at 180® ; has 
a smell o£ lemon s ; soluble in ether, alcohol, bemsene, 
aoctic acid ; it occurs in a number of essential oils, 
e.g, cubebs, thyme, worm seed j and as it is formed 
from some other terpencs (camphene, piuene, and 
the limonenes at 250 to SOO’) at a high temperature, 
it occurs in those turpentines which are distilled at 
a high temperature, namel)% Eusaian and Swedish. 
It is formed by the union of equal quantities of 
d- and Mimonenc, and from teri>incol as described 
above ; and along with other xjroducis from pinenc 
by boiling witli alcoholic sulphuric acid. To obtain 
pure dipcntenc its dihydrochloridc is boiled with 
acetic acid anrl sodium acetate, the product distilled 
in steam, and the dipcntenc further purified by 
boiling with caustic potash, again distilling in steam, 
and fractionally distilling the dipenlcne. Dipcntenc 
adds four atoms of bromine directly to its moloculc ; 
it adds two molecules of hydrogen chloride, or 
hydrogen Ijroinidc. The dihydroljromidc is known 
in two forms, c/a* and iran». DijK'iitcnc dibydro- 
bromide is also formed by the addition of hydrogen 
bromi?lc to limoncne, cincoK and terpin. Dipcnt/cne 
also adds iiitrosyl chloride molecule for molecule : 



CH, 

- 

CH, 

1 


(!’ . Cl 


C.Cl 

n,cr' 

"'^.(.Tl., 

H./V 

"^CH.NO 

11 ..C 

CH., 

H,,CV 



CIJ 

(’ll, (-'TT, 

iJihydiodiltiriLlo. 


(Tl 

I 

(TT, on, 

Xitrosy] rhldrido conqxiund. 


In the case of the limoxexks hydrogen chloride is 
abided ill two stago>, I Ik* first molecule being added 
on when dry h\<lrogen chloride is used, and the 
second wlien moist hydrogen cldoride is used; as 
the first product is optically active, tbe addition 
must occur at the side ciiain. regards the 

limonenes, the nitrosyl chloride compounds are 
active, and each limoneno fields two stereo- 
isomeric iiitros}! chlorides ; since these are all 
active, addition" must occur in the ring. When the 
nitrosyl chlorides arc treated with alcoholic potash 

they yield tlic carv oximes |d-, ]-, and (d l)j 

comjiounds, which are formed from carvoue by the 
action of hydroxylaniine : 


CTI 3 
C . Cl 

H^Ci^^CTT . NO 
CU 


(? 


CH, Gll, 


CII, 

I 

C 

Iic/' '''|C ; NOII 

ii,c!^/Ich, 

CII 


c 

CIJ, CTI 3 

Cai’Toziiue. 


CH, 


HCi 


ICO 

CH, 


CH 


> 

Heated 
with KOH 


I 

C 

CII, CH, 

Carvoiic. 




CH, CH, 

Carvacrol iq.v.) 


As dipentcnc contains an asymmetric carbon atom, 
and is optically inactive, it should ba composed of 
two oppositely active constituents ; these constituents 
,arc the dextro and lajvo limonenes. The limonenes 
occur in many essential oils (see ahove)^ and when 
mixed in equal quantities they yield dipentene. The 
remaining ring terpenes cannot l>e described here. 
Of the ojien chain, or olefinic terpenes, none has had 
its constitution settled beyond all doubt. As an 
example of this class of terpene Myrccne may bo 
mentioned, which occurs in bay oil ; as it passes into 
linalool (q.v.) by addition of the elements of water 
it has most probably the constitution 


""’\c 

CH,/ 


C'H-C11,-CII5-C-CII=CH, 

CH, 


or 


cn,\ 

>c-cii,-cn..-cn,-c-cH=CH, 

oh/ ' 11 

• OHa 


A few important derivatives of the terpenes arc 
aijpendcd. < 'itral, 


Cll,^ 

Cll,/ 


C : CU . CII,, . CII, . C : CH . CHO 
CH, 


is a colourless oily liquid, boils at 228® to 230®, and 
smells of lemons. Heated witJi acid potassium 
sulphate it yields jmracymene ; boiled with caustic 
it yields methyl heptenone, 

C’lIuX 

>C : CII . CH.. . CII., . CO . CH, ; 

reduced by sodium and alcohol it yields the corre- 
sponding alc*/Ohol geraniol. It unites with acid 
sodium sulphite. Citral is known in two stereo- 
isomeric forma. With acetone in presence of alkali, 
citral condenses (sl.akcn for several days with 
baryta water) to pseiido-ionone : 


C’H 3 \ 

NCrCH.CIL.CH, 
CII 3 . ^ 


C = CH . CH 

cn» II 

“ IIC.OO.CH, 


This com})ound is knowm in two stereoisomerio 
forms. When pseudo-ionone is heated for some 
hours wdth dilute sulphuric acid and glycerine, U 
forms which is a liquid boiling at 128® 

under a pressure of 12 * mm. mercury, and In dilute 
alcoholic solution smells of violets and vine- 
blossom— hence it is largely used as a pexfume. 
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lonone is a mixture of two stereoisomers ; its 
formula is— 


cn_ C 1 I 3 
\/ 


. Cl! : Cn . CO . CH, 


H,C’ 


^.CIL 


CII 


The natural perfume of violets is due to a com]X>und 
called irofie, isomeric with ionone : 

CH, OII 3 


\/ 

c 


HC/\OH . cn : CII . CO . CII, 

.1 


110' 


OH . CH3 


OH, 

CitroJiellol, also (‘ullcd llhodinoh 
CIl^X 

C : CH . CII j . CH j . ( T1 . CH. . CU,OH 
CH,/ CII, 


is one of the principal constituents of otto of roses ; 
it is an oil smelling strongly of roses, boils at 117*^ 
under 17 mm. pressure, aud is lasvorotatory. I’hc 
inactive form has recently been synthesised, so that 
its constitution is now quite certain; Sodium ethyl 
acetoacetate aud ethylene di bromide give 


I 

CO 

CH.CH2.CH.^r 

COOEt 


€ 


which on saponificjation with caustic pota.sb yields 
CH3OO . CH., . CII3 . Cil,OH. With hyflriwlic aci<l 
this alcohol gives its iodide, which is condensed witii 
acetone and zinc to methyl heptenone, 

rH3.CO.CH.,.CHj,.ClIJ 4- Zn + CO(( II,\ = 

vh, 

ZnlOll + CTL . CO . CTI^ CH.. . CH : C 

^ CII, 

This ketone gives the ethyl ester of gcranic acid 
when condensed with zinc and ethyl iodacetate 

C1I,X 

: C : CH . CHjj . C : Clio + Zn + I< *11., . COOEt = 

<'H, on 

(Tautomeric form.) 


ZnOlJI + 


h 

CH, 


C : CH . CH, CH„ . C . Cll, 

CH . COOEt 


This ester reduced by sodium and alcohol to 
tlie ethyl ester of citronellic acid, then to inactive 
rhodinol. It is used in perfumery ; thus an artificial 
otto of roses is made (patented) as follows: 80 
parts geraniol, 10 x>arts rhodinol, I part phenyletbyl 
alcoliol, 2 parts lirifdool, 0*25 parts citral, and 0*5 parts 
octyl aldehyde. Geraniol^ 

CI1,\ 

> C : CH . CH., . CIJ, . C : CH . CHjOH 
CH. 


occurs in oil of geranium and in otto of roses; it 
is an oil which smells of roses and geraniums ; boils 
at 229°, and is optically inactive. It is the alcohol 
corresponding to citral, which it yields on careful 
oxidation; it unites with calcium chlorido; heated 
with water at 200° it is in part rearranged to linalool 
(^.r.) ; dilute sulphuric acid converts it to terpineol. 
Terjpin is a dihydric alcohol, and is known in the 
cis- and trans*fonn.s (see Stekdoisomk&ism'^ : 


CH3 CH3-CH. X /II 

C ^ XTI 

110/ CII,-CI1,/“.\,C.P-0H’ 

\0II. 


Cu-fumi M.r. 101 ^ 


/CII, 

rn,\ ^''Cii,-(;n,\ on 

• \cc -I'H, 

no^-' cn,-cii, \ii 

Trans-form M.P. 204 '. 


They are both wliite crystalline solids obtained from 
the corresponding cis- and trans- limonenedi hydro- 
bromides by converting them into acetates by means 
of silver acetate and sriponifying the estens with alco- 
holic potash. Tliey can be re(‘onvertcd by shaking 
with hydrobromic acid. Dch) drating agents readily 
’ com ert them into dipentene. The cis-t orpin readily 
j takes up a molecular proportion of water forming 
: Terpin hydrate^ which is a well crystallising solid; 
melts at 120° when rapidly heated, giving oil steam, 
and passing into terpin again. 'J’he halogen acids 
give the cis- and tran.s-dipentcricdihalogen a(‘id addi- 
tion products. Boiled with dilute acid» it yicld.s 
terpineol and other products. It is formed from 
turpentine by the action of dilute nitric acid and 
alcohol, from the dibydrochlorides of dipentene and 
(l-liruonene by the action of water, and from linalool 
(^.r.), geraniol, and terpineol by the action of dilute 
acids. TcrjpimM^ 

I 

CH.. CII. 

I / -CH, 

j CH3.C\ /(TI.C^ --oh 

i iTn:H_ '''^<• 11 , 

j is a white cry.stalline stJid which melts at 115°, but 
j .shows to a remarkable degree the property known as 
i .su]ierfnsion, so that it is commonlv met with as a 
I liquid; boils at 215° to 218° at 50 mm.); 

j it has a pleasant smell of lilac. It form.s a iiitroso- 
} chloride; also a pheiiyluretlianc with phenyl iso- 

.-'NIK',11; 

cAaiiate. which melts at 113°. CO'; WTien 

"xOC,,H,, 

shaken during three days with benzene aud 5 per 
cent, sulphuric acid, it passes into terpin hydrate. 
Distilled with acid p itiissium sulphate ahm^e) it 
gives dipenH‘ne. On oxidation with chromic acid it 
yields a kctolactone of the furmnla — 



(UH,), 
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'whicb on further oxidation with potassium perman* 
ganato yields acetic and terpenylic acids — 



HOOO COO 



CH 


C’ 1 

(CII 3 ), 

Terpineol has been synthesised (see above). It is 
obtained by allowing French turpentine to stand for 
twelve hours with *6 parts concentrated sulphuric acid 
and 1*5 parts of 90 per cent, alcohol ; or by heating 
terpin hydrate with 1 per cent, sulphuric acid, then 
cryst^lising and purifying by fractional distillation. 
Terpineol is largely used as a per fame, alone as in 
scenting soap, or mixed with other perfumes. 

Terra Alba (^Dec.) This is iiowdered gypsum 
{fj.v.) The mineral is prci^rod merely by grinding. 
It answers better as a water colour than with oil, as it 
has more body with water than with the latter vehicle. 
It is a very pure white, except when tinged yellow by 
iron. It can, however, be puriiicd from iron by treat- 
ment with dilute hydrochloric acid. It is absolutely 
permanent to ligli'i and air and chemical action, being 
as periminent as barytes it.self. In spite of its cheap- 
ness, its want of body C^.v.) is a great bar to its use. 
Paper makers and stainers are probably the largest 
users of it. In use with yaaper, body is not of very 
great importance, and gypsum combines the advan- 
tages of permanence, cheapness, and miscibility with 
all other pigments. Moreover, its cheapness secures 
it from adulteration, but it would be eveu cheai or 
were not large quantities of gypsum used for the 
manufacture of piaster of Paris. This substance can 
also be used a.s an oil paint (it sets liard with water), 
but is inferior to the unburnt gypsum. 

Terracotta. A hard pottciy , generally unglazed, 
composed of fine clay, fine grained sand, crushed 
pottefy, or other .similar materials. The colour 
varies with the materials used, but terracotta is 
sometimes specially coloured. Used as a buihling 
material and for small works of art, e.ff, statuettes. 
/.X Tanagha Fioubineb. 

Terra di Sienna (Paint.) A ferruginous earth of 
a fme yellow' colour, used as a pigment in oil and 
water colour painting. It is known respectively as 
raw or burnt sienna (q.v,) 

Terra Nera (Paint). An unctuous black pigment 
used by ancient artists in tempera, fresco, and oil 
painting. 

Terreatrial Equator (A^ron.) See Equatob, 
TI2BBEBTIUAL. 

Terrestrial Magnetism (Elect.) The phenomena 
arising from the magnetic properties of the eai*th. 
See Dip, Declination, Magnetic Elements, etc. 

Terrestrial Radiation (Mcfeorol.) I'he escape of 
heat from the earth’s surface into the atmosphere. 

Terre Yerte, Terra Yerde (Paint.) Genuine 
tc^rre verte is essentially a silicate of iron and 
magnesia, found native in many places. It occurs 
in the Mendip Hills, and two other important 
localities are Cyprus and "^^orona, whence the name 
Verona Earth. The pigment requires no preparation 
beyond grinding. It varies much in hue according 
to the locality from which it was obtained, but there 
is always a bluish grey tinge about it. It is abso- 
lutely permanent in air, and, curiously enough. 


resists sulphurous fumes perfectly, in spite of the 
fact that it contains iron. It can be mixed with ax^y 
other pigment and can be used either as a water or 
as an oil colour. It has v^sry little body, and occu- 
pies an intermediate place between the body colours 
and the glazing colours. Copper greens are some- 
times fraudulently sold as terre verte, but this is at 
once detected if the substance is exposed to the 
action of sulphuretted hydrogen, which has no 
effect on ^nuine terre verte, but blackens copper 
greens. Dilute acids again have little action on terre 
verte, but dissolve copper greens, forming a solution 
which is turned blue by ammonia. 

Toptiary ( ffeot.) The Tebtiabt Hooks 42mbrace'' 
those strata newer than the Becondabies (i.e. the 
Chalk), but older than the most recent formaftons, 
e.//, the Glacial deposits. See Btbata, Table of (in 
Ajjjfendix). 

Tertiary Alcohols (Chem.) Alcohols of the 
formula . OH, where H„ Rg, R, are mono- 

valent hydrocarbon residues which may be the same 
or different. Examples : 


CHg-wC . OH 

CH 3 X 

Trimethyl carbinol. 


cn,-3?c . OH 

Dimethyletbyl carbinol. 


They arc liquids with a smell resembling that of 
camphor ; they lose water somewhat readily on heating, 
forming olefines, e.g. (CHj)gC0H gives (Cng)gC : CH,. 
On oxidation they yield acids containing a smaller 
number of carbon atoms than the original alcohol; 
thus trimethylcarbinol yields acetic acid, but also 
acetoite and a little isobutyric acid (CH,).^CH.COOH. 
Their nitro*derivatives are distinguished from those 
of primary and secondary alcohols by being unacted 
upon by nitrous acid. They ax’e obtained by the 
action of zinc alkyls on acid chlorides ; or by absorb- 
ing suitable olefines in sulphuric acid and distilling 
the product with water; e.g . : 

(.’HgX CH, 

>Cn.CH..OIl Heated >C:CTI, with 

CII 3 /' “ with CH,. n,so, 

Isobiityl alcohol. 

. cii, ^ ''OH 

>CHSO,.Cll 3 

CH,,/ \CH, 

Tertiary Amines (Cbein.) Compounds in which 
an atom of nitrogen is united to three hydrocarbon 
radicals. Example : Trimethylaminc (q.v.) 

Tertiajy Baaes (Chem.) Compounds of the 


M.' 

formula Ji., 


where R,. 
-C/ 


R- arc radicals united to the nitrogen atom by carbon 


is part of a ring. Examples ; 

- 0 / 

CH,\ 

Trimethylaminc CH,-^N 
CH,< 

CH=CH\ 

Pyridine 
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All tertiary bases add alkyl iodides, directly forming 
quaternary amuioniura iodides, ftg, 

Tertiary Colours (JMnt,') See Colottbs, 
Tbktiaby. 

Tertiary Hydrocarbons {Chem.') Hydrocarbons 
which contain one or more carbon atoms united to 
four other carbon atoms — eg, Hcxamethylmcthane. 


CH, — C C - CH,, See also PARAFFiNa 

l?n, cn, 

Tesla Coil (Ji^/ert.) A name applied to an induc- 
tion coil for producing currents of very high potential 
and frequency. The primary coil consists of a few 
turns of thick wire, without any iron core ; through 
this coil pass the rapidly oscillating currents ))ro- 
duced by the discharge across an air-gap of a Leyden 
jar or other condenser, w^hicb is itself charged by 
means of an induction coil of the ordinary type, or 
by a transformer which is wound so as to give a 
secondary current of \ery high voltage. An oscilla- 
tory discharge occurs through the primary of 

the Tesla coil, and this induces a .scconchiry eummt 
of exceedingly high voltage and frequency in the 
secondary winding, which consists usually of one 
layer of fine wire, vound on an insulating cylindrical 
support. In some cases both <’Oils arc immersed in a 
bath of oil, the apparatus being then often termed 
an Oil Coil ; but in most modern forms air insula- 
tion is found to be sutticient. 

Tesselated Pavement (J)ec.) A floor formed of 
small coloured tiles laid in geometrical patterns. Cy, 
Mosaic. 

Test (^Chew,, Phys.^ etc.) (1) An ejciKjrittiental 
operation undertaken to ascertain the nature, 
condition, stiength, or other properties of a given 
substance, apiJaratu-', struc ture, etc. (2) A reagent 
or substance used in making such a test. 

An operation carried out in order 

to ascertain the strength, quality, or other properties 
of some material, structure, or machine. 

{Zool.) The hard external or rigid parts of 

an organism. 

Testa (^Botany). The term applied to the coal of 
a seed. When an inner seed coat is j)rcseiit it is termed 
the endopleui'a or tegmen. The testa may become 
hard and woody, as in the so-called IJrazil nut. The 
“ husk ” of the sunflower and similar “ seeds is the 
fruit wall, nut the testa. 

Test Bars {Bny.) Bars of metal, etc., suitably 
shaped for testing in a testing machine or otherwi.^^c. 
Test bars are often made of the same material as 
that employed in the execution of an order, so that 
the quality of the material used can be accurately 
determined ; the conditions to be Batislied are fre- 
quently laid down in the .specilication. 

Test CookB (^Bng.) Small cocks in a steam boiler, 
one being fixed above, the other below, the water 
line, in order to indicate the level of tlie water inside. 

Testing Machine A maclniie by means of 

which a known strcs.s of large amount can be applied 
to a suitable piece of material, in order to measure 
its elastic constants or its breaking strength. The 
form of testing luacbinc most commonly met with is 
one by which a tensile or compressive stress is ai>plied 
to a rod or bar. One end of the bar is firmly gripi)ecl 
by strong jaws attac.hed to the ram of a hydraulic 
press : the oth(;r cud is similarly connected to the 


shorter arm of a lever. The longer arm of this lever 
carries a weight which can be moved along tl:^ arm 
till the pull exerted on the bar is counterbalanced and 
the lever brought into a position' of equilibrium. The 
lever is graduated after the manner of a steelyard, 
so that by observing the position of the weight at any 
instant the amount of the force acting on the bar can 
be read off. The extension produced in the bar is 
measured by various methods — a reading microscope 
or cathetometer, a purely mechanical device, or some 
combination of optical and mechanical apparatus, 
such as the Extensometer of Ewing. Recording 
apparatus is sometimes constructed so as to trace 
automatically a curve on paper showing the relation 
of the stress and strain in the bar throughout the 
experiment. Testing machines arc also constructed 
for applying and measuring transverse, torsional, or 
compressi\ c stresses. 

Testing of Drains. Sre under Sanitation. 

Test Specimens {^Bug.) Sec Test Bars. 

Tetartohedrism (J////.) The possession by a 
ciystal of only one-fourth of the number of faces 
which are required by the symmctiy of the system to 
which the crystal belongs. See also Hystems of 
Crystals. 

Tetrachord (J/vjf/c*). A scries of four sounds ; 
the half division of modern scales. See SCALE and 
Tkmpeiiamlnt. 

Tetradymite {Min.) A mineral allied to Bis- 
muth jne (y.r.) It is a sulphide of lead, but contains 
in addition some tellurium. 

Tetragonal (Jlin,) Sec Hvstems of Crystals. 

Tetrahedrite or Fahlerz (Min.) A sulphide of 
oojiper and antimony, with otlier metals ; e.oppcr 
3ST), sulphur 2lVo, antimony H)'5, arsenio 7*2, with 
iron, ziiic. and silver. The latter mineral may be 
lircsent in considerable quantity (e.g 30 per cent.), 
and the mineral is then termed Silver Fahlerz or 
Argentiferous Obey Copper orb. Cubic System, 
also massive. Colour grey to black. Cornwall, I)e von, 
Scotland, Central Eurfqio, N. America. It is an 
important ore of Copper, and also of Silver. 

Tetrahedron. A having a triangular 

base. 

Tetrastyle y^Architce^. > A term applied to a 
leinple whith has four columns in the front row. 
See Distylb, Dec^vstyle, IIea'astyle, Octastyle. 

Tetratomic Molecules QChem.) A term apjAiod to 
elements having molecules composed of four atoms. 
Such elements are jdiospliorus and arsenic at a tem- 
perature of about LUOf/'. S(*€ also Molecule. 

Tetravalent Element or Group {Chem.) See 

Valency. 

Tetronal (Chcin.) (Propiono diethyl sulphone, or 
diethyl sulphone diethyl met bane.) A white ery.stal- 
line solid ; melts at It is i>repared and actslike 
sulphonal {q.v.) 

Th {Chem.) The syni]>ol for Thorium {q.r.) 

ThalasBic Deposits {(mcoI.) See Deep »Sea 
Deposits. 

Thallium (C%m.), Tl. Atomic weight, 204. A 
rather rare white metal; melts at 294'"; boils about 
160(P. Its vapour density at 1725® shows it to have 
a diatomic molecule, but the lowering of the vapour 
pressure in mercury Holution points to its having a 
monatomic molecule when in solution in mercury. 
Its specific gravity is near that of lead, being 11*9. 
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In air it is easily oxidised to the monoxide Tip. It 
dissolves readily in sulphuric and nitric acids, dilute 
or strong ; less readily in liydrochloric acid owing to 
the low solubility of its chloride (0*265 in 100 at 1C°) 
in water. On solution in these acids it forms thal- 
lous salts. The metal was discovered, and is readily 
detected, by its flame spectrum— a single bright 
green line. Thallium occurs in small amount in 
some kinds of iron and copper pyrites, in a Swedish 
mineral called crookesite, and in a number of mmeral 
springs. One method of obtaining thallium is to boil 
the flue dust from pyrites which contains thallium, with 
water, and precipitate the clear solution with common 
salt; the crude thallous chloride so precipitated is 
washed with common salt solution ; transformed 
into sulphate and again preciinlatcd with common 
salt — ^this removes arsenic ; about 30 to 50 grams of 
pure chloride are obtained from 3,000 grams of dust. 
The chloride is converted into the acid sulphate by 
heating with sulphuric acid, dissolved in water, and 
the solution electrolysed, using a platinum anode 
and a copper cathode : the metal setjarates in large 
shilling leaves and needles ; it is quickly washed and 
may be melted under potassium cyanide. The posi- 
tion of this clement in the Tcriodic Hystem (Group 
riJ., Series 11) Hcarccly gives a correct idea of its 
chemical rolation^sliijis. The thallous salts have for- 
miihe corresponding to tho.so of the alkali metals 
(K : Na), The oxide Ti.,0, whioh is black, dissolvc.s 
in uater forming a hj dioxide 3'U>IT, which is also 
solid )lo ill water, w'ith strong alkaline reaction and 
the property of absorbing eaxhon dioxide to form the 
soluble carbonate TLC’Og. The chloride TlCl crystal- 
lises in cubes like common salt, but is sparingly 
soluble in water like lead chloride ; yet, like potas- 
sium chloride, it form.s an extremely sparingly 
soluble xilatinnm double chloride, Tld^tClg. The 
liroinide (pale yellow) and the iodide (bright yellow) 
are much less soluble than the chh^ridc. The sul- 
ifliatc is isomorjjhous with potassium sulphate, but 
loss soluble in water, and it forms sulphates of the 
typeifl'l^KO^MSOjOlI X) where M = Fe, Mg, or Ki, and 
also alums ; its sulphide is black, insolulde in water, 
but soluble in acid.'.. Like aluminium, which occurs 
in the same grouj), it forms an oxide, thallic oxide, 
Tli,Oj,, which is obtained by burning the metal in 
oxygen ; but it is a brownish black solid, and quite 
unlike aluminium in that it behaves as a pretty 
tyj)ical peroxide. iJcrived from this oxide are a few 
nnstablo salts of the same ’type as the aluminium 
.salts, but far more readily Indroly.scd by water, and 
the thallic sulphate Tl,(S6j)3 does not apixsar to form 
alums. 

Thallophyta (Jiota7uj). A subdivision of the 
riant kingdom com])rismg the ]>lants lower than 
mosses and liverworts— namely, the Algae ami Fungi. 
They are cliaracterised by having a simiilo plant body 
or thallus. 

Thallus {Botany), A term applied to the simple 
plant body of the Alga? and Fungi. Usually there 
is but little scjiaration into root, stem, and leaf. A 
thallus may be filamentous or membranous, uni- 
cellular or multicellular. 

Thebaine (^7/i?wi.) Cgll An alkaloid occur- 

ring to the extent of about 0*15 yicr emit, in opium. 
It is a while crystalline solid ; melts at 39.‘F; nearly 
insoluble in water, soluble in alcohol ; lan’orotatory. 
Its conj'titution is not settled, but it is a tertisuy 
base. It con tains two niethoxy groups and a reduced 
phcnanthrenc ring. It produces convulsions when 
administered to animals. 


Th6i]ie(67e^».) Another name for Oaffkink (y.c.) 

Thame {MnHc), The principal subject of amnsical 
composition, 

Thenard’B Elue {Dec,) This is a cobalt pigment 
containing alumina. Thenard originally prepared it 
from Swedish cobalt ore, but it is now usually made 
by precipitating mixed solution of a cobalt salt 
(usually the nitrate or the sulphate) and alum with 
carbonate of soda. The filtrate is filtered off, washed, 
dried, and ignited at a red heat. It is hardly possible 
to use too high a temperature, and the fiercer the heat 
the greater will be the resistance of the pigment 
to external influences. Cobaltous sulphate, ignited 
when mixed dry with ammonia alum, also gives 
Thcimrd’s blue, but prolonged ignition is necessary. 
Tn all cases the alum must be free from iron, a very 
common impurity, or the purity of the blue will be 
spoiled by the presence of brownish red sesqui-oxide 
of iron. Various other procesises liave been employed 
for making this blue. Binder precipitated hydrate 
of alumina with potash and chloride of cobalt with 
ammonia in separate vessels and mixed the precipi- 
tates in suspension in water after they had been 
thoroughly washed and dried, and ignited the mixture. 
The shade of the pigment varies with the proi)ortions 
of the two metals present. A rough average is ino- 
bably 80 per cent, of alumina and 15 per cent, of 
cobaltoii.s oxide. According to Bouillai Marillai, a 
verj^ rich and velvety blue is obtained by substituting 
pbospluiic of lime fr>r alumina. The phosphate of 
lime and cobalt oxide are precipitated separately 
according to Binder’s principle, and then mixed. 
An equally good result can, however, be obtained by 
making a paste of freshly precipitated alumina w ith 
a strong solution of cobalt chloride, drying the paste, 
and Bhe:*. grinding tho dry mass to a fine powder, and 
heating it to a white heat for an hour. This last 
process entirely obviates the red tint which is often 
the great drawback of Thenard’s blue. It must ha 
remembered that whenever Thonard’s blue is made 
by ignition it must be completely shiclderl from the 
conjbustion ga.st*s by heating it in crucibles with 
tightly luted lids. If the 2)iginent has been exjiosod 
to the gases its colour i.s always dull and uncertain. 
I’lienard 8 blue is quite unchanged by exposure to 
air and light, and few chemicals have any action 
upon it. It can be used either as an oil or as a w^ater 
cohmr, and can be mixed with any other pigment 
whatsoever. 

Theobromine {(hmi,) (Limethylxantbine, 3:7- 
dimcthyl-G-oxy-piirine), 

HN CO 


OC 

I 

HN- 


C.N. GH, 

II 

-C.ls-' 


A micro-crystalline solid ; sublimes witliout decom- 
l»osition when carefully heated at 290'^ to 296® ; 
slightly soluble in water ; only sparingly soluble in 
alcohol, ether, clilorofoini. Beliav<*s both as a feeble 
base and acid. On oxidation with chromic acid it 
gives mcthylparabanic acid, 

OO N • CTL 

I > CO 
OG-— NIX 

(.hloj’ine water oxidises it to methyl alloxan, 

HN GO 

I I ~ 

OC CO 


H3C . C 
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It fields a crystalline silver salt vrhen its boiling 
ammonia solution is precipitated with silver nitrate, 
and this silver salt when heated with methyl iodide 
gives caffeine (q.v,) The physiological action of 
theobromine is similar to but stronger than that of 
caffeine. It occura to the extent of ^ to 2 per cent, 
in cocoa beans, and is prepared from them by finely 
powdering, extracting by boiling water, precipitating 
with lead acetate, and freeing the clear filtrate from 
excess of load by sulphuretted hydrogen. On evapo- 
rating the clear filtrate to dryness and extracting 
with boiling alcohol a solution is obtained which 
deposits theobromine on cooling. Theobromine is 
used to a small extent in medicine, and the salicylate 
of its sodium salt is also used under the name 
Diiiretin. Theobromine is synthesised from xanthine 
(^.7\) by heating its lead salt with methyl iodide at 
100°. JSee also Pueines. 

Theodolite {Surveying'). The principal instrument 
used in sui*veying. It consists essentially of a small 
telescope, mounted* on a suitable .stand, and ca]3able 
of rotation about both its horizon lal and vertical 
axes. It is fitted with graduated scales for the 
accurate determination of tlie amount of angular 
movement in cither plane, and with screws for the 
levelling of the instrument. Sec Surveying. 

Theorem of Three Moments {Ejig.) See Three 
Moments, Theorem of. 

Thermal Conductivity {Heat). This is defined 
as follows : Let there be a plate of any material of 
area A and uniform thickness d ; let the sides be 
maintained at temperatures f , and and let H units 
of heat pass through the plate in T seconds. Then 
if k be the thermal conductivity of the material, 

H - i • 

d 

From this equation it appears that the thermal con- 
ductivity is the quantity of heat which passes in unit 
time through unit are^i of a plate of unit thicktie.s.s, 
when unit difference of temperature is maintained 
between its two sides. 

Thermal Efficiency of an Engine (Heat). See 

I’EHFECT Engine. 

Thermal Unit {Heat). The unit in which heat is 
measured is the quantity of heat necessary to raise 
unit m.ass of w*atcr, through unitri.se of temjierature. 
The unit of mass is usually the pound or gram, the 
unit rise of temperature is 1° Fahrenheit or 1® Onli* 
grade. This definition is sufficiently exact for most 
purposes, but the actual value varies with tlie initial 
temperature. ITiis fact may be otherwise expressed 
by saying that the Specific Heat of water is not quite 
cons^t. See also Calorie. 

Thermal Value. The amount of heat obtained 
by the complete combustion of a given quantity of 
some fuel. 

Thermite (C?iem.) The mixture of aluminium 
powder and ferric oxide used in Goldschmidt's 
process 

Thermo-Chemistry* That branch of chemistry 
which deals with the measurement of the heat 
e\olved or absorbed in reactions, and which applies 
the results of such measurements to the .«ioli]tion of 
various chemical problem.*?, such as the determina- 
tion of constitution, etc. The measurements of beat 
can be made cither in terms of the units of heat or 
work, viz. : 

The small calorie =» tlie heat required to raise one 
gram of water through 1° C. at 18° C. — denoted 
by cal. 


The large calorie ^ 1000 small calories— denoted 
by Cal 

The erg « 2-3yi x 10 cal. 

The joule =» 10^ ergs « 0*2391 cal. — denoted by j. 

The kilojoule =» 1000 j « 239*1 cal. — denoted by Kj. 

[1 cal « 4*183 X lOT ergs « J.] 

The quantities of substances used in the experiments 
may bo any that are convenient, but the results 
should be referred to the gram molecule. Thus 
when hydrogen bums in chlorine to form hydrogen 
chloride, the heat evolved in the formation of 
36*5 grams of hydrogen chloride is now the usual 
way of expressing the residt : it is equal to 
22,000 cal, or 92 Kj. In practice, only reactions 
which proceed quickly c;au be investigated, such as 
those l^tween acids and bases, combustions, and the 
like. The apparatus employed for reaction of the 
first kind may bo au ordinary calorimeter; for 
reactions of the second kind a “ bomb ” ap})aratas 
devised by Bertholot and Vieille is used; it con- 
sists of a strong steel vessel coated inside with 
platinum and provided with a rod Mrhich supports 
a platinum dish (in which a known weight of the 
substance is placed), and also serves as a support for 
one end of a small iron spiral pf known weight, the 
other end of which is supported by a second rod; 
both rods arc alttiched to wires which pass to the 
outside. The vessel is provided also with a screw 
valve, so that comf)res3ed oxygen can be introduced 
(25 atmo.«pheres or more). A vessel containing a 
known quantity of water surrounds the combustion 
chaml>er, the temperature of the water being regis- 
tered by a thermometer which will allow at least 
Tfliy of a degree to l>e read; surrounding the water 
chamber is a vessel containing dry air, and highly 
polished inside. Solids or non-volatile liquids may be 
])laced directly in the platinum dish ; volatile liquids 
are imt in collodion balloons ; substances which can- 
not be ignited in this way are mixed with a known 
weight of a substance such as naphthalene. When 
the current is passed, the iron sjfiral is fuse(\c and 
Ignited, and the drops of burning iron ignite the sub- 
stance. Tlie water equivalent of the bomb must he 
known, and of cour.se the heat of combustion of the 
iron spiral and any added substance must be deducted 
from the result. When the heat evolved in a reaction 
cannot be measured directly, or when it is desired to 
obtain the heat of formation {fj,v.) of a compound 
which is not formed by the direct union of its 
elements, iudirret metliods are employed. These 
indirect methods are based on what is known as the 
Law of Constant Heat Summation (see this for 
an example given in full). An enormous amount 
of thermochemical data has been accumulated, but 
little use is made of it in pure chemistry. In applied 
science the tliormo-cheraistry of fuel is of great im- 
portance ; in physiology the heat value of fiiod is of 
some imfiortance, fur practically all the heat of the 
body is due to chemical changes occurring in it. 
A few examploK of results in pure chemistry are 
appended : 

(1) 2A1 4-30 «A1.P3 +754 Cal. 

C +0.. -CO., +93*6 Cal. 

4Ka+ (L ^2Na,,() +2 x 100 Cal. 

4Fc + 3(), = 2 Fc ,03 + 2 X 19*5 Cal. 

Hence it may be inferred that aluminium oxide will 
not be reduced to the metal by heating it with carbon 
or with sodium, but that if aluminium were heated 
with feixic oxide or with sodium oxide it would be 
capable of reducing them to the metaL The Gold- 
schmidt process {g.v.) is an application of a knowledge 
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of the high beat of formation of alnminiam oxide to a 
uscfal purpose. 

(2) H,+I,=2HI-2 K 60*6 Cal. 

Hjj + Ij + aq*2HI aq + 2 x 13 Cal. I 

Thus it will be seen that hydrogen iodide is formed 
from hydrogen and solid iodine, with considerable 
absorption of heat. When the gas is dissolved in 
water, heat is evolved until the solution attains a 
specific pavity of 1-56 (about 60 per cent. HI), 
after^ which no more heat is evolved, although a 
solution of sp. gr. 1*7 (about 68 per cent.) can be 
obtained. It has been suggested that the reducing 
action of concentrated hydriodic acid is due to this 
8 per cent, or so of the endothermic hydrogen iodide, 
which evolves no heat on solution. 

(3) The heats of formation of the halogen com- 
pounds of the elements are periodic functions of 
the alomic weights of the elements. 

(4) In organic chemistry there is a fairly constant 
increase in the heat of formation for an increment of 
CHj in homologous series. Heats of neutralisation 
of isomeric bases are occasionally of use in deter- 
mining constitution ; thus the heat of neutralisation 
with hydrochloric acid for 

Aniline is . . . 74 Kj. 

0 -chloranilinc is . (il{ „ 

•/a-cliloranilinc is . G<t „ 

^•clilorunilinc is . 72 „ 

Stohmann has attempted to show that in the benzene 

ling tlicre are not three equal valued double bindings 
by comparing the increase in tlic heat of combustion 
on addition of hydrogen to the ring in the (lasc of 
benzene and i>hthalic and tei'exjhthalic acids. An 
example is : 

llenzene to dih^'drobenzenc . . . + 68*2 Oal. 

Dihydiobenzeiie to tetrahydrobenzene . +44*0 Cal. 

Tetrahydrobenzene to hc.xahy drubenzene + 4 1 *2 ( 'al. 
Ilexabydrobonzcite to hexane . . + 58 0 Cal. 

Vhthalic acid to dihydro acid . . -808 7 C’al. 

Bihytlro ac id to tetrahydro acid . , + 45*3 Cal. 

Tetrifbydro acid to hexahydro acid . + 45*3 Cal. 

llcxahydi o acid t.) suberic acid , . +54*8 Cal. 

It will be seen that a much larger amount of heat is 
evolved on adding the first two hydrogen atoms than 
in all subsequent additions, even on splitting of the 
ring ; but it must be added that no such diiference 
occurs ill other iihysical projicrtics on addition of the 
first two hydrogen atoms to benzene, as, for instance, 
density, and molecular refraction,— Sv. II. IT. 

ThermodynamicB {neat'). The investigation of 
the relations between heat and ot her forms of energy. 
These relations are govenicd by two fundamental 
laws. See Thermodynamics, Laws ok 

Thermodynamiesy Laws of (Hr at). The First 
Law states that if a quantity of lieat be entirely 
converted into mechanical energy, the amount of 
such energy is a fixecl quantity; and, vice verm^ 
a given qnantit}^ of mechanical energy is convertible 
into a given fixed quantity of beat, in other wordws, 
the ratio of the quantity of heat to the quantity of 
mechanical energy is constant. Thi.s is algebiaically 
expressed by the equation W = J H, in which J 
represents the Mechanical Equivalent of Heat (^.v.) 
The Second Law cannot be so simply expressed. 
Lord Kelvin’s statement of tliis law is as follows: 

It is impossible, by means of inanimate material 
agency, to derive mechanical effect from any portion 
of matter by cooling it below the temperature of the 
coldest of surrounding bodies.” Clausius’ mode of 
expressing the law is : ** It is impossible for a self- 


acting machine, unaided by any external agency, to 
convey heat from one body to another at a higher 
temperature.” 

Thenno-Bleetrieiiy* It was discovered by Seebeck 
(in 1821) that if a circuit be formed by joining two 
dissimilar metal conductors together at their ends, 
and one junction be heated, a current will flow in 
the circuit. For examjAe, let an iron wire and a 
copper wire be twisted together at their ends, and 
one junction be heated, a current will flow from tbo 
copper to the iron at the hot junction ; we have what 
is termed a Thermo-Electric Current, and the 
pair of metals form a Thermo-Electric Couple. 
For the sake of comparison, the E.M.F. produced 
by a couple made of each of tlie following metals 
respectively, with lead as the second metal, is given. 
The temperature difference between the liot and cold 
junctions is in each 1° C : 

Bismuth , . about 90 microvolts. 

Nickel . , „ 22 „ 

German Silver . „ 12 ,, 

Platinum . . „ — *9 „ 

Cojiper „ - 1-3C „ 

Zinc - 2*3 „ 

Iron . . , „ -17*5 

Antimony . . „ — 23 „ 

This elec^iromotivc force is termed the Thermo- 
Electric l‘owEB of the metal. The E.M.F. of a 
couple dcx)emls uixui the temperatures of the junc- 
tions in a manner which may be expressed by the 
formula 

E = a(T, - T,) + ft(lV-T;), 
where £ is the E.M.F., T^ and T, the temperatures of 
the junctions, and a and'if coefilcicnts depending on 
the metals employed. If the mean temperature of 
the two junctions attain a certain value, the E.M.F. 
vanishc-s: this temperature is termed the NEUTRAL 
Temperature, and is given by the equation 

^ a y 

3 Iff, “ 7t 

From this equation it is easily seen that 
a = - T„ 
and from the first formula 

K = 2b(T, - T.) (^^-^ - T„) 

Thus E vanishe.s when T.^ » T„ an<l also if |(T„ + Ti) 
= T^^. If one junction be kept at a consWit tem- 
pt^rature, the E.M.F. attains a maximum when the 
other is at the neutral point ; while, if one be kept 
at the neutral point, the E.M.F. will gradually fall 
in amount as the other is heated, vanishing when 
the two junctions are at the same temperature, and 
becoming reversed if the second junction is heated 
above the neutral point. This phenomenon is termed 
Thermo-Electric Inversion. 

A thermo-electric couple vsupplics a very con\ enient 
method of measuring high temperaturo; for this 
purpose the wires are often R platinum- 

iridium alloy. I’he couple i.s connected in series with 
a high resistance galvanometer, the scale of which 
may be gia<liiated to read directly in degrees. A 
number of couifics are frequently connected in series 
in such a manner that the alternate junctions may 
be simultaneously exposed to a source of heat. Such 
an arrangement' constitutes a Thkbmo-Elegtbio 
Pile or Thermopile, and is commonly employed 
for the detection and measurement of radiant energy. 
In the Radio-Micrometer of Boys a single couple, 
forming part of a closed oircoit, is suspended by a 
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deliciate quartz fibre between the poles of a powerful 
magnet, such as is used in suspended coil galvan- 
ometers. lladiant energy falling on the Junction 
produces an E.M.F., which sets up a current in the 
suspended circuit, which then ads in the same way 
as the coil of a galvanometer. This instrument is 
so delicate that it has enabled the radiant heat from 
a candle two miles away to be detected. 

Peltier Effect : Peltier found (1834) that a 
reversible thermal effect occurs when a current 
flows across a junction of two dissimilar metals, heat 
being liberated when the current flows in one direc- 
tion, and absorbed when it flows in the other. The 
amount of heat liberated or absorbed in a given 
time is proportional to the current, and is perfectly 
distinct from the “Joule Effect” or production of 
heal, which depends upon the resistance of the 
conductor. 

Tftombon Effect : Lord Kelvin (Sir William 
Thomson) found that if different parts of any given 
conductor in which a current is flowing arc at 
different temperatures, there is, in general, an ab- 
sorption or a liberation of heat. Tleat is absorbed 
in an iron conductor if a current flow from a hot to 
a cold point ; in copper the reverse is the case. If 
there be a small difference of temperature, t , — 
between two adjacent points in the conductor, the 
heat developed in tlic part betw«'cn these two points, 
when unit quantity of electricity flows from one to 
the other, is a- (fj — t ,). The coefficient a- is called 
the “S^jcciflc Ileal of the electricity in the metal.” 

Thermo - Electric Power, etc. {Elect,) Sue 

Tiieumo-Electricity. 

Thermometer {Heat). An instrument for the 
Measurement of Teaiperature {^.r.) ^ 

, Electric {Heat). See Measurement op 

Temperature. 

, Maximum and Minimum ( Heat). See Maxi- 
mum AND Minim UA i Thermometer. 

, Mercurial {Heat). See Measurement of 

Temperature. 

, Platinum {Heat). See ^Measurement op 

Temperature. 

Resistance {Heat), See Measurement of 

Tempeeatube. 

Thermometer Screen {Meteorol.) A box or case, 
perforated in order to allow ilie free circulation of 
air, used to protect a thermometer from the direct 
action of the sun’s rays. The thermometer gives the 
true temperature of the air. The commonest i»attern 
is Stevenson’s Screen, with sides made of parallel 
shutters or louvers. 

Thermometric Conductivity, Coefficient of 

{Heat). The diffusivity of a substance. See 
Dtpfusivitv. 

Thermometric Beales {Heat), See Scale, 
Tuermometrig. 

Therm^ile {Elect,) See Thermo-Electricity. 

Thermostat. An instrument for regulating tem- 
perature or for maintaining a uniform temperature. 

Thicknessind {Carp.) Planing down woo<l to a 
fequired thiikricss.. The operation is effected in 
laiye shops by a planing machine, which is furnished 
with two cutter blocks, the distance between which 
can be adjusted ; the machine is termed a Thioknoss- 
ing Machine. 

ThiekneMing Machine {Car-p,. etc.) See Thick- 
KESSING, 


Thick Spaces {Typog.) Spaces used for dividing 
words and* cast tliree to an cm of their own body. 
See Types. 

Thimble {Eng.) A term often used for a cylin- 
drical or conical socket ; also for a conical mandrel 
used in forging rings, which are slid on in order to 
preserve the circular form while being hammered. 

{Plumb.) A brass socket for attaching lead 

pipes to stoneware. 

{Pot.) The smallest size of flower jiot made, 

being 2 in. deep and 2 in. in diameter. The next 
size (2^ in. by 2.J in.) is called Thumbs.” 

Thin Fount {Typag.) Founts of tyjie of wliich 
the lower case letters a to z measure in width less 
than twelve times the depth of their body are called 
thin founts. 

Thinners {Hec.) Linseed oil and turpentine form 
the usual thinners of the liousc painter, thc.se liquids 
being employed to thin the finely ground pigments 
to a consistency" suitable for being applied to a surface 
by means of a brush. The oil serves tu bind the 
particle.s of the ])igmont together, and the turpentine 
serves to fiirthtT “thin” the mixture or render it 
more liquid. See Linseed Oil a7ui Turpentine. 
Although tlie thinners used by Iiotist* painters almost 
universally are confined to linseed oil and tin-pent inc, 
in no fl.\e<l proportions, it is recognised by the best 
autliorilics that they may be varied with advantage 
according to the nature of the pigment.. Thus, when 
oxide of zinc {(/.r.) or zinc white is employeil, it is 
important to use very little turpentine with the 
addition of only retined boiled linseed oil. Some 
paint manufacturers who prepare special paints 
send them out in paste form with liquid thinners of 
! exactly tlie proper composition ready to be added as 
the paint is mixed. This ])ractioe lia.** much to 
recommend it, aii<l is likdv to increase. 

Thinning Out or Dovm ( Ejiy.) Bevelling the edges 
of boiler plates, ek-., where they arc to overlap at a 
joint. 

Thin Plates and Films, Colours of ( lAghf). 
When light falls on a thin plate of any transparent 
material, interference occurs between tlie light which 
is reflected at the front surface and that which ia 
reflected at the back surface. In the case of a i>late 
of uniform thickness the interference may bo emn- 
plete for light of one particular wave length ; if tliis 
was the wave length of the incickint light, then th(5 
interference will be a maximum, and tlie amount of 
light reflected will vanish. If the incident light was 
w'nite, then one colour will be destroyed, and the 
resultant light will become coloured. If the thick- 
nei!>.s of the film varies, tlie colours which are destroyed 
will also vary, and different tints will be produced in 
the reflected light. Newton’s Kings form a good 
example of these colours. A Ions of small curvature 
is laid on a glass plate, and successive ring.s appear 
.surrounding a central spot, which is dark when 
viewed by transmitU'd light. With mono-cliromatic 
light the surrounding ring.s are alternately bright and 
dark ; with white light they appear coloured. If the 
rings be \iewed by transmitted light, the central 
spot is bright, and tlie positions of the bright and 
dark rings ate interchanged, a bright one occurring 
whc:rc a dark one appeared by the reflected light, 
and rice verm. 

Thin SjUMOB {Typog.) Spaces used for dividing 
words and cast five to an om of their own body, 
I’YPBS. 
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Tldo- i^Chsm,') A prefix used in naming^ sulphur 
compounds. In most cases it indicates that in the 
compound bearing the prefix one or more sulphur 
atoms have replaced one or more oxygen atoms. 
Carbonic acid H.^C 03 Thiocarbonic acid H^CSg 
Cyanic ^id HCNO Thiocyanic acid HCNS 
Sulphuric acid H^SO^ Thiosulphuric acid ll-SjO. 
Urea OOCKHg)^ Thiourea CS(KH 2 ), 

Thiocyanates (^Chem,\ Another name for Sul> 
PHOOyANATBS 


Thionine (Chevi.) Another name for Lauth’s 
Violet (^q.v.) 

a /? 

/CII=CH 

Thiophene {Chcm,') | 

\CH=CI1 

a' 

A colourless liquid ; boils at 84® ; insoluble in water, 
soluble in benzene, elber, etc.; lias faint smell re> 
sembling benzene. Tt is attacked by lialogcns more 
readily than benzene, even iodine forming substitu- 
tion products with it in presence of mercuric oxide ; 
the halogens first enter tlie a-position. Strong nitric 
acid oxidises thiophene, but if air charged with 
thiophene vapour is led into nitric acid, nitro com- 
pounds (mono- and di-) are formed. Forms a sul- 
jihonic acid when a dilute solution in light petroleum 
is shaken with concentrated sulphuric acid. Thio- 
phene and its derivatives on treatment with a little 
isatin and some concentrated sulphuric acid give 
a deep blue colour — this is called the Indopheiiine 
reiK'tion. Thiophene can be obtained by heating 
sodium succinate with phosphorus trisulphido— yield 
about 50 per cent. : 


cii^cyon 

^ M)Na 


+ 1\,S3«CH=:CTI, 

I 

CU-CIT 




(Tautouiuric forni.) 

• 2Na3P0, + l»0., 

It. was first obtained from coal tar benzene, in wliich 
it occurs to the extent of about ^ per cent.; the 
benzene is shaken with concentrated sulphuric .acid, 
the acid is diluted uitli water and <listillcd in steam, 
when nearly pure thiophene is obtained — the product 
is separated from water, dried, an<l redistilled. 
Thiophene is obtained in small quantity by passing 
acetylene through bailing sulpliur. 

llornologues of tUitq>hcne occur in coal tar; thus 
a-metliylthiophenc occurs in coal tar toluene. They 
can bo obtained synthetically from diketones and 
7 -ketonic acids. Examples: (1) Thosphorus penta- 
siilphidc converts acetonyl acetone («r I.Uketonks) 
into aa'-dimethylthiopliene. (2) l’J)osphorus }^>eiita- 
.sulphido converts laevulinic acid into nielhylthiophene. 
iSfffi Lasviilimc Acid. The honiologues can also Iw 
obtained from the halogen substitution products of 
thiophene just as benzene homologues are obtained 
from benzene. On oxidation the homologues of 
thiop’beuo yield thiophene carboxylic acids just as 
homologues of benzene yield benzene carboxylic 
acids. 


Thiosulphates Kalts of thiosulphuiic 

acid lloS./)g. This acid may be regarded as derived 
from sulphuric acid by replaccmtuifc of an atom of 
oxygen by an atom of sulphur. 3'he constitution of 

. . . 

sulphuric acid is ^ Thiosulphuric is ro- 


garded as derived from it by replacement of one of 
the hydroxyl oxygen atoms by a sulphur atom 


O 




OH 


That it is a hydroxyl oxygen that is 


O*' ^SH 

replaced is shown by several reactions of formation 
and decomposition of the thiosulphates, : 

(1) A thiosulphate is formed when iodine acts on 
a normal sulphite in presence of a normal sulphide — 

0,8 + Na,S + I, = 0,8 +2NaI, 


OJS<° 


>Na ^ ^ ^ .ONa 

+ C2HjS>»a + IjssOgS ^ 

DU,ilr. 


+ 2NaI. 


(2) When sodium ethyl thiosulphate is decom- 
posed by a dilute acid mercaptan and sodium acid 
sulphate are formed — 

(3) Gentle warming of silver thiosulphate with 
water gives silver sulphide and sulphuric acid — 


0,8 + 11011 = 0,8 

' ^SAg ' ^OH 


+ SAg, 

Jf the constitution of thiosulphuric acid is 0^,8^ 
among 

.OK 


isomerism should exist 
and this is the case — 
.ONa 

M(;lts at 62®. 

105 3 parts dissolve in 
lOO parts water at 15® ; 
with ctiiyl bnimide it 
.OXa 

gives Oo8 II 


on 

SH 

the ibiosulphatos, 


Melts at 57®. 

21 3*7 parts dissolve in 
100 parts water at 15® ; 
with ethyl bromide it 
.OK 

give.O,S<^^p__ 


Salt I. is prepared by neutralising sodium hydrogen 
sulphite with potassium carbonate, and acting on the 
product with ammonium ixiutasulphido ; salt II. in a 
.similar way from potassium liydrogen sulphite. 

Third (Jlu/dr). The interval between two notes 
occupying two degrees of the ^tavc next hul one to 
ca<di other, as E, G. AVc Intervals and Trmpera- 

MUXT. 


Third Flute The flute in 8ee 

Musical Ixstrumknts, 434. 

Thistle iBer.') The flower and Ic.avcs of one of 
the (Mrdma family form the Emblem of Scotland. 
A very ancient order of knighthood is entitled the 
Most Noble and Ancient Order of the Tliistlo of 
Scotland. 

Tholes {AraJdtfft.) Originally used to denote the 
roof of a circular building, but the term came to be 
applied to the circular building. Telascic. 

Thomson Effect If a current flow along 

a conductor wdiose temperature v.aries at different 
points, heat is absorbed at a gdven point, or is 
libenated at the same point, according to the direction 
of t he curi ont. In an unequal l}*^ heated iron wire, heat 
is absorbed when the current flows from the hotter 
to the colder part of the wire; while with copper 
heat is absorbed when the current flow^ from the 
colder to the hotter part of the wire. A reversal of 
the current reverses the thermal effect in all cases. 
This effect is quite distinct from the heating effect 
which occurs in accordance with Joule’s law 
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Thorax {Zoology). The anterior part of the trunk 
of an animal. It is protectetl by the ribs at the sides 
and by the sternum (breastbone) on the under 
(vtMitnil) surface. 

Thorium Th. Atomic weight 232*5. A 

rare metal belonging to Group IV. Series 12 in the 
Periodic Hy.stem. It is a white metal ; sp. gr. 11 ; it 
has not been melted ; burns brightly when heated in 
oxygen ; di.ssolves in nitric acid and aqua regia. 
Thorium occurs as silicate in thorite and orangeite, 
and as phospliate in monazite ; it also occurs in a 
number of other minerals, but those mentioned arc 
the chief source of the metal and its compounds. 
The metal is obtained by heating jjotassium thorium 
chloride KCl . 2ThCl^, with sodium under a layer of 
common salt in an iron cylinder with screw cover. 
There is some doubt as to whether thorium and its 
compounds are radioactive ; according to some 
chemists, thorium prepared from uranium - free 
minerals is inactive. However, ordinaiy thorium 
and its compounds— for example, a Welsbach gas 
mantle — are radioactive : they give out the a, and 
7 rays {see Radioactivity), but the energy radiated 
as a-iays is about 22 times as much as that radiated 
by the jS-rays, and it has been calculated that 1 gi*am 
of thorium emits about 70, (XX) a-particles per second, 
which is equivalent to 0 3 gram calories per year. 
Thoiium and its compounds also yield an emanation 
which can be removed from them by merely drawing 
a current of air over the selected comiKmnd (usually 
the oxide) ; the emanation accompanies the air 
current ; it is a gas which condenses between —120^ 
and — 156^ and is unacted on chemically by any 
physical or chemical treatment, such as strongly 
heating it, treating it with acids and the like, but it 
decomposes spontaneously. The anmnnt the 
emanation is excessively small ; there is present at 
any one time in 1 gram of ti oriunj which is in a 
state of radioacti^e equilibri\im not more than 

5 X 10"" ^^cc. at the ordinary temperature and pressure, 
Tlie thorium atom (or if not thorium some other 
unknown element which usually accompanies 
thorium), therefore, is unstable and decomposes ; the 
stages of the decomposition so far as they are known 
may he represented thus : 

Thorium 


ThoriumX' a-particlc 


Emanationt a-particle (1 or more) 
(a gas) 


EmanationX J o-paiticlc 

(a solid) 

Inactive substance 
Active substance 


a-particle /^q^article ? 

7-Tays 

ThoriumX (ThX) can bo obtained from thorium 


nitrate by precipitating the hydroxide with ammonia 
{not by caustic soda), filtering and evaporating the 
solution in a platinum dish^it is of course not visible 
or weighable. As thorium is undergoing decompo- 
sition, it is of interest to know how long a given mass 
would take to decompose completely : to give some 
idea of this, it has been calculated that of a given 
mass of thorium only 1 per cent, would remain at the 

end of 10^® years. Compounds : The oxide ThO^ is 
the starting point for the preparation of the metal 
and its compounds. It is obtained, for instance, from 
thorite by evaporating it in finely powdered condition, 
with hydrochloric acid, extmeting the heated residue 
with water, removing load by sulphuretted hydrogtm, 
and precipitating the filtrate from the lead sulphide 
wit h ammonia. The very impure h 3 'droxide is washed , 
dissolved iu hydrochloric acid, and precipitated by 
oxalic acid. After washing, the oxalate is heated to 
convert it to oxide. The oxide, which still contains 
traces of other metals, is moistened witli water, and 
heated with concentrated sulphuric acid in a platinum 
dish, when it forms the sulphate, which is dried, 
powdcrtHl, and dissolved in the minimum of water at 
0®: on allowing the tempc'raturo to rise to 20*^. the 
hydrate Th(80^).^91J/) separates out — this depends 
on the fact that the hydrate Th (80^)^91120 is less 
soluble than any other hytlrate up to 43°, and that 
its solubility increases rather rapidly above 20®. Tlie 
process is repeated till a pure salt is obtfiined. Its 
solution is then precipitated by ammonia, and the 
hydroxide strongly heated to convert it into oxide. 
J'hc oxide is a white powder wddeh has not been 
melted. After it has been strongly heated, it is 
insoluble in acids except strong sulphuric acid. It 
is used in the preparation of the Welsbach mantle, 
and for this purpose it is prepared by heating the 
nitmte. iSce Flamk. The hydroxide Th(t)Il)^ is 
obtained by precipitating any soluble thorium salt 
with ammonia : it is soluble in acids forming the 
corresponding salts. The chloride ThCl^ is a white 
crystiilline solid, somewhat delique.scent ; crystallises 
from water with HHj,0 ; has a normal vapour density 
at 1050°. It is obtained by heating the metal in dry 
hydrogen chloride, or by heating a mixture of the 
oxide and carbon in a current of chlorine. The nitrate 
Th(N(),), is very soluble in water, and is obtained by 
dissolving the frc>hly precipitated hydroxide in nitric 
acid : it gives the oxide when heated. The siilphate^ 
Th(HO ,)2 is obtained as described above, and is re- 
markablV for tlie numl)er of its hydrates and their 
sUbility'. The hydrate Th(S()^).,9lT20 is the least 
soluble up to 43’, at which temperature it decom- 
poses into Th(SO|)AH.p, whicli diminishe.s iu solu- 
bility from 18° to *100°, when it decomposes into 
Th(S0,)22II,0. Over 43° the hydrate Th(80,),4Hj,t> 
is the least soluble. The carbide I’hCj is a transparent 
crystalline solid, obtained by heating the oxide with 
sugar charcoal in the electric furnace ; it is decom- 
posed by water giving a number of hydrocarbons, 
among which are acetylene (47 per cent.), methane 
(29 per cent.), ethylone\6 per cent.), and, in addition 
to these, about 18 per cent, of hydrogen. 

Thorne Composing Machines. See Typjs Settino 
Ma(;hin£S. 

Thorough Bass {MuHc), The continuous bass, 
bearing figures to show wliat harmony is to accom- 
l>any it, in a composition, Tlie term is often used 


^ Loftes half ite aciu ity in f«>ur day*. + Lo3t>8 half ito activity in one minute. 

X LoeoB half iiH activity m eleven hours ; cause of excited radioactivity ; soluble in hydrochloric and anlphuric acids (the 
emanation ih not soluble in these acids). 
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to denote any figured bass, whether hatio continue or 
not. Also as a term synonymous with harmony, as 
** the rules of thorough bass/' meaning " the rules of 
harmony *' ; this, however, is not the real meaning of 
the term. For example of figured bass, see Sgobb. 

Thread ilhig.) See Screw, 

Thread Gait (Lore Manu/ac,) The available 
space between any two carriages in a lace machine. 

Threading (Jjare Ma?m/ac.) The operation of 
placing the brass bobbin properly into its carriage 
or shuttle, an I tlircading the end of the material 
through the liole or guide. 

Three Coat Work (PI aster hhg). Plastering exe- 
ented ill three successive coats, viz. (1) Pricking-up 
Coat, (2) Flouting Coat, (H) Setting Coat. 

Three Colour Procesa. See Photo Ekgravikg 
and Photography in ('olour.<i. 

Three High Rolls or Mill A rolling mill 

with three rollers one above another. Of. Two 
High. 

Three Moments, Theorem of (MecU. Ung,') A 
theorem by which the bending moment at the points 
of support may be determined in the case of a “ con- 
tinuous ” beam or girder, i.e. one resting on three (or 
more) support**. For a detailed discussion of this 
thoorcfin, works on the Theory of Structures, etc., 
must, be consulted. 

Three Part Box A moulding box or 

flask in three sepanilc parts ^used in ca.ses where a 
easting las to bo made with a central portion which 
does not allow the ca^^y withdrawal of the pattern. 

Three Phase System {_E\eet. Eng,) A system of 
gone rating and distributing electric energy, which 
of great >alue when jKJwer has to be transmitted 
o\ei‘ a considerable disStance. An alternate current 
generator is used, which produces three alternating | 
currents, differing in phase by one-thir<l of a complete 
period, Lc. by It is only necessary to use three i 

wirc«#for t he distribution of the three currents ; the | 
use of lhe.se three wires must, however, be carefully 
disliiiguishod from tluit of the conductors in a three 
wire system 

Three Quarter (Bind.) A book cover the bark of 
which is of leather, extra wide, the corners covered 
with leather, and the sides with cloth or pajjer. 

— (Paint,) Tlie term denotes a size of portrai- 
ture :10 in. loug by 25 in. wide, the figure being 
shown to the hips. Cf. Kit-cat. 

Three Quarter Bat (Build,) Tliree-fourlhs of a 
brick usc(i in the place of a closer and a header in a 
brick wall. 

Three Square (Eng,) Three sided, or triangular 
in section. 

Three Throw Crank (Eng.) Three cranks carried 
on one shaft, the angle between two consecutive 
cranks being 12Cf. 

Thi'ue Throw Pump (E^ig.) A pniiij) with three 
barrels, the plungers or pistons being driven by a 
three throw emnk (q.v.) 

Three Wire System (Elect. Eng.) A system of 
electrical distribution, in which two dynamos are 
employed, and are connected to three distributing con- 
ductors. One of these, the ^eutral or Balancing 
Wire, is connected to the positive brush of one 
dynamo and the negative brush of the other ; the 
remaining wires are connected to the two other 
brushes respectively. The lamps, etc., supplied by 


the system are connected to the neutral wire and 
one of the other wires, and so arranged that approxi- 
mately equal numbers are oonnected to each of the 
two “outer” or principal conductors. The current 
in the neutral wire is then equal to the difference of 
the currents in the two other wires, and may be 
zero. 

Threihold (BMd,) The stone step of a doorway. 

Thriee-marked Octave (Music). See I^toh. 

Throat (Eng„ etc,) (1) The opening at the top 
of a blast furnace. (2) A part of an object corre- 
sponding to the opening or neck of a bottle. 

Throating (Build . ) The groove cut on the under- 
side of a skylight, transome of a frame, stone cills, 
etc. This groove serves to prevent the rain from 
running along the under surface by capillary 
attraction, and finding an entrance through crevices, 
especially in the case of skylights. 

Throstle Frame (Cotton Spirming^ etc.) A system 
of flyer spinning wdiich is fast falling into disuse. 
It is being superseded by the ring frame (q.v.) 

Throttle Valve (Eng.) A valve placed in the pipe 
wliich Bupiflies steam (or gas) to an engine ; the 
supply is controlled by opening or closing tlie throttle 
valve, which operation is effected in steam engines 
by the governor (q.v.) 

Throttling (Eng.) Ecgulating the supply of steam 
(or gas, etc., in the case of a gas engine) by means 
of a throttle valve. 

Through Stone (Masonry). A bonding stone going 
through the thickness of a wall. 

Throw (Eng.) (1) An old term for a IjATHE 
(^.r.^ (2) The diameter of the circle described by 
the otnti* of a crank pin ; it equals the stroke of the 
pi.ston. 

Throw of a Fault (Geol.) The amount of the 
vertical di.splacement produced in strata by a fault 
(q.v.) 

Throw Off ImproBsion (Print.) An arrangement 
bj" wJjicl the cylinder of a printing machine is raised 
cioar of Iho forme, which may then travel beneath 
without an impression being made. 

Thrust (Eng.) A pressure, particularly that exerted 
along the axis of a rod or a shaft. 

Thrust Block or Bearing (Eng.) The bearing 
which takes the longitudinal thrust in a propeller 
sViaft; it contains a number of grooves, in which 
corresponding rings or collars (the Thrust Collars) 
formed on the shaft rotate. The thrust is thus re- 
ceived directly by surfaces of metal, which are 
normal, or at right angles, to the force which they 
liavc to overcome, hence lateral motion of the shaft 
is prevented. 

Thrust Collars (Eng.) See Thrust Block. 

Thrust Plane (Geol.) The plane of dislocjition in 
a reversed fault (q.v.) Also termed a Gliding 
Tlane. 

Thrust Screw (Eng.) A screw placed in line 
with a rotating shaft or mandrel, with its end in 
contact with the end of the shaft : its use is to take 
any thrust in the shaft, and to provide a longitn- 
dinal adjustment for the latter. XJsed in some forms 
of drilling machine, lathe, etc. 

Thqja oecidentalls (Botany). A tincture used 
in pharmacy, made from the young shoots of the 
Arbor vita: (Cmi/eree). 

Thumb (Pot.) See Thimble. 
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Thumb LeTer Composing Stick (Typog.) So 
called because the slide is fixed by pressing down a 
Icvrr. 

Thumb Mould (Join.') A moulding used on the 
edge of tables. 

Thumb Plane (Join.) Small planes, 3 or 4 in. 
long, used in working mouldings, rebates, etc., in 
situations where an ordinary plane cannot be used 
conveniently. 

Thumb EknPOW {Eng.) A small screw with a head 
so formed that it can be turned by the thumb and 
finger. 

Thumb Screw Compoeing Stick (Typog.) So 
called when the slide is fixed by means of a thumb 
screw. See Composing Stick* 

Thumper (Music). The level felted weight against 
which organ keys hit when they rise. Its duty is to 
keep the key level. 

Thunder (Metcorol.) The noise corresponding to 
that produced by the passage of an electric si)ark. 
Tt is due to the sudden heating and consequent 
expansion and contraction of the air column. 3'he 
rurubliiig noise is caused by numerous refractions 
and refiections from arljacent clouds and hills. 

Thunderstorm (^Mneorol.) I^ocal progiessive 
atmospheric disturbances occurring in most lati- 
tudes; accompanied by rain and electrical pheno- 
mena such as lightning. 

Thurible. A Censer (</.r.) 

Thus (Frankincense or Olibanum). A resin which 
gives out a marked odour on being burnt, and is one 
of the main constituents of the mixture called incense, 
burnt in religions ceremonies. The name “ incense ” 
refers to the combustion which develops the ooour. 
Thus is the dried exudation of certain resinous trees, 
and comes from Africa and Arabia. It has been 
known frnni very remote antiquity, and lifis been used 
for chewing as well as for fumigating. The name 
Olibanum is derived from the Hebrew w'ord for milk 
(lebouah), and refers to the milky appearance of the 
sap before it hardens on expcjsure to the air. The 
Arabian and East African product is obtained from 
various species of BoswvUia^ w'liile the West African 
olibannm, which cornea mostly from Sierra I*eone, 
is a product of DanielUa thurifera. Frankincense 
occurs in commerce in the form of pear-shaped 
‘•tears,’’ always covered with a white dust. When 
this is rublicd off, the masses jure seen to be either 
milky or clear and semi-transparent. The colour is 
a pale yellowish red, very faint in the best qualities. 
As regords constitution, it is a gum resin, containing 
about 33 per cent, of a gum said to be identical with 
gum arable, and 56 per cent, of a resin which is 
separated from the gum by alcohol, in which the 
latter is insoluble. The remaining 1) per cent, or 
thereabouts consists of an essential oil easily obtained 
by distilling the frankincense with water or in a 
current of steam. TJiis oil is sometimes quite colour- 
less, but is usually .somewhat yellow, and has the 
same smell as the burning incense, which therefore 
probably owes its odour to the volatilisation of 
unburnl oil. It is a matter of common knowledge 
that incense is bunit in jjartialJy closed ves.sels, not 
only for flic convcniemie for .swinging, but to restrict 
the access of atmospheric oxygen. The oil has a 
specific gravity of aV)out 0-88, and is laevorotatory. 
It consists mainly of ter^jencs, and therefore boils at 
about 170^ but its constitution is not accurately 
known. The oil was formerly largely used in medi- 


cine, and is still so to somjs extent, although it is 
not officinal. Frankincense and its oil are very 
similar to myrrh and the essektial oil obtained from 
that resin. See also GuM Thus* 

Thymol (Botany). An antiseptic substance ob- 
tained from the volatile oils of the piaats Thynms 
vulgaris^ Monarda punctata^ Caimin oopticum (order, 
Labiatoi). . " 

(a^w.)l 

, (HI-CHv. 

CIT3 . CV/ >C . GH(CH,)j (3.mcthyh6. 

\CI1— COH isopropylphenol). 

A colourless solid crystallising in large tables ; melts 
at 14® ; boils at 230® ; slightly soluble in water (1 in 
1500) ; soluble in alcohol and ether. It has a smell 
of thyme. It dissolves in caustic soda or potash, 
forming crystalline salts, which liberate thymol on 
trealing them with an acid. Distillation with 
phosphorus ]>entasulphide c<)nverts it into cymene 
(g.r.) On oxidation with chromic acid it fields a 
quinone. When acted on by iodine in alkaline 
solution it yields a monoiodo derivative, a diodo 
derivative, or a dio«lodipbenyl dcri>'ative according 
to the conditions of the experiment. The last of 
these substances contains 46 i)er cent, of iodine, and 
is used ns an antisc})tic under the fiamc nristol ; the 
only advantage it has over iodoform is that it has 
very little odour. Thymol occurs in oil of tliyme, 
which may contain as much us 30 per cent, of it; it 
is obtained from this oil by shaking with caustic 
soda, .separating the sotla solution, and precipitating 
it with hydrochloric acid ; the i)recipitato is crystal- 
lised from aeetic acid. Thymol is a stronger anti- 
.scptic than phenol and is used in medicine as an 
antiseptic; its slight solubility in water is perhaps 
against its general use. 

Thyrsus (^lrc7/<s?*^//., Art). An attribute of Dionysus 
j (Dacchus) and his votaries. It consists generally of 
a staff tipped with an ornament like a j)ine cone, 

1 sometimes wreathed with i\y or vine branches, but 
\arious forms are recorded. 

Tiara. (1) A headdres-' .somewhat like a turban, 
worn by the ancient Ter-'^ians. The tiara is .still the 
} ceremonial headdress of the kings of Persia. (2) 
The Pope’s triple crown, a tapering cylindrical 
(iiadern surrounded by tims^ crowns, and surmounted 
by a mound and cross, (.3; A coroiu't and ornameiit 
for the head in the form of a cort/iiet. 

Tibia (Archisol.) A variety of llagolet or" flute, 
made cither single or double. 

(Zool,) .In a mammal one of the tw'o V»oncs 

forming that portion of the leg (hind limb) lying 
between the knee and the foot. I ho term is also 
applied to a part of one of the appendages in certain 
invertebrates. 

Tidal Basin (Civil Eng.) A dock which com- 
municates thioiigh lock gates with tidal wratcr. 

. Vessels can enter as soon as llic tide reaches the 
j le\cl of the water in the laisin. See Docks. 

j Tides (Astnm.) Alterations which occur in the 
1 depth of a large body of water, owing to the at trac- 
tion exerted by the sun and moon. Water draw'U 
fn>m one place (where it i.s low tide) is accumulated 
at another (whore it is high tide). This phenomenon 
is progressive, the tides following the relative 
motions of the earth, moon, and sun. The theory 
of the tides is long and complex. It is given in full 
in works on Gravitational Astronomy. See Priming 
OF THE Tides. 
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(JStig,) A member of a stmctitro which exerts 
a tcnsiie foroo between two other parts. It is usually 
a thin ro^, which is theoretically capable o£ being 
rejAaced by a chain or cord. 


See Bind. To what is stated there 
may be added the following: Mr. Franklin Taylor 
points out that occasioually in pianofoito music the 
bccond note is actually reiK'atod in such a way that 
the note is rapirlly and closely restriick before the 
damper has quite fallen, so that there is no actual 
silence between the tw'o sounds. Tbo following is 
an example: 

Vnla« Oji. 34, Xo. 1.— CnoPiK. 
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In older music tics were loss used, the notes being 
written as follow it : 


** lipboltl 1 1)1 mg }on glad Udtugs.**— Priu-rLL 


ni modern music tics are in>aiiably used when a 
note IS sustained in two bars. Ihe ubo\c in modern 
notation would be: 





m 


{StJh Manufue,) The term npjAied to an 

arrangement of ihieadb in plain wca\ing, cy. “ satin 
tie, twjll lie, etc. 

Tie Beam. Sec Hoofs. 


Tie Bolt (7- Ay- ) \ bolt scr\mg as a tie (y.r ) 

Tier, Teir, or Bangs {^Luce Manufae,') A row of 
carnages in working i) 08 ilioiu 

Tierce A metal oigan stop sounding the 

thiid in the sccoikI octave, i c, the ^e^eutecllth, of 
the foundation slop. It is .s< Idom found in modern 
organ’ll, owing to the diflicultics in introducing it 
under the equal tompei anient tuning. The tierce 
uowToraift one of the rankb in the mixtures (y.v.) 

Tierce de Pioardie The third in a major 

chord which closes a ])icco written in the minor key. 
The older composers always used this chortl in miaor 
key coinpobitions for the final choid, or else omitted 
the third altogether. M example is given from 
1‘urceirb anthem under Tie, 

Tteroeroni See Bib and Takel 

^VAUliT. 

fie Rod See Tie. 


Tiger Mai (JJofany). The tuberous rhlwmes of 
Cyperue eecuileiUve (order, Cyj^aoeai), rich itt stium 
4ind oil, are used as an article of food in Souibern 
Europe, where they are known under the various 
names of ** Chufa/* “ Amande do terro,’* ** Souebot 
comestible.’^ They are exported from the Gold Const 
under the name of tiger nuts. 

Tidhtenind Pulley (Mty.) a pulley used for 
tightening or taking up the slack in a belt, driving 
cord, or chain. The pulley can bo jno\ed and 
clampc<l in any position within certain limits. • 

Tile (BttUd.') (1) Generally a thin piece of baked 
clay finished according to the purposes for whiq{i it 
is intended, e y. covering roofs, doors, walls, or for 
lining furnaces. Tiles are also made of porcelain, 
gUsR, marble, metal, etc. Roofing tiles are made in 
various forms, but the most usual form is tlie pantile 
(// r.) Tiles oie also made for use in specific i>arta of 
a loof, eg. crest tiles, ridge tiles, etc. (2) The name 
given to a short earthenware piijc used in making 
a drain. 

Tile Ore (Mm.) A red or reddish brown variety 
of CupuirE (y.r.) containing a certain percentage of 
non. 

Till (/}eoh) A name given in Scotlan'id to 
Boi LOER Clay—? e. a glacial material cnclositig 
iKiulders and angular fiagmonts of numerous older 
rot ks. 

Tilt, Tiltind* r’harging with the lance or siioar. 

Tilt Hammer (-Vc^) An early form of power 
hammer It iniy be rompaied to a large hand 
hammer, jnvotul at one end of its handle, and 
gradually r.dsetl by a cam oi jirojectiou oh a wheel 
rivoMng immediately underneath the shaft. When 
the cam i^as^td a ccilam i>oint, the hammer fell 
Middf*nly, striking a lieavyblow. It was much used 
in puddling mills and forges, but is now obsolete. 

Tilting Fillet i^Carp. and Jinn.) See Sprocket 
riECiH. 

Tilting Helmet (Arm ) A licnvy helmet used in 
thf Ilf let nth and sixteenth centuries at the joust or 
tilt (fj r ) The himitic or oiKiiiiig for vi'^ion was 
high lip so that the wcaier could only see his oppo- 
nent when bending hirwaid in the saddle for the 
course, r/. Tourney Helmet. 

Timber. Set Woods, 

Timber Heaearement. Timber in bulk Id 
laeasured in units teimed STANDARDS. A standard 
of pine is 720 ft. of 11 in. by 6 in. ; boards arc 
mca^uied b\ the suiierficial foot, leckoniiig the unit 
I thicknc&s as lin. ; lAige logs by the cubic foot; 
smaller stuff by the linear foot or “foot lun.” 

Timber Rack. A place for the storage of timber, 
either while diying or afterwards when leady for 
use. In the foimei case the timber is always laid 
horizontally; in the latter it may be stored in a 
\aitical position, 

I Timber Washer (^Jiuild., cte.) A metal washer 
(y.r.) used to pi event the beads and nuts of bollA 
employed in woodwork from injuring the fibre of 
the wood. 

Tianbre (^une). The quality of a sound, duo to 
the form of the sound waves. A good quality of 
tone is comparatively rich in upper partiuls (f/.u.), 
and the existence of these depends on the wave term. 
I Bounded forms give a soft quality, whilsl a more or 
t le'^s piercing quality results from angular ones. See 
1 llABMONiCb; Sound. 

4» 
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Time. All measurements of time are basod on the 
natural units, tl>e Day and the Year. As these are 
not iDTarisble periods, Hiban Time has been intro- 
duce^h The scientific unit of time is the Rec 6 ki>, 
which is the & mean solar day. 

Mean Solab Day, Mean 3i;n, Solab Time, and 
Weights and Measubbs. 

(jtff/sir). ( 1 ) The speed at which a musical 

comi)08ition is performed is called the time or tempo 
(^.r.) ( 2 ) The division of musical phrases into 

measures of equal lengths, having especial regard to 
the accents; the rhythm, as common time; triple 
time. Tliesc divisions are indicated by time signa- 
tures (^.v.) There are two kinds of time: (a) 
Common lime; (^) triple time. In common time 
the accents ooimr on alternate beats, whilst in triple 
time they occur once in every three ^ats. Common 
time is sometimes divided into duple and quadruple 
time, respectively two and four beats in a bar. Both 
common and triple time are subdivided into simple 
and compound times. Compound time is foimed by 
combining two, three, or four bars of triple time into 
one bar ; two or four bars making compound common 
time, three bars making conipoaiid triple time. 
Tliesc are all set out in fu)l nndt^r Time Rigkatuee. 
Other kinds of time consist of combinations of 
common and triple time, quintuple time is 
formed by combining one bju: of common time with 
a bar of triple time, thus: 



or a bar of triple time with a bar of common, ifcms : 



Time Signature. 


Time, Beating of (Jfttidc). Tlie signs by which a 
conductor leads a jJerformance. These signs arc gene- 
rally made with a short .stick, called a baton, and 
should be made decidedly and by a wrist movement. 
Flourishing the baton 'and all otlier unnecessary 
movements only worr}' both jierformcrs and audience. 
The following diagrams sliow the movement of the 
baton in beating different measures of time: 



Tig, 1.— Two Death nr a Bau, 




I 

Fia. 2.— Tuass Beats in.a Bar. 


llie former of these, is most general, and it hae the 
advantage of being less seen by the audience than 
the latter, althongh equally visible to the performers. 
The latter, however, is generally used when there are 
performers behind the conductor. In quick triple 
time the beats are often given thus : 



Fig. ft.— T hree Brats in Fig. 4.-^Foua Beats in 
a Bar (qulok). a Bar. 



Fio. S.—PivE Beats in a Bar. 


according to the i>lace of the second accent, 
Time. 



Fju G.—Hrx Beats is a Bar, 



I 


Flu, T.—Seves Beats is a Bar. 

Kight beats are given by duplicating each of the foiu: 
beats, and twelve by trebling them, thus : 



Fig. S.— Bight Bkaxb. Twelvh Bsatsu 
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Kine beats are given as in fig. 9. 




Fu.. 9 . Nine Beats ix a Bar. 


Timepiece. See Watches and Clocks. 

Time Bheets. I'apers on wbich are reconlod the 
hours 'which niou have worked each day (or week) 
and the actual piece of work on which they were 
engaged. From the time sheets arc comi>iled the 
wages sheets for the payment of the men, and the 
cost in labour oi^each job 
Time Signature Rlgns placed at the 

commenceiTiont of a piece, immediately after the key 
signature, to indicate the rhythm in which it is 
written. Sometimes a cliange of time signature 
occurs daring a moAement, as in the following: 



Li&st. 




thus showing a tem^xirary change of accent. With 
the exception of the signs and all the time 
signatures are denoted by figures. Tiicse figures are 
fractions of the semibreve (the standard note of 
mcasureiueiit'), the top figure (numerator) showing 
the pumber of beat's, and the bottom figure (denomi- 
natoi; the kind of note of which c.Lch beat consists, 

J - three-fourths of a soniibre\e, ?.r. three 
crotchets in a bar. The signs (|j and are not the 
capital C denoting common time, but aic deihed 
from a circle. In ancient music the circle denoted 
perfect or tiiple time, and the broken circle, (|j or Q,* 
imperfect or common lime. The barred (jj denotes 
four minims in a bar, and is known as A/la hrere. 
The 0 now denotes four crotchets or two minims in 
a bar, and is known as Alla cajfclla. Both sigm*, 
however, are rapidly disap^X'aring, and giving place 
to figures. The following table shows the signatures 
now generally in use, with their explanations and 
the strong, me<lium, and weak accents. It must be 
remembercd that the signature shows the number 
of heati in a bar, not the number of notes: 


# 


2 

2 

2 

4 

2 

8 


Table of Time Bionatubes. 
(1) Common Time. 

(<c) Duple Hkaeure. 

* Simiite. 
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(6) Quadruple Measure. 




Simple. 
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(2) Trfjtle Time. 
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Other signatures may occasionally bo met with, 
u example being given under Time showing five 
ratchets in a bar. That shown above, J (J), indl- 
ates that there are six crotchets in a bar, but baviDg 
lie accents on alternate crotbhots — that is, a sub* 
ivision of triple time, !, not compound duple where 
he accents are on the first and fourth. In HandeTs 
Suite de Piece'' the following comUned time sig- 

in Anme nditiotiB : 
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bnt the same result is obtained by either writing 
both parts in g time and marking the groups as 

triplets, or by writing both in JJ time and dotting 
eveJ7 bass note. See also Time. 

Timidamente ; Timore, Con; TimoroBO {Mvek). 

Timidly ; with hesitation. 

Timpani, Tympani QLieiv). Kettledrums. See 
Musical iNSTBUMJiNTS, ;p. 444. 

Tln(r/tm,) Sn. Atomic weight, 119. A white 
metal; melts at 232°; specific gravity 7*29: very 
malleable, but Ixjcomes brittle at 200°. It crfeui- 
lises easily : for example, by melting it, allowing jm-t 
to solidify, and pouring away the still liquid part, 
rhombic prisms are obtained. The sound emitted 
by a bar of tin when it is l)ent is ascribed to the 
fractuie of crystals in the interior of the bar. When 
tin is strongly cooled it changes to a grey powder of 
sp. gr. 6; this change is quickest at —48°. The tran- 
sition point for the two forms of tin is 20°. At 20° 
and even for many degrees below, the rate of change 
of white to grey tin is >ery slow: but it is greatly 
accelerated by putting the metal into a solution of 
ammonium stannic chloride (KlTj^SnCln, as white 
tin has a higher solution pressure in this than ha.s 
grey tin, so that the change once stai*tcd will proceed, 
white tin throwing out grey tin from solution. Tin 
is not oxidised in air at the ordinary temperature, 
but it is easily oxidised on heating it in air or 
oxygen; the dioxide is formed on complete oxida- 
tion. The action of atidsis as follows; Hot strong 
hydrochloric acid dissolves tin somewhat readily, 
forming stannous chloride and evolving liydrogcm. 
Warm dilute sulphuric acid gives stannous or stannic 
sulphate, according as the tin or acid is in excess, 
and hydropn is evolved ; but with tlie hot concen- 
trated acid sulphur dioxide, sulphuretted hydrogen, 
and sulphur are obtained in place of hydrogen. The 
strongest nitric acid has no action; when suffi- 
ciently diluted it forms inetastannic acid, HjoSn^Oij, 
probably owing to hydrol^Tsis of previously formed 
stannic nitrate ; the dilute acid forms stannous and 
ammonium nitrates. Aqua regia forms stannic 
chloride. Hot strong caustic soda or potash forms 
sodium or ixjtassium stannate with evolution of 
hydrogen. Tin forms many important alloys with 
other metals, e.g. bronze, pewter, solder, gun-metal, 
bell-metal, Britannia metal {see these). It also 


amalgamates readily with mercury, and this amalgam 
was at one time largely used in making mirror^ ; but 
it is not used for this purpose now. Tin is exten- 
sively employed in the manufacture of tinplate, which 
is sheet iron coated with tin ; the form of iron 
employed is rolled wrought iron or mild steel. The 
surface of the iron to be tinned must be very clean ; 
it is cleaned by immersing the sheet in dilute 
sulphuric acid, and then polishing it with sand and 
water. The tinning is effccte<i by dipping the sheet 
in melted tin, the surface of which is protected from 
air by melted fat. In reality Uie tin alloy.H with the 
iron, and the alloy is far leas readily acted on by 
wrator than iron itself. Tin occurs chiefly as the 
dioxide SnO., (tinstone : cassiterite) (sr.r.) To 
obtain tin the* ore is crushed and washed with water, 
the stream of water carrying away much of the 
lighter impurity (sp. gr, tin ore == 6 5 ; sp. gr. 
rock = 2-7). The washed ore is dried and roasted; 
the roasting process converts sulphides to oxides, the 
sulphur escaping a.s dioxide, and it removes arsenic 
in the form of the volatile arsenions oxide, which 
is coiidcnse<i in suitable chambers. If the ore con- 
tain much copx'>er, the roasting is so conducted as 
to form as much copiHJr sulphate as possible, which 
can be extracted with water, and the copper obtained 
from the solution : if it contain tungsten, this is 
removed, by rojisting with carbonate of soda in a 
reverberatory furnace, when a soluble sodium tung- 
state is formed, and is extracted with water. The 
ore is once more washed, mixed with powdered 
anthracite, nnd reduced by lieating it in a rever- 
beratory furnace. The crude tin so obtained is 
I purified by plaining it in bar form on the hcarlli of a 
1 reverberatory furnace and heating it gradually, so 
that the easily fusible tin separates, leaving behind 
a higher melting alloy (^f tin and other metals which 
are not entirely removed in the preceding processes. 
This ensi(‘r fused product is received in an iron vessel 
over a fire to keep the tin melted, and poles of wet 
wood are plunged into it (“ poling ”), the object being 
; to agitate the metal, winch is then expx)seil to air, 
j and the last traces of oxidisable metals removed as 
j oxides wliich form a scum on the surface oF the tin. 
j When cast the prwluc* is known as block tin : when 
heated to the temperature at which it becomes brittle 
and theji broken iq> it forms grain tin. 

Tincal (Jfi *t.) See Bobax. 

Tin Compounds (C7irm,) Tin forms two oxides— 
stannous oxide, and stannic oxide, SnO.„ These 
oxides function both as basic and acid oxides. From 
the first arc derived the stannous salts HnX^, and 
I the stannitc.s MgKnO.,; from the second arc derived 
I the stannic salts Hn’K^, and the stannates 
X stands for a monovalent acid radical and M stands 
for a monovalent njctal or positive compound radical, 
e.g. Nil^. Htajtkoiis Oxiuf: is a dark crystalline 
powder. When heated in air it is oxidised, but not 
completely, to the dioxide ; it is insoluble in water, 
but soluble in acids, forming stannous salt.s. \^iicn 
caustic potash solution, in slight exces.s, is added to 
a solution of stannous chloride, a precipitate of 
•Stannous Hydboxide, Bn(OH).^ is obtained, which 
when filtered and washed yields stannous oxide on 
boiling with water containing only a little caustic 
potash. The white precipitate of by'droxide ob- 
tained above dissolves in excess of caustic potash (or 
soda), and the resulting solution contains a stannite, 
KjBnOg. The Stannites are reducing agents. Thus 
they give a black precipitate of hyj^bisnnithons 
oxide Bi.p, with a solution of a bismuth salt, 
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they reduce diazoniura Chlorides to^ hydrocarbons 
(C J3 jNjCl to Cgllg), and they reduce nitro compotmds 
to azo compounds (C.H^NOg to C0H5N2C-H5). Stan- 
nous Ohlobidn, SnOlg, is a white solid; melts at 
260 ® ; boils at 606 ®. Its vapour density con-esponds 
to a mixture ot Sa^Cl^ and SnCl, molecules except at 
very high temperatures, when it corresponds to that 
required by SnCl,. Ordinarily the salt is met with 
crystallised in small prisms containing two mole- 
cules water of crystallisation, Ha0l22H.p. These 
crystals are soluble in a little water, but excess of 
water hydrolyses the salt, and a basic chloride, 
insoluble in water, but soluble in acids, Ls precipi- 
tated (Sn . OH . C]).^H, 0 ; they are also soluble in 
alcohol. A solution of stannous chlorldo absorbs 
oxygen from the air, giving the basic chloride just 
mentioned. It is iimch used as a reducing agent, 
C.17. it reduces silver, mercury, gold, and platinum 
salts to the metal, ferric to ferrous salts, nhro 
compounds to amines. When stannous chloride 
solution containing stannic chloride is used to reduce 
a gold solution, a precipitate known as purple of 
Cassius is pro<luced which contains gold and stannic 
acid; but what form tlie union between the two 
takes cannot bo regarded as settled. Btannous 
chloride unites with alkaline chlorides to form doubl ^ 
salts such as (NH^)ySnCl^. Btaunous chloride is used 
under the name o"f tin salt in dyeing and calico 
printing. The anhydrous still can be prepared by 
heating tin in hydrochloric ticid gas, and the 
crystallised salt BnCl, 211 /> by dissohing tin^ in 
hydrochloric aci<l and evaporating the .solution. 
fSTANNOUS SuLPiilDK, Kn8, is obtained as a grey 
crystalline solid by diiect union of its elements or as 
as* a brownish black precipitate when sulphuretted 
hydrogen is passed into a solution of a stannous salt. 
It is soluble in alkaline polysuli»hidos forming 
sulphostannates, e.ff, + SnS = (NII^).^8nS3 ; 

it is also soluble in strong hydrochloric acid. 

Oxide is a white powder wdiicb can be 
obtained in crysttds like the natural product, but 
small, by heating in a current of hydrochloric acid 
gas ; on heating it changes colour, becoming reddish 
browm at a high temjxerature : melting iwint un- 
known ; insoluble in water or acids except sulphuric 
acid which dissolves it, but the stannic oxide is 
precipitated unchanged on addition of water. It is 
reduced to the metal by strongly heating it in 
hydrogen, or with carbon (tee TiN)» or easily by 
fused potassium cyanide. When fuse<l with caustic 
soda or potash it forma stannatca. Stannic oxide is 
obtained by roasting tin in air or by heating any of 
its hydrates. Under the iiaiuc of putty powder it is 
used for j^dishing purposes, in making white glass 
and in enamelliug (rendering the enamel opaque). 
Stannic Hydroxides ; The normal hydroxide 
8n(OH)^ (jS-staimic acid) possesses both feeble basic 
and aciil prc>perties — it dissolves in dilute acids to 
form stannic salts and in alkalis to form stonnates. 
It^ very unstable, easily losing water on heating. 
This hydroxide is obtained by adding a solution of 
a neutral salt such as sodium sulphate or ammonium 
nitrate to a solution of stannic chloride— the chloride 
is hydrolysed by the water and the colloidal solution 
of the hydroxide is precipitated hy the neutral salt. 
Another hydroxide, H^nO, (a-stannio acid), is ob- 
tained by adding calcium carbonate to a solution of 
stannic chloride or by adding hydrochloric acid to a 
solution of on alkaline stannate. Its properties are 
similar to those of the normal hydroxide. A third 
hydroxide known as metastaunic acid (H^BnO^)** is 
obtained as a wliite solid by the action of stxong 


nitric acid on tin; it has feeble acid properti^ 
forming salts with alkalis. . On heating, It gives 
stannic oxide. It is insoluble in strew adds but 
combines with them, giving compounds wnloh dissolve 
in pure water. Bodium Stannatb, NSsSnO^ obtained 
as mentioned above, crystallises well from Water 
with three molecules water of crystalUsatlon. It is 
used in calico printing under the name prepaxlng salts. 
Stannic Chloride, SnCl^, is a colourless liquid; 
boils at 114 ® ; has a normal vapour density ; fumes in 
air. With water it unites to form several distinct 
Iiydrates — SnCl/dHsO, SnCl46H20, SnCl^SHjjO — 
ail cryjstalline solids. It dissolves in much water 
with partial hydrolysis — this is shown by the fact 
that on distilling the solution unchanged stannic 
chloride passes over with the steam while stannic 
hydroxide separates from the boiling solution ; the 
hydroxide also separates on allowing a dilute solution 
to * stand. It unites with hydrochloric acid and 
water in nearly theoretical proportions to form the 
well crystallised acid IlgSnClj,. 6H.p (ohlorostannic 
acids) ; a number of double chlorides may be regarded 
as salts of this acid — c\ff. ammonium stannic chloride 
(NH^)j;SnCls, which is formed by mixing solutions 
of the" two chlorides and crystallising; it is soluble 
in three times its weight of water at 15 ®; it is used 
as a mordant in dyeing under the name of pink 
salt {tee also Tin.) A similar compound is formed 
by aniline (C8H5KH,)2SnCl^ Stannic chloride is 
easily prepared by di.stilling tin in a retort in a 
current of dry chlorine and redistilling the product 
over tin filings. The chloride in the form of its 
pentahydratc (oxymuriate of tin) is much used as 
a mordant in dyeing. STANNIC Sulphide, SnS, 
(mcwaic gold) forms golden yellow leaves when 
obtained in the dry way, or a dull yellow powder con- 
taining hydrated stannic oxide when i>repared in the 
wet way. The crystalline form is not soluble in hot 
concentrated hydrochloric acid, but the amorphous 
form is : both forms dissolve in alkaline sulphides 
forming sulphostannatcs, 

SnS, X (NH,).,S »(NH4)2SnS,; 


both forms dissolve in alkalis, forming a mixture of 
stannate and sulphostannate. The crystalline form 
is obtained by subliming a mixture of tin filings, 
sulphur, and ammonium chloride, when the latter 
alone sublimes and leaves the stannic sulphide 
behind; it cannot be obtained by heating sulphur 
and tin together, for so much heat is evolved when 
the reaction is started that stannic sulphide is 
msolved into stannous sulphide and sulphur. In tho 
wet way sulphuretted hydrogen is passed into a solu- 
tion of stannic chloride. The crystalline form is used 
to imitate gold. When an alloy of tin and sodium" is 
heated with methyl iodide a colourless oil is obtained. 
Analysis and a vapour density determination show 
that it has the formula SnCCH,).. This tin tetramethy I 
yields, on treating it with iodine, tin trimeth)! 
iodide, Sn(CHg)J, which is also a liquid. When 
tin trimethyl iodide is acted on by caustic soda 
it yields a hydroxide, tin trimetliyl hydroxide, 
8u(CH),OH, which is a crystalline solid and behaves 
like a strong alkali. An optically active tin com- 

E ound has been prepared from tin trimethyl iodide 
y the following series of reactions : 

2Sn(CH2),I + ZnCCA), - SSn(CH,),(C2Hj) + Znl 
8n(CH,)J:C.IIJ + 4 = SdcCH^,<0^,).I + CH,I 

Sn(CH,)^C,H4XC,H,) ^ CH.t 
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Tlie tin methylethylpropjl iodide is an oil which 
yields a salt of a-campi^iilphonic acid on treating 
it with silver a-cam^oilintohoiiate. The tin methyl- 
ethylpropyl-a-camphorsulphonate is a Crystallme 
solid showing dextrorotation. The Issvorotatory 
salt is not obtained on oonoentrating the mother 
liqnor probably owing to the great ease with which 
it racemises. Many other organic tin compounds are 
known. 

Ttnetnve {Her,') The heraldic term for colour. 
Bee HJSAAiiDBT. 

Tine* The prong of a fork; sometimes the fork 
itself. 

Tinning (Jfsf.) Coating iron (or steel) with 
metallic un. The x^hites are cleaned and dipped into 
baths of molten tin, which forms a thin and 
uniform coating over the iron, and serves to i^rotect 
the latter from oxidation and to give it a bright 
surfhoe, 

— < — {Plumh,) Covering the parts to be joined 
with a thin coating of solder. 

Tin Plates (Met . ) Thin sheets o! soft iron or mild 
steel, which have been coated with tin by a process 
of dipping. The sheets are first cleaned by pickling 
and are then placed in a vessel or “ bath ** of 
melted tin for some time, then removed, redipped, 
and allowed to drain. The tin which solidifies along 
the lower edge is removed by the further application 
of beat, and the plates are then ready for sorting. 
This process is termed Tinnikg. See aUo Tin. 

Tin Pyrites (il/in.) Also termed Sta}?kike and I 
Bell Metal Ore. A sulphide of tin, copper, ^nd 
iron, usually with some zinc. Ciystallises in the 
cubic system. Colour variable ; grey when imre. It 
forms an ore of both tin and copper in localities where 
it occurs in suihekint abundance. Found in Cornwall 
and in the Erzgebirge. 

Tinstone {Min,) A common name for Caesi- 
TEBITK {q,V.] 

Tint {Dec,') A colour which has l>een lightened 
by the addition of white. The word, like shade 
{q,T,) and hue (/f.r.), is often very' loosely employed. 
Any number of tints can be obtained from one colour 
by adding different proxiortions of white. 

Tirasse {Mneic), The coupler. See Musical 
Xnstbumei^ts, pjp. 442, 443. 

Tire. A Ttbk {q.v,) 

T-Iron {Dt^,t etc.) Wrought iron in section the 
shape of the letter T. 

Titan Crane {Dnq.) An overhanging crane used 
in laying large blocks in the construction of break- 
waters, etc. A massive truck running on rails laid 
along the top of the completed part of the breakwater 
cariies a vertical axis or pivot. On this turns a 
large horizontal girder frame, carrying the engine 
and boiler at one end. Along this frame runs a 
travelling crane. The whole girder frame can bo 
rotated, giving, in the case of some modern Titans, 
a radius of action iip to IGO feet. 

Titanic Acid {Min.) See Akastase, Bbookite, 

4ltiA ilUTlLE. 

Titanic Steel (Met.) Steel containing a small 
amount of tbe rare metal Titanium. It is used to 
some extent for cutting tools. 

Tltanilcpous Iron Ores ( jSee Ilmenxte, 


T14luiiiim(^m.) Ti. Atomic weight 43*1. sMot 
known in pare condirioru It has been obtained con* 
taining 2 per cent, of carbon by beating an inti- 
mate mixture of caibon and titaninm dioxide lo a 
carbon crucible in tbe electric furnace (1000 amp^a 
and 60 volts), removing tfae omde metal so produced, 
and heating it again, mixed with tltanlam dioxide at 
the same temperature. Bo obtained it is a very hard 
white metal : melting point unknown, but over 1660^; 
sp. gr. 4*0 ; w*ben heated in oxygen it bums, forming 
the dioxide ; in the form of powder it bums in 
nitrogen at 800^, forming the nitride ; heated in 
steam to low redness it burns and the metal becomes 
white b.ot ; it bums in chlorine at 325^, forming the 
tetrachloride TiCl 4 ; cold dilute sulphuric a^id and 
boiling concentrated hydrochloric acid give a violet 
solution and evolve hydrogen, the former quickly', the 
latter slowly ; nitric acid slowly oxidises the metal 
to the dioxide. Titanuim occurs as tlie dioxide {eee 
Anatase, Bbookite, Butile) ; as iitanate of iron 
(eee Ilmenits); as caloium titanium silicate {see 
Sphene). Titanium belongs to the carbon group in 
the periodic system (q.v.) A few of its principal 
compounds are : Titanium dioxide, TiO^ is a w^hito 
powder ; when heated it becomes yellow then 
brown ; melts in the oxyhydrogen Dame ; insoluble 
in water and acids except hot concentrated sulphuric 
acid, with which it forms a basic sulphate. On 
fusion with alkalis it forms titanates. It is also 
known in three different crystalline forms, of which 
one, the natural rutile, is isomorphous with tin 
dioxide ; this form can be obtained by lioating the 
artiftcial dioxide to a white heat with borax. The 
dioxide c^ii be prex>ared by decomposing the tetra- 
chloride with water, neutralising with ammonia, 
evaporating to dryness and strongly heating the 
residue ; or i:>owderod mtile is fused with potassium 
carbonate iii a platinum dish and tbe |)owderod 
melt extracted with dilute hydrofluoric acid ; water is 
added and the whole is boiled and filtered hot. 
l^otassium titanoflnoride, KjjTiiyj.^O, crystallises *out 
and is purified by recrystallisaiion. A solution of 
tbe pure salt is prcci imitated with ammonia, and the 
titanic liydroxide filtered, washed, and strongly heated 
^ves the dioxide. Hydroxides corresponding to the 
silicic acids can be obtained— viz. orthotitanic acid, 
II^TiO^, by decomposing the tetrachloride with 
aqueous ammonia, and metatitanic acid, by 

boiling a hydrochloric acid solution of the preceding 
compound — they are weak aci<ls. The titanates, e.ff, 
K^TiO,, arc obtained as mentioned under the dioxide. 
Titanium tetrachloride, TiCl^, is a colourlos liquid ; 
boils at ISG*" ; fumes in air ; it is decomposed by 
water, the chlorine atoms being replaced on cautious 
addition of water one by one till a solution of ortho- 
titanic a(nd in hydrochloric acid is obtained. Like 
stannic chloride it forms double chlorides with the 
chlorides of the alkali metals. It is obtained by 
];jassing dry chlorine over a heated mixture of the 
dioxide and carbon. No normal nitrate is known. 
Asesquisnlphate, Tijj(SO^)j„ is obtained when the mital 
dissolves in sulphuric acifl— it forms a violet solution 
and Is oxidised by' nitric acid to the normal sulphate 
Ti(SOj),, Various nitrides have been obtained ; the 
compound of composition TiN is obtained in bronze 
coloured masses when tbe dioxide is heated in 
nitn>gen in the electric furnace (800 to 300 amperes 
and 70 volts) — ^it is hard enough to scratch diamond. 
A carbide is known. Titanium cyauonitride, 
Ti(CN) 55 Ti 2 N 2 , is often found in blast furnaces— its 
formation is due to the use of iron ores which contain 
titanium dioxide. 
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Tltlttp Tltl« ¥ 94 % (iPrmt., Plnd.) Usually tb« 
first |iftgo of a work, giving its name and the names 
of the author and publisher> 

TitPatioii ( Chem,) See Voltt vbtbxo AKiAX YflXB. 

T1 (Ckem.) The symbol for Thalltum 
T oad’s Eye Tin (Min.) See CAseiTfiBim 

Tobacco (Botany). The dried leaves of Nieotiana 
tabacum (order, Solanacea) is the chief source of 
tobacco, but other species of .Mcetiana are used. 
Latakia is furnished by JV: rustiea. Sec NiconKB. 

Tobine (Silk Mcmifac.) An extra warp, working 
independently of the ground warp, making stripe or 
figure, flushing or floating over 6e\eral picks. 

Tobln’t Tube (Hyciene). A ventilator consisting 
of a vertical shaft rising to a height of about G ft. 
above the floor of a room. The air enters through a 
perforated grating at the floor level, and, after passing 
np the tube, ascends a few feet before mixing with 
the air of the room, llic shaft should be detachable 
from the wall to facilitate cleansing, as it quickly 
becomes lined u ith dust and soot, S(*e VentilA-TIon 
(under SAyiTATiosr). 

Toja (Areh^oi.) The chief outer garment of the 
ancient Itomaiih ; a flowing wrap or mantle more 
voliimiuoub than the Greek himation (^,r.) It was 
usually a woollen fabric and white in colour, but 
that worn by the Magistratoa and the children of 
Iho nobility, Toffo purtexta; had a deep purple 
border; the Trahia worn by the Knights (equitee)^ 
Augurs, etc., was ornamented \sitli purple stripes. 
Toya jActa, worn b} Cousulb and other liigh officials, 
was adorned with stars. The toga was worn so as to 
lra\c the right arm of the wearer free. Tlie right to 
wear it was oxclnsivel\ the pri\ileg6 of the Itoman 
citizen. The 'Poya vinik was assumed by yemths 
(n attaining the' age of fourteen. Cf. 8tola and 
Vallium. 

Toggle Joint (Eng.^ etc.) A combination of levers 
by me.'iii£) ot wdiieh great pivssurc can be applied. 
Twro rodb arc hinged together so as to make an 
obi use aiigle w ith eac’h other; one ol these ro<U is 
iittaehod to a fixed sup]>ort or jiiv'ot, the other to the 
inochanisui to wrhich the pressure is to be aj>plie<l. 
Force is applied at the junction of the two rods in 
such a manner as to tend to straighten the combina- 
tion, i./*. to bring the two rods into line with pa<h 
other; as the rods arc brougl t gradually into line 
with cacli other, a great and increasing pressure is 
exeitecl at the ends. The eoiiibinatiou is used in 
c*ortain forms of press in w*hieh a great i>iessurc hut 
only a small amount of movement is required. 

Toilet Soaps. Soaps usually of superior quality 
made for toilet purposes from a stock or base of 
ordinary l.ard soap, and usually moulded and scented. 
The stock is frequently a cold process soap, but 
white cuid soap, cocoannt oil and rosin soaps arc 
alsc^sed. The base is cut up into small pieces and 
lemelted, iwrfumo is then introduced, and in the 
cheaper grades the cakes of soap are simply moulded 
from pieces cut from the frame. In most toilet 
hoaps, however, the process of milling is carried oiit, 
i.e. the soap is {lasscd between rollers, wheucc it 
comes ill flue ribbons, which are then perfumed and 
afterwards pressed w ith groat force through a milling 
machine, from which the soap comes in the shape of 
a long firm bar. This is cut into pieces, which are 
at once moulded. The largo variety of names given 
to toilet soaps depends principally upon the perfumes 
used or the colouring. 


Token (Primi.) Ten quires or half a ream of 
paper is a pressman’s token* 


Tplttone (methyl benaeneV 

A colourless liquid, bolls at ll(r, not miscible with 
water, smells like benzene, burns with a smoky 
flame. Induction sparks convert it into aoetyleno 
and hydrogen. Forms substitution products with 
bromine and chlorine: (ft) when the halogen 
acts jon boiling toluene m sunlight substitution 
occurs in the side chain and with chlorine; for 
example, benzyl chloride CeH^CH-Cl, benzal chloride 
(yi^CJiCl^ and benzotriehloriue C^H^OCli, are 
formed according to the amount of clilorine passed 
in ; (h) when the halogens act in the absence 
of sunlight substitution occurs in the nueVeus, 
ortho- and para-balogon substitution products being 


formed, e.g. 



; (c) in presence 


Cl 


of a halogen carrier bromine enters the nucleus 
entirely, but chlorine enters parti}' into the nucleus 
and parUy into the side chain wdicn the tohiene is 
boiling and exx» 08 od to sunlight. On nitration with 
a mixtuie of nitric and sulphuiic acidb (10 parts 
toluene and 10'.> and 17*5 parts ordinary concentrated 
nitric and sulphuric acids) below 20° a mixture of 
nitrotoluenes is obtained ( 0 — 63 per cent., ♦a— 2 per 
cent., p — 35 per cent.) After separating, washing, 
and drying, it is distilled under reduced pressure till 
10 pet cent, has jiassed over — the distillate is 
the pure orthl-compound, and the para-compound 
crysAllises out from the residue, and can be purified 
by pressing and crystallisation. With sulphuric acid 
it fields a mixture of ortho- and purn-sulphonic 
aci^. In carbon disulphide solution toluene unites 
with chromyl dichl<mdc (also in carbon disulphido 
.soluti*m) to form an addition product which is 
decomposed by water, forming lenzaldehyde (Etard’s 
i-cactioii). Toluene is oxidised to benzoic aci<l by 
boiling wdth dilute nitric or chromic acids. It is 
reduced by heating with fuming bydriudic acid to 
liexahydrotoluene. Toluene is formed as a product 
of tbo dry distillation of many diflforont substances, 
e.g. balsam of tolu (whence the name toluene), 
dragon's blood, wood, and coal. It is obtained on 
the large scale by the fractional distillation of coal 
l.ir (see Gas Manufacture). In the laboratory 
it can be preiwretl by Fittig’s reaction (^.v.), and by 
Friedel and Craft's reaction Oy.r.) 

Toluene, Toluol. See Coal Tab Distillation. 

Toluidines (duvi.) C'^ll^ There are three 

of these, namely — 

CJI, 

Orthotoluidinc, A colourl«8liqnid.boil8 


Metatolnidine, 



A colouilcss liquid, boils 
at 190°. 


Paratoluidiue 





Shining white plates, melts 
at 40°, boils at 198^ 
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They are all obtained by reduction of the corre- 
Fponding nitrotolucncs. (For tlie ortho- and para- 
nitrotoluenes, see Tolumxe.) Metanitrotolueui^ is 
obtained by converting paratolnidine into para- 
acettoluidine by the action of acetyl chloride, 
nitrating the toluidide, hydrolysing, and then 
diazotising : 


CH, cii, cir, 

cn^ci UNO, 


IlCl 


Nil, NIICOCII, 

OH3 CH, 

O diiizu^'^ction [ I 

NO, 


NO.^ 
NHCOCII, 


Nil, 


When the crude mixture of ortho-, meta-, and jiara- • 
nitrtjtoluenos ToLU EXE) is reduced directly, t lie ‘ 
mixture of tlio threti toluidiues is Icchnioally known j 
as “'aniline for rod” (see rAKAUosAXiLiNE'). For j 
some purposes llio same mixture of the three is ! 
separated by partial ncutridisation with oxalic or ; 
sulphuric acid and crystallisation, the orlbotoluidine 1 
salts being the more soluble. The ortho- and para- | 
toliiidincs are \ery iiup<^rt.aiit on account of their j 
application in making dyes (see rAiiAli0SANlL.[NE \ 
and Kowaxilixb). Orthotoluidine is somewhat 
volatile in steam ; its solution in sulphuric acid is 
coloured blue by chromic acid ; bleaching powder 
solulion and hydrochloric arid give a vhdet co%ur ; 
it is a weaker base than paratoluidinc ; it easily ! 
forms an acetyl dcrivati\e, which on oxidation with ’ 
potassium permanganate gives orthoaeotyLamino- . 
benzoic acid; on nitration or sulplionation th«^ ; 
substituent takes the ortho position to the acetyl- [ 
amino group. J'aratoluidinc docs not give the • 
chromic acid and bleaching jxjwdcr reactions ; it 
readily forms an acetyl denvati^c, which is oxidised | 
and siibstiliited like the orthu-compound. When ; 
nitration of either compound is cnected in presence 1 
of sulphuric acid, the nitro group enters into positions i 
adjacent or para- to the methyl group, thus — I 


a 


cn, CII, 

NIICOCH, I^^NIICOCU, 
gives I J 

NOo 

CH 3 

NO„f^^NIICOCIT, 

0 


and 


OH, 


CTI, 


0 O"’ 


NIICOCIL 


NHCOCHa 


The toluidincs undergo th© diazo-reactions 
like aniline. 

Toluylene Red See Neutsal Red. 


Tolyl (Chem,') A name given to the residue re- 
maining after taking away one hydrogen atom from 
the benzene nucleus of tolnone. Kg, 


CII3 

C 



Orthotiilj 1- 


c 



CH 


Metatulxl- 


CH, 



C- 

Puratolyl-. 


These groups only exist in combination. 


Tommy {^ng.') A small lever for inserting in a 
hole in the hciul of a screw, etc., to servo as a handle 
by which the screw may bo turned, 

(Print.) A small ]jointod steel rod u.?ed 

for roguhiting bolt beaded sot screws in :i printing 
maebine. 

Tommy Hole (Kng.) The liolc in wlib-h a tommy 
(q.v.) i.s inserted. 

Ton. Sec WEitaiTs axd Measures. 


Tonal Fugue (^[usir^. A fugue that ba.s the 
answer not in strict imitation, but modified in ordtT 
to av<ad a departure from the key tonality. 6/. Real 
Fugue. 


Subject. 






Example of Ioxal Fugue. 

K,caw2>lc 1 . 

IlAXM-L. 

(h) (r) {(i) (f) (r.) If) 






Tonic. 


AuAWvr. 



(h) (r) (rf) (0 (0) if) 




Dominant. 


Riicfly stated it may be said that this modification 
is accomplished by having: 

(1) The Tonic and Dominant when appearing 
prominently in the Subject answered respectively by 
Dominant and Tonic. See Example 1 (a) (b). 

(2) The ^Icdiant, Bubdominant, and Submediant 
of tlie Tonic key answered by the corresponding 
notes of the Dominant key. See Example 1 (c) (d). 

(3) That part of the subject which l^longs to the 
Tonic key answered by the corre.sponding part the 
Dominant key and vice versa. See Examples 1 and 2. 

(4) I'rominent intervals of a dissonant character, as 
e.g. the Diminished Beventh, etc., should be reproduced 
in the answer. See Example 1 (f?), Example 2 (c), 

6. The Supertouic of the Tonic key, sometimes 
answered by the Supertonic of the Dominant key, 
sometimes by the Dominant itself. Its clntyin the Sub- 
ject, i,e. whether it is the second of the Tonic key or 
the fifth of a Dominant key, must bo carefully ob- 
served and accordingly answered. Example 1 (/) 
shows the second of the tonic answered by the second 
of Dominant, wliilst Example shows both. 
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cases of the supertonic, and also further illustrations 
of the above rules : 


Emnij^le 2 .' 

Subject. CHsauBiNi. 



AnsT\'er 



It maj’ be noticed tliat Cherubini in the second bar 
of Example 2 answers the Dominani by the Tonic, 
but treats the notes between C and A as auxiliary 
notes as if the passage were simply 



answered by 



hence the Subdoiiiinaut (T>) is not answered by the 
fourth of the Ttoiuinant but by E, and the figure 
at the beginning of the bar left unaltered. Many 
except ions to these rules may be found in the works 
of the great composers, but it will be observed tliat 
the exceptions arc. fully justilied by the preservation 
of the character of the fugue. See also Fugue, 
Tonic isol-fa, j?, 778 b. 

Tonality (Pal/U.) The system of tones or colour 
scheme of a picture. CJ\ CkiAEOSCUBO. 

Tone (^(^numaties and Paintimj'). (1) The 
brig] ituess or luminosity of a colour. (2) A quality 
of colour : a tint or sliadc. (3) The effect produced 
in a picture by the management of light and shade. 
See Chiaboscubo. 

(^Mvsiv'). (1) The interval between two sounds 

bearing the vibration ratio 8:1) as C.D., or 1) : 10 as 
D.Ej, the former being called a major tone, the 
lattft a minor tone. A tone represents the larger 
steps of the scale, the smaller steps being called 
semitones (half-tones). See hJcALE. (2) The quality 
of a sound, its timbre ; henoe there is full, thin, 
reedy, wood}^ nasal tone, etc, (3) The Gregorian 
modes, as the 6th tone, etc. 

(^Phato.) The colour of a finished photograph. 

In some processes this is due to chemical action 
supplementary to producing and fixing the picture, 
e.ff. the reddish hue of ordinary silver prints is altered 
to a more agreeable tone by means of a solution of 
which the principal ageit is chloride of gold. 


Tc&e (Sound). A single sound of definite ' 
An ordinary musical Note is composed one 
principal tone, the Fijndamental Tons, accom<« 
panied by others, the overtones (q.u.) 

Tones, Combination (Sound), See Combination 
Tones. 

Tonga (Botany). A medicinal preparation made 
from Epijyremnum mirahile (Aroidae) and Prenina 
Taitensis ( Verbenaceee). Used as a specific for 
neuralgia. 

Tongs. A form of tool used in a great variety’' of 
trades for holding objects which cannot be held in 
the hand. Tongs generally consist of two levers 
of the first kind hinged together at a point close to 
the jaws, e.g. blacksmith's tongs, crucible tongs, etc., 
or two levers of the third kind, connected by a spring 
or a hinge at the end opposite to the jaws. 

Tongue (Carp, and Join.) (1) A projection to fit 
a groove. (2) A thin slip of wood, straight or cross 
gr.aine<l, which fits into grooves ploughed in the 
edges of two boards which it is required to join 
together edge to edge. 

Tongueing (Carp.^ etc.) Joining boards by means 
of a Tongue {q.v.) 

Tongue Joint (Carp.) A joint made by mears of 
a Tongue (q.v.) 

(Buy.) A welded joint in which one piece 

has a V-shapcrl slit, the other being bevelled off so 
as to fit into the first. 

Tonic (MtisU'). The technical name of the 1st 
degree of the scale ; the keynote. 

T(giic Major (Mmic). The major scale having 
the ^rue Tonic as the minor, but a different signature, 
as C minor, C major. See Key Sionatube. 

Tonic Minor (Mmic). The minor scale having the 
same Tonic as the major, but a different signature, 
ius f» major, (J, minor, (f. Uelativb Minob. 

Tonic Sol-fa (Music). A system of musical nota- 
tion, founded on a method of teaching singing by a 
Norwich lady, Miss Elizabeth Glover, and advanced 
by the late Mr. John Ciirwen. This sy.stem first 
attracted public notice in the middle of the nine- 
teenth century, and, in order to give permanence to 
the sy.stem, the Tonic Sol-fa College was founded in 
1869, and was incori)orated in 1875. The tonic sol-fa 
system is adopted in a great number of elementary 
schools, and amongst its chief principles may be 
mentioned tlm ‘’Movable Do’' or keynote relation- 
ship^ — hence th.e word tonic, the presenting of music 
by letters instead of notes, with its accomiumying 
incthtKl of indicating time duration and the teaching 
by mental effect and not by absolute pitch. The 
scales are presented in separate columns on a chart 
called a mc^ulator, the scale of 0 being in the centre 
column, and the scales with flats on the left and those 
with shar]>s on the right. The tonic sol-fa method 
lays great emphasis on teaching from mental effect 
and of fixing the scale tones by chordal teaching, i.e. 
by firmly implanting the key tone and then building 
up in succession the notes d, m, s ; s, t, r ; and, lastly, 
f, 1, d to complete the scale, and it is in this that the 
modulator is of great use. It has indeed been said 
that the modulator is the backbone of the system. 
In the centre column the major scale is shown in 
capital syllables Doll, Ray, Me, Fah, Sob, Lah, Te, 
Doh'. The melodio minor mode (scale) consists of 
the syllables Lah„ Te,, Doh, Ray, Me, Ba (pronounced 
Bay), Se, Lah. It will be noticed that chromatic 
fiats aie expressed by altering the vowel sound into a, 
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e,ff, ra, ta (pronoonced raw, taw), etc,, and chromatic 
HharpB have the vowel sound c^nged into c, de, 
fe (pronounced dee, fee), etc. Exceptions to thia 
manner of namina occur in the following cases : I>oh 
is du^ fa flat is fa, me sharp is and te sharp 
is ty. The pulse (beat) always occupies the same 
amount of space in a Composition, not as is found in 
the staff notation, s.y. 


01 


in tonic sol-fa notation would be : 

Key C. 

Ijd 1 :r jn :f |8.1;gJ^jpi :d Id' 

It will be seen from this examplo that a line, in- 
dicates a prolonged sound, whilst a rest is iud lent eel 
by a blank space. The longer upright line show s the 
strong pulse, the shorter upright line the medium 
pulse (middle of the measure), whilst the other pulses 
are shown by a colon. A single dot shows a pulso 
divided into halves, a comma into quarters, and a comma 
turned to the right into thirds. Dob (d) always 
fetands for the keynote; it is therefore necessary io 
«tate the pitch of Jloh at the beginning, e./f. key C, 
key F, etc. In the minor mode the key is expressed 
thus : Key E[>, A is Cf signifying the key of C minor. 
When a modulation or transition of one or more 
removes occurs, the new key is shown, and attention 
^lled to the new tones on the right if to a sharp key, 

i,e. to the rii^ht on the modulator, thus : Key 0 

A. t, m. Tiiia is called a transition of two leinoves 
(to a sharp key). If the transition is to a flat^key, 
ue, to the left on the modulator, the new tones are 

placed on the left, thus : Key A d. f. O. ; or 

Key B *, d, f, D, X is X. These are respec- 

tively called a transition of two, and of three removes 
to a flat key. The pitch of sounds is taken from 
middle C (^.r.) to the B above according to the key ; 
and from this note to the leading note, t. above the 
letters are unmarked. The octave or reijlicate above 
is written thus: d', r', m', etc., and the next octave 
d* r*, m*, etc. The octave or replicate below the 
unmarke<7 octave is written d,, I'j, m^, etc., and the 
octave below this d„ to^, etc. The following 
example will show this manner of writing : 


r: r- II 

^ 

Key C. 

■d’ 

^d' r' t d 8 

-fli #ji 

n 8 8i d 


: r.__z_n 

- U 


KbtB. ^ 

d r ti d B| rii 8i 8, di 

In order to avoid unnecessary octave marks, it is 
customary to write tenor and bass parts an octave 
higkjer than they are — hence if d in the soprano 
represented 




in the tenor and bass the same d would represent 


The following example shows the ** exposition ” of 
Bach's Fugue in O minor in soore and in tonic sol-fa 
notation : 

Fogus Ko. IS.— »* Bas Wohtsttiperirt* Ktarier." 

J. S. Bach. 

Key Lah U G, M, 80. 

: I : 


Jii :fi .1, tse, ‘ 


:1, 




1 

• 

• 


S.l ; 


1 


kt. 

(] ' 


1 

.1, 

.1, ' 

•ts ,d,:ri 

•di ts |d| 


s'jti 1 

: 


1 


m 

0 

1 

: 


1 


« 

• 

> 

861 :li 


1 

.t, 4 :t 

^►d ytl 

.n .Ti :di 

Ji A It 

•r, 


3 *861 

• 

a 


1 

1 


• 

t 

• 

• 

. 

r d jr ^ ;f 

jy ,r In 

.f 

,s si 

.8 ,f 1 

1 1| 

•t| 

Id 


:d 

•r 1 

1 * 

• 


1 

1 


6 

• 

I 

1 • 




• 1 

' • 

f.By. 

f :d 


1 

It, 

•n 

• 

iT ;d 

.T ,n > 

1 ■'ti .li,8ei:lt 

.rei 

In, 

•t 


.1| ,861 


.1, 

1 

1^ 


e 

m 

:1 


mm • 

< f jr :ti 

•86 

11 


F.t. 

1 li :b6i 

.t, 

In 


• 
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1 

^ .tj ^di : ii 

•di ft2 

1 
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•2l 
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.1 

• S 

i j, t 
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,861 

1, 



TDK 


770 


Ton 


The Tonic Bul*{a College Is situated in Finsburj 
iSquaaie, London, and^sonsints of a president (Hr. John 
Hpenoer Curwen, two treasurers, secre* 

tary, and a council composed of six handworkers, 
nine clerks and other a^stants in businesses, six 
masters engaged in commercial pursuits, six school 
teachers, nine professional musicians, six fellows of 
the College, three ministers, three engaged in literary, 
scieutific, or artistic pursuits, and six honorary mem- 
bers. Its objects are to issue certificates, grant 
prises, correct exercises, deliver lectures and lessons, 
and for the educational improvement of the teaching 
of the method. • W. W. 

Toning (Phtrta.) Altenng the colour of a print by 
the partial substitution of gold, platinum or some 
other metal for the silver of the image, or by forming 
a compound with it' which imparts a more pleasing 
colour to the photograph. 

Tonne. See Weights and Measures. 

Tonqnin Bean {lietany). The fragrant seeds of 
Piptcryac odortvta ^jeguminoeet) arc used cither 

in the form of ii powder or as an extract in perfumery. 

Tool. A general name applied in trades and arts 
tD an implement u.sed in or by hand, as opposed to a 
machine; also to the actual cutting or operating 
X>ortion used In conjunction with certain machines, 
c.g. the actual cutting implement or “ tool ” used in 
a slide rest lathe or planing machine. 

{Dec,) A small brush used by painters and 

decorators, especially one for painting window sashes. 

Tool Box {Carp,y Dng,^eU\) (1) A box for storing 
toeds. (2) The part of a machine tool by which the 
cutting tool is actually held. 

Tooled (JHndJ) The term applied to the cover of 
a book that has been ornamented by means of heated 
tools, etc. Si e Blind Tooling and Tooling. 

^ {Build,) I’he terra applied to stonework in 

which the tool marks on the surface arc ijarallcl, and 
extend across the whole wridtli of the stone. The 
external surface of masonry is often finished in this 
manner. 

Tool Holder. A Cutter Bab {q,v,) 

Tooling {Arts), Hkilled work accomplished by 
means of a tool, especially cai'ving. 

{Bind,) The ornament effected on the cover 

of a book by means of heated tools, etc., either in 
“blind” lines {see Blind Tooling) or in gold. See 
also Bookbinding. 

Tool Poet (AV/;.) A simple form of tool holder 
or tool box used in small lathes ; it consists of a 
projection from the upper part of the slide rest {q,v,) 
having a slot in which the shank of the tool is 
X)laoea, and a set screw which holds the tool firmly 
in place. 

JTool Smith {Eng,') A workman who forges and 
tempos the metal cutting tools used in an engineor- 
ing'shop. 

Toothed Core Bieke {Elect, Eng,) Disks of soft 
sheet iron, in the circumference of which are notches 
which form a series of parallel grooves in armature, 
etc., vs’hen built up. In these grooves the conductors 
forming the windings are placed. 

Toothed Wheelg. See Oeab Wheels, etc. 

Toothing {Build.) The projecting bricks left at 
tlKj end of a wall, in order to form a bond for a 
second wall which is to bo built on to the former. 


TMhihg<6bnLa^/a»».) . Bonghing thOAarlk^ 
of wid^e pieces of wood that are io be glued tggoMmr,; 
to enable the surface to hold the glue and ptoduce a:; 
strong joint. 


Tooth Omament The chamctefrlstid 

ornament of the Barly English style, 
generally used in hollow mouldings. 

It is also known as the DoG Tooth 
omament. 

Top {Woollen Manufao,) See 
Combing. 



Top and Bottom Toole {Eng.) 

Bwages {q*v.) used in shaping forgings Toots 
which cannot be ooneetly finish^ by 08 sams»t* 
the hammer alone. 


Topaz {Min.) A fluo- silicate of aluminium, 
[Al(O-Fjj)] AlSiO^, orthorhombic ; in attached or 
embedded crystals of yellow, grey, or blue tints, 
sometimes colourless. Hardness «« 8. Host of the 
pink topaz is produced by the slow heating of the 
yellow varieties. Good specimens are much used in 
jewellery. From several localities in Cornwall. 
Beautiful blue ciystals from Banffshire and Aber- 
deenshire, tlie Moiirno Mountains, Biberia, Ceylon, 
Brazil, ct:. See also Precious Stones. 

Topazolite {Min.) A transparent greenish garnet. 
See l^REcious Stones. 


Top Card {Eng,) An indicator diagram 
taken from tlie upper end of a cylinder, or from the 
end nearest to the crank. 

Top Face {Moulding), The surface of a casting 
whicU^is upi^ermost in the mould. 

Top Iron etc.) The upper or non-cutting 

portion of the double plane iron, used in the larger 
planes, such as the trying jack and smoothing ifianes. 
It serves to stiffen the cutting iron and to deflect and 
break the shaving as it is pr^uced by the former. 

Topler Pump. See Air Pumps. 

Top Part {Foundry). The upper part of a naould- 
ing box or of a mould. 

Topping* Taking off the points of those tjieth of a 
saw which project too far. 

Top Rail {CarjK and Join.) The highest rail in 
any kind of frammg. 

Top Rake. The slope of the upper surface of 
a tool immediately behind the cutting edge. 

Toque {Cost.) A silk or velvet cap without a brim 
or with a very narrow brim, generally adorned with 
a plume. Worn extensively in the sixteenth and 
seventeenth centuries by both men and women, and 
at a later period in France. A conical headdress, 
richly ornamented, worn by the Doge of Venice. 

Torbanite {Min.) A hydro-carbon mineral found 
at Torbano Hill, in Scotland, used in gas raking on 
account of the lai'ge volume of gas it yields. Of 
historic interest as having given nse to a famous 
lawsuit to determine if it were “ coal ” or not. 

Torberuite {3fin,) A hydrou.« uranium and copper 
phosphate, CuO . 21JO, . . 8H«0, ,jtetragonal ; in 

tubular crystals of grass green colour. The crystals 
easily cleave into thin laminae, hence the mineral is 
sometimes called Uranmica ; from its composition it 
is also known as Copper Uranite. It contains about 
fiO per cent, of uxatixc oxide, and about 15 per cent, 
of phosphoric acid, From Devon and Cornwall; 
Saxony, Bohemia. 
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Torching iSniM.) riasterhig the underside of 
tiles on a roof, when fixed on battens. 

Tomftdoes {met^eroL) Low pressure areas of 
intense enerj^ but of limited extent. They are 
assoctated with very strong* winds, and ca^mble of 
. d6iQ§ an immense amount of damage. 

Torqno (^ArolixsoL') A convolute metal ornament 
forming a collar or a bracelet. Such an ornament 
was. Worn by the Gauls round the neck and by the 
Anglo-Saxons on the arms. 

. (Phi/g.f Eiig., etc,) See TUHNixa MoMiairT. 

Torricellian Yacuum The vacuum above 

the mercury in a mercurial barometer. 

Torridonian Rocks (^Qeol,) See ruK-CAMoiiiAN 

Rocks. 

Tbrrid 2one See Tropics. 

Torsion. Twisting, or the effect of twisting; the 
term is applied especially in physics and engiuecriiig 
to the t^^isting of a piece of a material by a couple. 
See Torsion, Elasticity of. 

Torsional Pendulum {Phys,) If a heavy mass, 
suspended from an ehustic fibre, be twist o<i through 
a small angle, and then set free, it will perform a 
series of simple harmonic oscillations aixnit its 
position of rest. If K be the moment of inertia 
(^.r.) of the solid about an axis coinciding with 
the direction of the suspending fibre, and C be the 
restoring couple brought into ijlay by the fibre when 
the mass is turned through a unit angle; thcnT, the 
time of vibration, is given by the formula 

/IT 
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Torsional Stress. A twisting stress, or stress 
produced by the application of a couple (^.r.) 

Torsion Balance (P/iys,) An instrument for the 
investigation of the laws of electric and magnetic 
forces. The charged bodies (or poles) are at the ends 
of a horizontal rod, suspended by a fibre of silk, a fine 
wire, etc. An electric (or magnetic) force apifiied to 
the end^turns the rod tlirough an angle, and the 
magnitude of tho force is proj)ortioiial to the angle 
through which tlic top of the fibre must be turned in 
order to bring the rod back to the original position. 
In order to measure this angle, the top of the sus- 
pending fibre is attached to a graduatetl head, which 
can be turned through any required angh;. An 
instrument on a similar jjrinciple was used by 
Cavendish (1797-8), in his experiments on the dcn.sity 
of the earth ; two leaden balls, 2 in. in diameter, were 
fixed at the ends of a rod 6 ft. long, suspended by a 
copper wire about 40 in. long ; the attracting inas.ses 
were two leaden spheres 12 in. in diameter, which 
could be placed nearer to, or farther from, the small 
spheres, thereby setting up a displacement due to the 
attraction between the large and small massc.s. The 
amount of this attraction vras deduced from the time 
of vibration of tbe suspended system. This experi- 
ment lias been repeated with a greatly improved form 
of apparatus by Boys (1895), the attracted masses 
being suspended by a fine quartz fibre. 

TorBion, Elasticity of (Phys., Kny., etc.) If one 
end of a thin tube 1x3 rigidly fixed and the other end 
be twisted by a o>ouple {qjeT) then the stress produced 
in the tube is of the nature of a Bhear (^.v.) In the 
figure, the lower end of the tube is supposed to be 
fixed, and' the upper end twisted until the lino 


Torsion 




originally at o a is turned into the position o A\ or 
through an angle which is termed the ANGLE of 
Torsion, Then the line B A is 
twisted into the position B aU or 
through an angle 0. The shear is 
then equal to this angle. If the 
actual amount of tangential force 
applied per unit area to the upper 
end of tlie tube be q, then we have 
Coefilcient of Elasticity of 
0 
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This Coefficient is also termed the 
Simple Rigidity. See also Shear. 

In the case of a solid round bar 
(such as a shaft) the calculation 
of tbe coefficient depends ui)on 
diriding up the bar into imaginary 
concentric tubes, each of infini- 
tesimal tliickncss,ancl then effecting 
a summation of the results by the 
Integral Calculus, lliis is one of the most important 
cases in practice : if Z be tho length of the shaft, 
r the ratlins, $ the angle of torsion, and T the 
applied couple by which the shaft is twisted, then 
we get the result 
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That is, the Angle of Torsion is j'roportional to the 
couple which is applied, and inversely proi>ortional 
to the fourth power of the radius of tho shaft. 
Hence a small ii.cjrease in diameter means a very large 
increase in the power of the shaft to resist torsion ; 
if wo double the diameter, we increase the resistance 
which the shaft (jffers to torsion to an amount which 
is sixteen times its former value. 

The Simide Rigidity of some common materials is 
approximately : 


Steel . . 8-3 

Wrought Iron 7*7 
Brass . . 

(iuartz Fibre.. 2-9 


10“ dynes per sq. cm. 
30“ 

* If It 

10 “ 

»i It 

10 “ 


Torus {Arcliiteet.) A large convex moulding 

principally used in 

classical architecture, ■■ ■ ■ ' 

ToBBing i^Met.) Oxi- j J 

dation of the im- i /- - 

purities present in tin Touus 

by lifting the lliiid 

metal in ladles and pouring it back into the con- 
taining vessel ; by this means the metal is exposed 
to tho action of tlie air. 


ToBto {Music). Rather. It is the equivalent of 
Quasi {q.v.) 

Total Characteristic Curve {Elect, Eng.) See 

Dynamo. 

Total Eclipse {Adron.) See Eclipse, SoCar. 

Total Heat of Steam* The amount of heat 
necessary to raise unit mass of water from the 
freezing point to the temperature at which it is 
evaporated, and then to turn it all into steam at 
constant pres.Hure. Using the pound as unit of mass 
and degree Falirenheit as unit of temperature, the 
total heat of steam at f’F. is given by tbe formula 
H « 1091-7 -h -306 {t^ - 32®) 

Using the gram and Oeniigzade degrees, tlifis becomes 
H » 606*5 -f *305^ 
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Thefie are Kcgnuqli’ts yalucRj but modern research 
suggests that the value 

H « 59G + '399^ 
is probably more correct. 

Total Internal Reflection {Light), If a ray 
travelling iii one medium strike tho surface separating 
that medium from one less dense, it will not emerge 
from tbe denser medium if tho angle of incidence 
exceed a certain value. If (bo angle of incidence, 
bo such that sin i « /u, the index of refraction from 
tbe first medium to the second, tlien t is termed tbe 
C’lUTic-AL AN(;le (q.r,)^ The ray in this case i)a8ses 
along the surface of separation of the media. If 
the angle of incidence exceed i, tbe ray is entirely 
rcfii^cted at tbe surface of seiMiratiuii, the angles 
in this case following the laws of reflection. This 
phenomenon is termed Total iKTEliH^AL Keplec- 

XION. 

Total Reflection, Totai. Ikteknal Reflec- 
tion and Ckitical Ancle. 

Touch {Plumh.) Tallow used in plumbing. 

Touch Box {Plumh.) A box uf-ed by plumbers to 
keep tallow in. 

Touch Hole {LJng,) A nnmc sometimes applied 
to tho opc‘jnng in tho cylinder of a gas engine 
through which ignition is ^ eliocted. St*e tlAS 
KNOINL'K. 

Tough Pitch. Coppek and Tolinu. 

Toupbillon ( ir</fc7n’^). A rotary carriage contain- 
ing the escapement. It turn.s continuously round 
inside the uatcli in s<»mo short inter\al of time, so 
that the watch recoids the uitan rate of the dilTereiit 
icrtical i»()hitious, thus jiraotically removing a 
troublesome source <;f error, Pf. KARHuaLi.. 

Touvmaline {JUn.) A silicate of boi on. aluminium, 
and tmugnohium, iron, lithium, potash); comj>ositiou 
\cry c<'m]»lox. Rboiubohedjal, lAith the i)risnjs 
general ly triangular, (.''olour very variable, from 
black (Schorl), dark blue, gieen, jnnk, to colourless. 
The >arictics rubdlito, indicolite, Jlraziliau •-apphiie, 
llraziliun emerald, and })erUlot of (’cjloii are men- 
tioned under ITiECious Stones. Finer Aaricti^ aic 
used in jewellery, and arc found in C'<*yloii, Sififcria, 
brazil, and Ava. Common varieties are veiy widely 
distributed. 


Traboated (At^hiUd,) (1) A st^de^f archfteotti^e 
in which columns and lintels are the 
structural features. (2) Furnished with an emaDla- 
ture. 

Tracery (Arohitect.) The ornamental pierced 
stonework in the head of a Gothio windour.^ The 
same name is also 
given to similar work 
executed in stono or 
wood in canopies, etc. 
tSec IlAB Teaceuy, 
plate Tbaceey, 
and Flamboyant 
Traceby. 

Trachyte {Geal.') 

Eruptive rtK'ks of sub- 
acid com])osition (GO 
to G5 per cent, of 
silica) wbioh liave 
eonsolid.Tted under 
smaller pressun* than 
the cori-esponding 
)>lutonic rock of 
similar chemical com- 
pos it ion (syenite), 
and tlicjefore are not 
entirely cryslalhne 
tlirt»ughout. Thechief 
minerals occurring 
in Trachytes are 
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Orthoclasc, and eertaiu other Felspais llorn- 

Vdende, , *111(1 Hometimes Augite, Mica, Magnetite, etfj. 
Quaitz so ‘ctiines occurs ; the rock is then termed a 
QUAIl?Z TBACUYTE. 

Tracing. A copy of a drawing made on tran**- 
1 j>areiit paper or tracinir cloth tj/.c.;, Avhieh is laid 
I t»ver the original, the lines luring then drawn exactly 
I over those of the original drawing. 

I Tracing Cloth. Smooth tiausp.'U’ont linen on 
I which a tracing {g.r,) is made, it is sized on one 
I side. 

’ Tracing Machine {Johwnj, etr.) A machine for 
culling or carving ornamentation on woodwork. A 
cutter is carried on the end «jf a swinging arm wliieli 
is guided by some form of temj)late ; this cutter 
roughs out the carving very rapidly and with very 
little attention. 


Tourmaline Forceps {Phgs,) A dc\ ice for holding 
a crystal, etc., lictwccn two jflates of Tounnaliuo ’ 
(#y.r.) which servo as a polaiiser and analyser 
rcsiHictively in simple observations on polarisation. 
rOLAUISATlON. 

Tourney Helm (Ar?/?.) A form of helmet worn 
in the tourneys of tlie fifteeiitli and sixteenth 
centuries. The face oixuiiug was large and was 
protcciMd by light iron bars fixed transversely and 
having spaces between. C/. Tilting Helmet. 

Tow (Lif^n Maunfae,) In tho process of dressing 
flax it is combed or hackled. This dr.'iws out all the 
short, twisted, and broken fibres, which are called 
Tow and ore curded and spun for ccaise yarns and 
ropes. JSee I^inen Manufacture. 

Town Refhfle. See Waste I^boducts and Sani- 
tation. 

T-pieoe (-Kwy., etc,") An object (r.y. a branching 
pipe) of the form of the letter T- 


Tracing Paper. Ordinary unsized paper coated 
on one side w'ith a varnish of ( 'anada £.* 118011 ) and 
turps, or treated with wax ; u-^od for making a 
tracing (</.r.). 

Track Circuit Signalling (Cieil Eng,) See 
Hailwayb. 

Tracker (JfiMie). A thin flat or round strip of 
wroc»d Used in the niecliariism of the organ, for palling 
the pull-down wire or for conveying leverage from 
one imrt to another. <SV<» l>Rd*VN, y>. 439. Tho 
tracker differs from the sticker in having to pull 
whilst the slicker always pushes. For this reason 
each end of the tracker is provided with a screw 
which when being passed thiough the backfall or 
roller arm or other lever is held in position by a 
leather button. 

Traction {EngJ) 'Ihe dr.awing or pulling of 
vebioles along a road or track. See aUe Klectiuo 
Tbaotion and Railways. 
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TpaetiiMB Enfins A form of Icoomotive 

adapted for use on common roads. The most usual 
form has a boiler of the locomotive type {itee Boilubs) 
on top of which is mounted a horizontal engine with 
one or two cylinders. The engine is carried on four 
wheels, the two front ones being small and mounted 
on a bogie under the smoke box, so that by turning 
the bogie by means of suitable gear the engine can 
be steered. The hind wheels are large, and. the 
motion of the engine is transmitted to one of them 
by means of toothed wheels. These wheels can be 
thrown out of gear, so that the engine can be used 
as a stationary engine when required, tho power 
being taken from the crank shaft of the engine, 
which is provided with a driving pulley. A heavy 
flywheel and a governor are also fitted, completing 
the equipment necessary for a stationary engine, as 
distinguished from a locomotive. 

Traeihre Foree (A%.) The force necessary to 
draw a vehicle on a level surface, Le, to overcome 
frictional resistance. 

Trade Wastes. See Waste Products. 

Trade Winds (Meteorol.) Prevailing winds 
occurring in tropical regions, due to the rush of cold 
air from cooler zones lying to the north and south. 

If tho earth were at rest, these winds would blow 
nearly due N. and S., but in consequence of the 
earth’s rotation they are displaced and appear to 
come from the N.E. and S.E. 

Trajaeanth, Gum Dragon, or Gum Tragacanth 

(Botany'), A natural exudation of gum from the bark 
of the 'stem of several spiny shrubs of tbe^geuus 
AHrayaVm (Leguminom), Native to Asia Minor 
and the surrounding distrh'ts. Used in pharmacy, 
in the textile trades, and as a mucilage in marbling 
the end papers and edges of books. See clUMS. 

Trailing Axle, Springs, Wheels, etc. (AVe^.) The i 
hinder axle, wheels, etc., of a locomotive, Le. the 1 
wheel, etc., situate behind the driving wheels. 

Trailing of a Dyke ( Geol.) See Heaves. 

Trails {Aeiron,) If a ciamera be pointed to the 
sky on a dark and clear night, the images of the | 
stars on the photographic plate will not be points j 
but arcs, called Star Trails. Shooting stais also 
leave trails in the sky for a few seconds. 

Train {Cloche and Watehe*), A system of toothed 
wheels and pinions. In ordinary clocks and watches 
the slowest, or first wheel of the train counting from 
the motive power, is called the Main or Great 
Wheel ; the second wheel of the going train usually 
carries the minute band and is called the Centre 
Wheel. (In those required to go longer than the 
uBuall^iods, one or more wheels aiuT pinions arc 
interposed between the great wheel and centre 
pinion ; these arc called Intermediate Wheels and 
Pinions.) The centre wheel drives the third pinion 
to which the third wheel is fixed ; this latter drives 
the fourth pinion which carries the aeconda hand 
and turns once per minute. In clocks, the fourth 
pinion generally carries the escape wheel, but in 
watches, with their more rapid vibrations, the fourth 
wheel drives the escape pinion to which the escape 
wheel is fixed. 

— (Bng,) Aset of raovlqg parts conneoted 
together; a set of toothed whbels gearing together. 


Traill of a Oomei (Aetran,) See Tail or a. 
Comet. 

Train OIL A term commonly applied to the oil 
obtained from tlm blubber of the Bight Whale 
(BaUpna)t and from certain otlrer species. It is 
used for lubrication, but is greatly inferior to sperm 
oil. 

Traill (Mining), A box-like four wheeled vehicle 
running on tram lines ; used for transporting coaT 
below the surface of a coal mine, or for conveying it 
from the pit mouth to the place of shipment. AUo' 
termed CoRP, Skip, ani TuA. 

(Silk Manu/ae.) Silk doubled and lightly 

spun, used for weft purposes. C/, Obganzine 

or Tram Car (Civil Eng,) A vehicle pro- 
vided with flanged wheels running on a tramway 
(q,v,) It is drawn by horses, a oiut>le running in a 
slotted conduit, or by electric power. See Electric 
Traction. 

Trammell (Eng,^ etc.) The holders for the pencil 
and compass points used in beam compasses (q,v.) 
They can slide along a wooden bar, and can be fixed 
in any suitable position by means of set screws. 

Tramway (Citnl Eng.) A track formed by rails 
laid flush with the surface of the road along which 
they run, in order to permit the use of the road by 
ordinary traffic, as well as by vehicles running oa 
the rails. I’he tlecpers, if used, are entirely below 
the surface, and are commonly longitudinal ; but the 
rails may laid direct on a concrete foundation^ 
the wide fiat base providing sufficient suppoit. 

Tranquillo (Muelc), Quietly, caindy. 

Transepts (Arrlntcft.) The parts of a cruciform 
church forming on plan the arms of the cross. 

Transfer Printing (Bot.) Trinting by transfer 
may be either from copper plate or from litliograpbic 
stone. The design is first eithor engraved upon the 
chopper plate or drawn upon the stone ; it is then 
printed upon thin i>aper. The paper is laid print 
downwards upon the ware, to which the print adheres 
and tho pa[)er Is washed off, leaving the print 
“ transferred to the ware. 

Tssmsformation of Energy, The energy of a 
body or system, that is, its capacity for doing work, 
may exist in a variety of forms — e.g. Mechanical 
Energy, Chemical Energy, Thermal Energy, Electrical 
Energy. In general, energy can be changed from 
one of these forms to another — for example, the 
burning of coal or gas produces heat (thermal 
energy), which may be converted by an engine into 
mechanical energy, and the mechanical energy may 
be converted by a dynamo into electrical energy. 
The electrical energy may in turn be converted into 
mechanical energy, as when tlie current is employed 
to drive a motor ; or it may be converted inf^ heat 
(thermal energy) if the current be used for heating 
or lighting ; or it may be converted into obemical 
energy by using the current to electrolyse some 
chemical com{K>und. 

The following table Indicates some of the methods by 
which the changes from one form of energy to another 
may be effected. Each process or method quoted is 
tho one by which the form of energy correspettdiog 
to the Une in whidi it ocours may be converted into 
the form given at the head of the eolumn. Certain 
cases of transmission of energy are added for the 
sake of oomparison ; these arc mdicated in the table 
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in italies»a8 tbeym not in the fNFo^ flense instanoei 
ol the t^aforinatlon of energY. It wiU bo obscrrcd 
that no instants of the transfonsation of ohemioal 
energy into meohanical energy, and vice ver^d, are 
|riven, as no cases of direct transformation are known. 
Chemical miei^y lis obviously capable, however, of 
transformation into heat energy, a-nfl thus in tarn 
into electrical or mechaiuoal energy. 


enrrentfl (or i^ee or fear ohMoigihg tli^ 
of continnoufl currents. In the first eas^ en al^r^ 
natittg oarrent motor drives a C 0 htlnuouS> cnrreiit 
dynamo (or viee eersd); in the second case, both 
dynamo and motor are of the oontinnous current 
type. In certain forms there is but one field ina^et 
and one armature, the latter oanying two sets of 
windings. ^ ^ 



Meobanloal eDergy. 

Thwnnal eneiuy. 

Electrical energy. 

Chemitel eaersy. 

Mechanical energy 

JHaoJiines in general 
{trarnmUnon of 
energy). 

Friction, compres- 
sion, ^roussion. 

Electrical machines 
(friction and in- 
fluence), dynamos. 

f 

Thermal energy . 

Steam and gas en- 
gines: explosions, 
etc. 

Conduction (trane- 
mUHon of energy). 

Thermo - electric 
couples. 

Production of endo- 
thermio compounds. 

Bleotrical energy . 

The mechanical 
effects produced by 
magnets, electric 
cuneuts, electrical 
discharge, etc. 

Heatingeffects of the 
electric current or 
discharge. 

Transformers {trans* 
mission of energy). 

Electrolysis : the pro- 
t^ess of charging 
accumulatoi'S. 

Chemical energy , 

a 

1 * 

I*rod notion of heat 
by chemical aotioht 

Primary cells: dis- 
charge of accumu- 
lators. 

Chemical actions in 
general. 


Transfopmers {Elect.') A transformer is a device 
by which a small current at a high voltage or 
** pressure ^ is converted into a larger cuixent at a 
lower voltage. In the majority of cases both these 
currents are alternating currents of the same fre- 
quenc^t^, and the apparatus then used is the ordinary 
Altebnatb Current Transformbb. This con.si8ts 
in its simplest and most typical form of a COEB built 
up of thin plates of soft iron so as to produce a con- 
tinuous magnetio Circuit, and is usually in the shape 
of a rectangular frame. On this core are wound tho 
Primaby and Secondary Coils, the number of 
turns of wire in the two coils being approximately 
proi)ortional to the voltages of the primary an<l 
secondary currents. Thus, if a primary current at 
2,000 volts is to be transformed into a current at 
100 volts, the ratio of the turns in tlie two coils will 
be about 20 to 1. The action of the transform^ 
depends upon the periodic change in the magnetic 
fiux in the core which is induct by the variations 
of the primary oarrent. As the same flux passes 
through the secondly coil, an B.M.F. is thereby 
set up in this coil, giving rise when the secondary 
circuit is completed to an alternating current of the 
same frequency as the primary current. The efficiency 
of a gbod transformer is very high, the total loss of’* 
ehergy being in some cases not more than 3 or 4 per 
cent. The chief souroes of loss are: (1) Hysteresis 
(2) Bddy or Foucault Currents ((f.r.); (8) 
Besistanoe of the windings. In each ^e the lost 
energy appears in the form of heat, which raises the 
temperature of the transformer, and is ultimately 
radiated from its surface. Cooling is sometimes 
aided by immershig the apparatus w oil. Another 
class of transformers are more often termed COK- 
ysBTBBS or Botaby Convebtbbb; they are used in 
thA tmnjiformAtion of alternate currents to oontinnous 


Transit {Aitron.) The crossing of the meridian 
by auy celestial bod 3 ^ Also applied in a special 
sense to tiie passage of one celestial body in front 
of another, eg, the passage of the planets Mercury 
or Venus in front of the sun. 

Transit {Surveying), The term used In America 
for tile Transit Theodolite {q,v.) 

Transit Circle {Astron.) A telescope taming on 
a horizontal axis fixed due east and west, so that the 
instrument always points to the meridian. A large 
vertical graduated circle is fixed to the telescope so 
that the north polar distance, or altitude, or declina- 
tion of the body under observation can be determined, 
S(^e Meridian Circle. 

Transition {Architect,) A period in architecturn! 
history daring which a change from one style to 
another is progressing. The term is generally used 
to denote the transition from the Bomanesque to the 
Gothic. See Decorated. 

(ilfusMr). A -^change of key. It is usually 

used to denote a tempcrai'y modulation. 

Transition Elements {Chem:) A naifie given to 
the elements of Group VIII. of thq PSRiODiq 
System (j'.r.) 

Tnuult Theodolite {Surveying), A theodolite in 
which the telescope is capabm of complete rotatioii 
round its horizontal axis, movement in this piano 
hedng limited in other fonns. See TMBODOhtTB. 

TriMsmisston OraUngs Sec Diffrac- 

tion ORATINOa. 
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TransmiiBioii of Power. Power is transmitted 
or commuuioated from place to };>laoe in a great 
variety of ways ; but in engineering phraseology the 
above term usually refers only to the transmission of 
af^'tual motion. This is effected by shafts, belts, 
cables, etc. Power may also be transmitted by 
means of fluids under pressure (hydraulic trans- 
mission), by means of electric currents, etc. Steam 
engines may also be worked at a considerable dis- 
tance from their boilers if the pipes are well coated 
with non-conductors, and compressed air motors arc 
almost invariably placed a long way from the com- 
pressors which supply the air by which they are 
driven. 

TransmltteF {Elect") The apparatus employed in 
sending a luossage either by the Telegkath or 
Telephone (g'.f?.) 

Transom (^Evild,) The horizontal member of a 
frame between the head and sill, e.ff. a horizontal 
timber crossing the frame of a door Ijclow the fan- 
light ; the crossbar or horizontal member of a mullion 
window, 

(Eftff.) A transverse piece of timber serving 

ns a strut betw^een two parallel members, r.^. be- 
tw'ecn longitudinal sleepers. 

Transporter {Eng,) An appliance for moving 
material in bulk, or large numbers of ser^rate 
objects, from place to place without the aid of 
manual labour ; more often termed a Conveyor. 



The material may be carried on broad belts, or a series 
of bu<jkcts running on chains, the^whole machine 
being driven by power. "" ^ 

^wnspote (Typog.) In imposing, to place the 
pagefs in wrong order. This word, or more generally 
-its abbreviated form tr$, , written in the margin of a 
proof signifies that a word, line, or other portion of 
printed matter indicated is to^be transferred to 
another i^osition. See p, 5G8. 

Transposing Instruments {Mmic)r Are divided 
into those which transpose (1) an octave, such as 
the Double-bass, Contra-bassoon, and I’iccolo; (2) 
sejmo interval other than the octave (or at times the 
octave) such as the Clarionets, Basset Horn, Saxo- 
phones, some Oboes, Cor Anglais, some Flutes, some 
Piccolos, Homs, Trumpets. The exact transposition 
in each instance is given under the article Musical 
Instruments, pp, 426-38. 

Transposition (Jfime). A change of pitch, or 
clef. In transposition every interval of a musical 
passage is reproduced either at another pitch, that is, 
(1) in another key as at Example 1, or (2) at the 
interval of an octave in the same key as at Example 2, 
or (3) in another key practically at the same pitch, 
as at Example 3 ; this last is known as enharmonic 
transposition C»ee Enharmonic), or (4) from one 
clef to another at the same xdtcli as at Example 4. 



EX.A3CP1.B i,— F rom one Clef to Asotuer at tee Same Pitch. 
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HMUBsyene Section. A section (^.v.) across an 
object, at right angles to the longiiudlnal axis or 
direction o£ greatest length. 

Trap (Sanitatio7i). In its simplest form a trap is 
a bend in a pipe which retains water that is auto- 
matically replaced whenever the trap is used, thus 
preventing the return flow of noxious gases. The 
trap most commonly used is the Siphon Trap (</.»■) 
The essentials of a good trap are : (a) an efficient water 
seal, in the siphon trap the water should stand 
at least three-quarters of an inch above the opemings 
of the bend ; (If) the Wap should be self-cleansing ; 
(c) every portion should be effectually cleansed by 
each flush. Other more or less efficient traps are 
the Midfeather Oj.v.) ; the bell trap, a modification 
of the foregoing ; and the ball trap, or Cousler’s trap, 
in which a ball rises with the rise of water in tl;e 
sewer and closes the aperture. In the case of traps 
to water closets, a ventilating i)ii>o is generally con- 
nected with the outer side of the trap to prevent 
bijjhoning. Si’e aUo Sanitation. ^ 

(Weavhiff). The term api^liod to a breakage 

of warp threads in a loom through faulty working. 

Trapezium* ” A plane figure ha^'ing four unequal 
sides, no two of which are parallel. 

Trapezoid. ~ A plane four sided figure having two 
sides parallel, ^ *“ . 

Trappean Rocks (Geol,) Eruptive or igneous 
rc‘cks, wiiudi have consolidated below the snrfn'^e of 
the ground, though not at the greatest depths as in 
the case of riutoiiio ilocks (q.t.) 'Die name is 
derived from the Swedish word Trappa (a flight of 
steps), which was aiqfiied owing to the steplike form 
ill which these rocks frequently occur. 

Travel (A'/i^.) The distance through which a part 
of some meclianism can move in a straight line. ^ 

Traveller Spinning), In King spinning, a 

small metal loop or ring which guides the .yarn when 
being wound upon the spindle. See King Fbame. 

- — or Travelling Crane (ICng.) See Ckanes.' 

Traverse (Surveying), A series of consecutive 
lines, the directions and lengths of which have been 
ascertained. 

, Traverse Net (Lare Manvfae,)"^ X term 

applied to John lleatlicote’s traverse Krussehs net ; 
it also applies to other nets and laces where CAjrtain 
threads are traversed or laid crosswi.se over a more 
limited area. 

Traverse Tables (SurTeying)^ Tables which show 
by inspection the co-ordinates of any point^in a 
traverse. 

Traversing (MngJ) The ordinary” operation^ of 
turning in a self-acting lathe, in which the tool moves 
lonjsjitudinally, as opposed to Surfacing (g.v,)^ in 
which the tool travels across the bed. The term 
** traversing” is also applied to various longitudiiiah 
movements in machine tools and other mcclmnism. < 

Traversing Bridge ( Civil AW.) A bridge formed 
by a ^rder nke structure, which can be drawn bs^k- 
ward ny hydraulic or other power, in order to famish 
an opening through which vessels | can ' pass. 
Examples occur in the Millwall Docks and also at 
Bany. 


Traversing Mandrel A lathe ihaiidyel 

(g,v,) whichTs capable of longitudinal motion. This 
motion is usually communicated to the mandrel by 
means of a short screw attached to the mandrel ; the 
screw runs through a nut fixed to the headstook^ And 
therefore the mandrel advances in each revolutioa 
through a distance equal to the pitch of the screws 
If a piece of metal held in a chuck be acted upon by 
a tool which is kept fixed, a screw thread will be cute 
upon it, of pitch equal to that of the screw fixed to 
the mandrcL This device is very convenient for cutting 
small screw's and for ornamental and fancy turning. 


Traversing Screw (JSing,) A screw employed for 
producing a longitudinal motion ; the leading screw 
of a lathe is a pariioular example. 

Traverse (Muno), Crossways. See Flute nnder 
Musical lNSTitUMENTS,j;. *134. 


Travertine (Geol,) Calcareous rock formed by 
the deposition of ('arbonate of limo, together with 
other materials, by underground water. 


A moulding of tho 


Treacle Moulding (Joining). 
form shown in the figure. 

^ Treail (JSulld.) The part 
of a stair or step on which 
tho foot rests. 


(Jing.) The bearing 

surface of a wheel on road 
or rail. I’he parts of tho 
.surfaces of a rail and a wheel which come in contact 
with each other are termed the Tread of the Kail 
and^he Tread of the Wheel respectively. 



TasACLB Moulding. 


9 Width of (Cgclcs), The distance between 

tho two inner flanges of the pedals, measured in a 
line parallel to the crank axle. 

Treadle.^ The lever on which the foot is pres.‘^ed, 
in order to communicate motion (nut necessarily 
rotary) to a machine, * 

Treadle Machine (Print,) A small printing 
machine of the ijlatcn order, worked by the foot of 
the operator. 

Treble (HhiHc), (1) The name given to. the clef 
wliich was originally written as the letter g or G, now 

written on tho second line of the stave.^ See 

Stave wnd Scoee." (2) The name given to soprano 
voices, esjjecially boys*. 

Treble Geared Lathe (Eng,) A lathe having back 
gcai- in which three wlw»ls and three pinions 
are used, so that the velocixy' of the mandrel is 
reduced to a still greater extent than by ordinary 
back gear. ' ' 

Trebles (Met.) Sheet iron of gauge varying from 
Nos. 2j> to 27 of tho Birmingham Wire Gauge. See 
‘WiEE Gauges. 

Tre Corde (Mueie), Without the left pedaL"" 
UNA COBDA. 

T^M Calf (Bind^ A brown calf binding which 
has been stained to imitate a conventional ttec-like 
pattern, 

Treflde (tfibr.) See mder Cboss and Tbefoil. 
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Trefoil (Architect.) A cuspcfl opening in Oothic 
tiaceiy formed 'witli three foils or spaces between 
cusps. JB^e Fo JL, Cinquefoil, QuabtbefoiLi Multi- 
foil, Cusp, and Tbacebx. 

(//tfn) A Icsaf having three cusps like a 

clover leaf. Tiefi^e indicates adorned with Trefoils. 

Tremollte (ATia.) A calcium magnesium Amphi- 
bole (tj.v,) 3MgO . SiOj . OaO . SiOj. In long blade- 
like crystals of a greyish or white colour. Also in 
fibrous and columnar masses. From Switserland 
and many places where there are mctamorphic 
rocks. 

Tremolo (Atwdc). In a tremulous manner. 
Tremolo may be divided into reiterated notes played 
as rapidly as possible, and written thus ; 



and into divided chords played quickly and written 
thus : 



Tremulant or Tremolo (Mmic). Mechanism in 
the organ and harmonium, which acts on the supply 
of wind in such a manner as to disturb the steadiness 
of the supply, thus causing a throbbing sensation. 
Tremulants arc of many patterns. 

Trenail or Treenail (Any. ) Wooden spikes used 
to fix railway cliairs to raie slecixjrs ; the timber from 
which they are made is dried and compressed, so that 
the subsequent swelling holds the trenails firmly in 
position. 

T-Hest or Tee-Rest (AViy., etr,) The T-s^^aped 
support for a tool used in hand turning. 

Trestle Bridges ( Civil Eng.) Bridges usually at 
a high level, carried on timber or iron supports 
resembling ordinary trestles in form. They are of 
great use in accelerating railway construction, but 
are in many cases replaced by more ijerinanent 
structures when the line is in full working order. 

Trestles. A form of stool with a long narrow top, 
and four (rarely three) legs spreading out towards 
the base. 

Triad (Afamo). A chord consisting of three notes 
a third above each other. A triad may be : major (a), 
minor (^), augmented {o\ diminished (d). The first 
two are perfect, having the extreme notes a perfect 
fifth apart, the last two, not having a perfect fifth, 
are called imperfect. 

. (o) w m 


Triad Elements (Chem,) Sao^e as trivaient ele- 
ment, Aks ^Valency. 


Trial Level (Chil JSng^) A preliminary measure- 
ment of the general elevation of ground along which 
a railway, canal, etc., is t^o be constructed. 

Triangle (Ti^laiigolo) {MuHo). See Mxtsical In- 
STBUMENTS, Jf, 446. 

Triangle of Foroei. If three forces lying in a 
plane be in equilibrium, they ma^ be represented 
in magnitude and direction by the sides of a triangle. 
Cf. roLYOON OP Fobces Under Gbaphio Statics. 

Triangular Rule or Scale. A rule or scale con- 
sisting of a bar of wood whose cross section is a 
triangle, with suitable graduations on each face. 

Triangulation (Astrofu) The application of 
trigonometry to the determination of distances* 

(Surveymg). The method of making a survey 

by taking the angles to other stations from Die ends 
of the base line, and then from these stations to 
further ones, thus covering the area with a network 
of imaginary triangles all tlio angles of wliich have 
been mcasuixd. From the known length of the base 
line, the sides of the triangles can then be cal- 
culated. 

Trias ((reol.) The system at the base of the 
Secondary Itooks (see Steata, Table of, in Apjy/v*- 
dix). The name is derived from the triple division 
of the system, as it occurs in its most typical form, 
in Germany; in England one of these divisions is 
absent, the two existing divisions being the Uppek 
TniAs or Keupeb and the Loweb Tbias or 
Bunteb. 

Triatomic Molecule (Oiem.) An elementary 
molecule containing three atoms of the clement. 
Tlie only known example is Ozone (</.«?.) 

Triblet (Eng.) (1) A round rod or mandrel, which 
is put through the hole in a nut, etc., while it is being 
finished by a blacksmith. (2) A mandrel on which 
tubing is drawn. 

Triboluminescenoe {Phys.) The productien of 
luminescence by frietinn, as when a lump of* sugar is 
crushed in the dark. This property is possessed by 
many crystals, e.g, J^iamond, Quartz, and Uranium 
Nitrate. 

■C,H, 

Triblityrin OhOOC . C.H, j. 

cH,ooc . c,n, 

An oil ; boils at 286®. Said to occur in butter, but it 
is probable that one or two of the butyric acid 
residues are replaced by higher fatty acid residues 
in butter fat, so that tributyrin itself is not present. 
It can be obtained by prolonged boiling of glycerine 
and butyric acid» 

Trichlopacetaldehyda (Clwm*) A synonym for 

Chlobal {y.v.) 

CCl, 

TrichloPAcetic Acid (Chem.) | A white 

COOH • 

crystalline solid; melts at 52®; boils at X96®; deli- 
quescent and very soluble in water. It has a pungent 
smell ; it is an antiseptic and caustic, blistering the 
skin. Trichloracetic acid is a powerful^id, com- 
parable in strength with the strongest mineral acids, 
rotassium amalgam converts its aqueous solution 
into acetic acid. Alkalis convert it into chloroform. 

CCl 

I * + HONa - CC1,H + CO(ONa), 

OOONa 

It is synthesised as follows: Carbon disulphide is 
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converted into carbon tetrachloride by the action of 
anlphnr chloride in presence of iron; the carbon 
tetrachloride, when passed through a red hot tube, 
pveA tetraobloiethylene ; the latter exposed to snn- 
light in presence of chlorine and water gives tri> 
chloTacetio acid : 


CCl, 

OCl, 


L. 


CCI 3 

■^on 


NOH 


It can be obtained by direct chlorination of acetic 
acid, or by oxidising chloral hydrate with fuming 
nitric acid. 


Trichord Three strings. A modern 

pianoforte is called a trichord pianoforte because the 
majority of the notes have three strings each, tuned 
in unison. See I*i AiroFOBTJe:, p. 430. 


Tridymite {Mht.) An oxide of silicon, SiOj, 
occurring in small hexagonal plates in trachyte in 
Antrim and on the Rhine. Cy. Quaetz. 


Triforinm (ArcJdtect.) See Clebestoey. 


Trl|[Iyphs {Areldteet.) The structural part of the 
frieze in a Doric entablature. There are two vertical 
grooves on the face of each tr\glyph, and a chamfer 
or half groove on each edge. See Entablatueb ; 
Metoi'b ; Abchitectuue, Obdees op ; Dome ; 
Diglyph ; Ditkiglyph ; and Mebos. 


Trigonometer {Surveying), An instrument used 
in plot ting a survey and by means of which the co- 
ordinates of a point, whose distance and bearing have 
been determined, may be read oil. 


Trigonometpical Ratios. Let e be any angle; 

then if a lino AC be 
<lrawn perpendicular 
to BO, the following 
terms are applied to 
the ratios beeween the 
sides of the right- 
angled triangle thus 
B C formed. 



- Perpendicular ^ ^ 
’ llypothcnuBC BA 
2 Base ^ BO 
■ ' Hypothenuse ba 
* Perpendicular ^ ^ 
Base ** BC 


termed the Bine of angle 0, 
„ „ Cosine r „ „ 

„ ., Tangent „ „ 


^ Hypothenuse 


Pezpendicular 

“ AC 

. Il3730thennse 

« 

• Base 

“ BO 

^ Base 

B ?? 

rerpendicular 

"" OA 


„ COSEOANT „ „ 
Becant . „ „ 
„ ‘ Cotangent „ 


In mathematics these ratios arc abbreviated to 
9 in $, eot $, tan 0, eoeeo »ee $, eot $ respectively. 
The difference between unity and the cosine of an 
angle is termed the Yebsed Bine (abbreviated 
tf), i,e, verdn 0 » I ^ oat 0. Tables of these 
ratios are published, giving their values up to seven 
places of decimals. Their properties aie dealt with 
in works on trigonometry. 


, TvIgoiioiiietPY. The branch of, xn^henMce 
dealing with the properties of triangles and^th# 
measurement of angles. % . 

Trihedpal Angle. The figure fmnned by ihiM . 
planes which meet at a point. ^ 

Triliydrle Aleeholi and Flienolf {Ckom,) Aloof 
l.ols and phenols containing three hydroxyl gipups. 
For an example of a trihydne alcohol see GLYCEmKR; 
for a phenol tee Pybogallol and PnhOBOGEroiN. 

Trill ^ Ornaments (Jlfnsjc). 

Trllobites ( <9ec7Z.) An important group of fossils', 
occurring in the Lower Palseozoic Rocks; so called 
from the division of the fossil into three distinct 
areas by two longitudinal furrows. The exact 
zoological position of tho Trilobites is difficult to 
determine, but they belong to the Arthropodat the 
Bub-Kingdom which includes the Cmetaeea (Crabs, 
Lobsters), Arachmda (Spiders), etc. Borne of the 
chief Trilobites and the geological systems to whicli 
they belong are as follows : 

Cambrian System, 

Paradoxidet, Mioroditcut, 

Olenut, PdlocephaltetM 

* Agnost7ts, 

Ordovician System. ' 

Atap7tne, JEglina, 

Ogygia, Calymene* 

P)uieop9, Trinuclet^^ 

Silurian System. 

Pliacapt, ChieTurua, 

^ Tfomalonctus. Jlarpct, 

Calymene, 

A few Trilobites also occur in tlie DEVONIAN and 
Carboniferous Systems. 

Trimethylamine (^<^0 N(CTI,),. A gas; boils 

at 3 5®; smells strongly of fish; very soluble in, 
water ; readily inflammable.^ It is a strong tertiar/ 
base uniting with acids to form salts, and with 
alkyl iodides to form quaternary ammonium com- 
pounds (g,v,) Examples : 

K(CII.),nCl , {N(CH,), . !r(CH,),I 

Trimetbylaniine Platinum chloride Tetramethyl 

bydroclilorlde. double salt. fuunioniiim iodide. 

Trimethylamine unites directly with carbon disul- 
phide, forming CSj , N(CHA with evolution ot heat. 
Trimethylamiue occurs in herring brine, in some 
blossoms such as hawthorn and pear, in a number of 
{ilants, e.g, stinking goosefoot, in putrifying flesh of 
the most various kinds, in Gorgonzola cheese, and 
sometimes in urine. It can be obtained in quantity 
from the ** vinasse ” of the beetroot sugar industry. 
In this industry the molasses are fermented for " 
alcohol which is distilled ofl; the residual liquid 
(«< vinasse”) is evaporated to dryness,, and the dry 
residue distilled. The distillate is neutralised with 
sulphuric acid, and again distilled; the residual 
liquid consists largely of the sulphates of ammonia 
and trimethylamine, which can be x»artially separated 
by ciystallisation, tbo former sulphate being the less 
soluble. The mother liquor is distill^ with quick- 
lime, and the distillate received in hydSKiChlorlc acid. 
Tho two hydrochlorides can be partially separated 
by crystallisation, ammonium chloride being tbe less 
soluble. The mother liquor is boDed down till its 
boiling point reaches 200®— tho residue is trimethyl- 
amine hydrochloride. When methyl iodide is heated 
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with alcoholic ammonia in closed vessels, tctramethyl 
ammonium iodide, and the hydriodides of ammonia, 
mcthylamine, dime thy lam ine, and trimethylamine, 
tiie obtained. From the first of these five compounds 
trimethylamine can bo obtained by converting it into 
the hydroxide by the action of moist silver oxide 
and distilling the hydroxide. The tetramethyl 
ammonium iodide is easily separated from the mix- 
ture by distilling with caustic potash, when it remains 
behind unchanged. The four bases all distil over, 
and are condensed in a receiver cooled by a freezing 
mixture, a part of the ammonia and metbylaminc 
escaping. To the liquid mixture ethyl oxalate is 
added : 

CONHCH3 

Methylamino forms { 

CONnCIIj 

Diuicthyl 
oxiuuide. 

CON(C!Il3), 

Dimethylamine forms I 

COOOJI5 
Ethyl 
dimethyl 

oxaiaute. 

Trimethylamine is unacted on, and may be distilled 
off. Si e ahv under Betaine, Choline, Nabcotine, 
and Kburine. 


'' Separated by the 
action of cold 
water, which 
dissolves the 
, - etlivl dimethyl 
oxamate. On 
hydrolysis they 
yield the 
amines. 


Trimethylene (fliem.') (1) The compound tri- 

CIlj 

methylene HjC is a gas ; burns with a bright 

llaii»e. With bromine it yields trimethylene bromide, 
and with hydriodic acirl normal propyl iodide. It is 
obtained from trimethylene bromide V^y boiling with 
sofUum. It W'ould be better called c > cloproftane. 
From it arc derived a series of homologues and car- 
boxylic acids. The carboxylic acids can be obtained 
in several ways, e.ff. (i) by the action of ethylene 
dibromide on ethyl disouiummalonatc : 

- 

“]c)'C<c 8 Sc:": 

On hydrolysing, and heating the resulting acid, tri- 
mctbyleue mouocarboxylic acid is obtained : 

^^*9 \ /nooTT 


■"’I ><c 

II, c / 


ClI . coou 


(ii) By tlie action of diazomethaue iq.v.') on ethyl 
fumarato : 

N =. N nC . COOC3H4 

^ no . COOCjIIj * 

H 

N-N N «N 

HCvl^CII . COOC^Hj nJJ cn . cooc^Hj 

“ CHCOOCjH* 


CH . cooc,n5 


Tautomeric. 

Diethyl — 4:5 pjrasolinedicftrboxylate. 


/CH.COOC.H, 

*n,c/ 1 * + 

XCH.COOCjHs 

mifir Ptbazole. The 1 : 2 trimethylene dicar- 
oozylioacidfl are known in tlie ois«^andtxaas-forms, JSee 


Stebeoisomebibm. (2) The group— CH, . CH, . CH,— 
is called trimethylene ; it only occurs in combination^ 
as for example in trimethylene bromide— 

Cn,Br.CH,.CH,Br, 

and in glufcaric acid (q.v.') Tbimetrylene Bromide 
is a colourless liquid ; boils at 165^ With sodium it 
yields trimethylene (q.v.); with potassium cyanide 
it yields the nitrile of glutaric acid (trimethylene 
cyanide). It is prepared from allyl bromide (from 
allyl alcohol, amorphous phosphonis, and bromine) 
by the saturating it at about —20° with hydrogen 
bromide and allowing the liqjiid to stand in sealed 
tubes at 30° for twenty-four hours, and repeating the 
process as long as allyl bromide cun take up the gas : 

CH.. CH,Br 

11 “ I 

CH + HBr « CH, 

CH^r JlI.Br 

Trimmer (Car^, and Join . ) A short joist running 
across an opening, and serving to sui^poi-t the ends of 
a number of other joists whioli have been shortened 
in order to form tho opening. /See Floors. 

Trimmer Arch (liuild.) The arch supporting tho 
front hearth of an upper fioor. 

Trimmer Joists (Carp, and Join.') The joists 
supporting the ends of a trimmer ('/.r.). Sometimes 
termed Tbimming Joists. 

Trimming ( Iti ndJ) I’aking a shaving off the rough 
edge of the leaves of a book that is not to be cut 
dowm. 

( Carp, and Join.') Supporting the cut ends 

.of joists by means of a Tbimmeb (</.?'.) 

Trindle (J)tnd.') A thin Hat implement of wood 
or metal in the shape of an elongated U ; used in 
pairs for making the back of a ]>ook in boards us^jsume 
a flat j^osition previous to placing in tbe press for the 
o|)eration of cutting tlie fo^edge. /See BoolCBINDlNG. 

Trinitrophenol ( Chan.) See Picric Acid. 

Trio CMvsiu). (Ij A musical composition for 
three voices or instruments. (2) The term given to 
t-lic secondary movement of a march, minuet, etc. 
Sec also Hepeat. 

cii,ooc\,Tr„ 

Irioleln (CTm.) JlI.OOC„H„ 
cii,.ooc„n«. 

An oil; melts at — 0°; is oxidised on -^pol^tO'td . 
air, becoming acid; nitrous acid, chang^ it to an/ 
isomer elaidin. P'or occurrence sed Olepo Acid. 

It can be prepared from olive oil by Rowing the oil 
to stiMid with occasional shaking DVer eaustic soda 
solution for twenty-four hours; the aeaps fc^ed 
by hydrolysis of the other glyceride* are dissolved 
in dilute alcohol when triolein remains. /Sec also 
Iodine Absorption. 

Trionri (6W) > C <S0,C.H.), (iSethyl- 

sulphone methylothylmetbane). White crystalline 
powder; melts at 7G°; sparingly soluble m''JrAter» 
readily soluble in alcohol and other. It is used as 
a hypnotic. Prepared from methylethyl ketone just 
ns Bulphonal (g.e.) is prepared from dimethyl ketone 
(acetone). 
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Trioses Sugars containing thtee carbon 

atoms. There arc two of them : 


OH-OH 

I 

CHOH 



AldO'trioBe. 
Glyoerine aldehyde. 
Glyceroso. 


CH„OH ; 

I 

CO 


CHjOH 

Keto-trioae. 
CHyoerine ketone, 
Bioxyuceione. 


The aldose should exist in dextro-, la5vo-, and inactive 
forms, but only the inactive form is known. A 
mixture of the two trioses is obtained by the oxida- 
tion of glyoerine by means of bromine in presence 
of a weak alkali, such as lead hydroxide or sodium 
carbonate. The aldose con be obtained by boiling 
acrolein dibromide with much water and removing 
the hydrobromic acid by silver oxide : it is a crystal- 
line solid which melts at 138°; rednoos Fchling’s 
solution ; condenses on standing with a dilute alkali 
to /3-acrose; yields an osazonc iq.v.) The ketone 
can be obtained by the fermentatiem of a 5 or 6 iier 
cent, solution of glycerine iir broth by the sorbose 
bacreriurn (11 xylimim) in 80 per cent, ydeld; also 
svnthotieiilly from symmetrical dibromacetone by 
the action of alkalis: it is a crystalline solid; no 
constant inciting point ; reduces Fehling’s solution ; 
alkali acts as on the aldose ; yields an osazone. 


ai,.ooc.cviai 

Tripalmltin {Chem,) 011 .000 . 


(Glyceryl 

tripal- 

miiate). 


CH,.OOC.CVI„ 

A crystalline solid; melts at 5(f, then solidifies, and 
molts again at ()()°; nearly insoluble in alcohol ;i 
very soluble in etlier; it occurs in many fats and 
ospecially in palm oil; it can be made from glycerine 
and palmitic acid. See l^iLMiTic Acid, 


Trip Gear (£’^^^7.) Tlie arrangement of levers and 
catcltis used for opening and closing the valves of 
Corliss engines, etc. 

X cyis 

Triphenylcarbinol (Ch€??i.) ITO *- C ^^CVlls 

Crystallises in jdates; melts at 159®; boils above 
360° ; soluble in benzene, alcohol, and glacial acetic 
acid. The .Sfdntion in the latter solvent is turned 
yellow by addition of bydroclilorie acid ; the sub- 
stance also dissolves in concentrated sulphuric acid 
with the same strong yeU<>w colour — the colour is 
probably due to the same cause a.s that of a solution 
of triplicnylmeihyl in ionising solvents. See Tm- 
PHi3NYLlUETnyt«.. Its pnratriamido derivative is the 
colour ba^e of Pararosaniline {q.v.) When dissolved 
'in neetjd, chlcrideu it gives a violet colour, which 
passes' into dark red, and finally yields triphen^l- 
chJormethaii^d^ but no acetate : 

-t- cUsCOci = (c,n4),c . Cl + cH,coon. 
Triplsenylcarbinbl can be obtained in several ways ; 
(1) from pararCfianiline (q.v,) ; (2) from tripbenyl- 
metbane {q.v.) ; (8) from benzophenono and magne- 
sium p}]cn 3 dbromide. See MAcixiiUsiUM Compounds. 


C +Mg< 


C.H. 

Br 




.O.H. 


V 0 . 11 , 

^C.H. 






(4) From triphenylchlormeihanc by solution £h strong 
snlphurio acid and cautious addition of water, l^d 
99 per cent. . 

PhjC . Cl + H-SO, - - HCl + rh.C .OSO-S ' 
I>h,(JO . SO,H + HjO - i>h,C . OH + HaSO. ^ 
(PB-CTO ^ ^ 

Triphenylohlopmeihane ( CIicvu) Cl*- 0 

C-gHs 

A white crystalline solid; melts at 108°— 112®; 
soluble in benzene, carbon disulphide, and chloroform, 
sparingly soluble in ether. When heated over 260® 

it gives diphenylenephenylmethane | > CH . C-H 5 

Its benzene solution, when allowed to stand iu, con- 
tact with certain metals such as zinc, silver, metcury, 
gives triphenylmctliyl (q.v.) For the action of strong 
sulphuric acid 9ce Thiphenylcaebinol. See aUo 
Tbiphexylmethaj^b. When heated with sliver 
acetate it yields an acetate which melts at 87°. It 
is best prepared by condensing carbon tetmchlorido 
with benzene by moans of alumininm chloride, Tlie 
two former, pure and dry, are placed in a flask with 
reflux condenser, and the aluminium chloride (frorai • 
chlorine and aluminium) is added in portions of 
10 grama at a time (CCl^ 1 partrC^H^ 3*5 parts: 
AlCij, 1*25 parts). Then the mixture is heated for 
an hour on a water bath. The cooled product is 
ix)ured in a thin stream on much powdered ice, and 
benzene is added from time to time, with constant 
stirring to keep the triphenylcblonncthmie in solution. 
The Umzene is separated and washed with diluted 
hydrochloric acid, tlien water — the washings must 
be dtne quickly. The solution is dried over calcium 
chloride, then concentrated as far as possible on 
a water bath — over half separates in pure crystals, 
which may be filtered off and washed with dry ether. 
More can bo obtained by working up the mother 
liquor. 

Colourless prisms or leaves; melts at 98°; boils 
above 80()° ; very soluble in benzene, ether, chloro- 
form, less soluble iu alcohol. On oxidation witli 
chromic ac*id it gives triphenylcarbinol (g^.i\) For 
its conversion into ptirarosaniline »ee PAltABOSAXl- 
LlXE. Its paratiianiido derivative is the leuco 
compound of pararosaniline. TriphenylmetbanQ, is 
best prepared from tripheiiylchlormethano (</.*>.) — 
16 grams of this in pow'dor are added to 60 cc. glacial 
acetic acid (in which it is little soluble); 15 grams of 
zinc powder are added, and carbon dioxide is passed 
through the liquid, which is kept efficiently stirred' 
by a turbine for several hours at the ordinary 
temperature. The mixture is then gently warmed, 
filtered, and the zinc W'ashod with warm glacial 
acetic acid. Water is added little by little to the 
liltiato, when the triphen^'lincthane crystallises out 
in good but slightly yellow ojystals. It is washed 
with water, and rccry&tallised from benzene and 
alcohol. From benzene it crystallises with benzene 
of crystallisation. V ield of not xecrjstallised product 
92 per cent. 

Triphenylmefhyl The following^ 

formulm have been succeseively suggested for this 
compound, which was discovered by Gomberg'^ 


Triphenylmethane (^Chem,") 




CM 


Gomb^rg*s formula 
(txivalent carbon atom). 



TBX 


700 
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CH CH CH cn 

CH CH CH CH 


(liexapheDjletlmne}. 


\o<W, 


Jaoobson '0 
formula. ‘ 


Heintschers formula 

(BUggested to avoid a trivalent carbon atom). 

r r®n* Tschitschibabin*» formula 
Cjni/ '\cJhJ (liexaphen 7 lethane). 

cn on 

CA/ formula. 

l-diphenylmethyleno-4-triplienylmethyl-cyclo- 
hexadien (2, 5), 

It is ncicessary to point out here that the compound 
called bcxapbenylethane by Gomberg is a compound 
80 called by Ullmann and Borsum, its discoverers ; 
butTschitschibabin has shown that in all probability 
it is not hexaphenylethaue, but benzbydryl- 
tetraphenylmethaue : 

CH CH 

^ c . C / \ C.C^ Cen,) 


because it reacts quantitatively with only one molecu- 
lar proportion of bromine, when exposed to sunlight 
and in carbon disulphide solution, forming a mono- 
bromide which readily hydrolyses to a carbinol. For 
this reason Tsohitschibabin suggested the hexaphtnyl- 
ethane formula for Gom berg’s triphenylmethyl, and 
the formula last written for bcnzhydryl-tetraphenyl- 
mothauc. This compound will bo referred to in 
what follows as hexaphenyletbano U.B. Triphenyl- 
methyl is a colourless crystalline solid, but turns 
yellow on keeping; it melts (out of air) at 145** to 
147^, first blackening and turning rod after melting ; 
it ilistils at 208^ under a pressure of 19 mm. 
mercury, but with decomposition, much triphenyl- 
methana being formed. Its molecular weight was 
determined by the lowering of the freezing point of 
each of the following solvents — benzene, naphtha- 
lene, nitrobenzene, dimethylnnilino, parabrozu- 
ioluene, phenol — in an atmosphere of carefully 
pujified atmospheric nitrogen ; the mean of twelve 
experiments was 477, while (0„H4)j,C requires 243. 
Gomberg inclines to the view tl.at the result is due 
to molecular association. Its electric conductivity 
in liquid sulphur dioxide is comparable to that of 
many salts ; thus its molecular conductivity increases 
from 8*24 at a dilution of 24 litres to 39*6 at a 
dilution of 2138 litres. It is veiy soluble in chloro- 
form and carbon disulphide ; pretty soluble in carbon 
tetrachloride and toluene. From toluene it crystal- 
lises beautifully, but the crystals contain toluene. 
It is also soluble in ethyl acetate and ether; the 
crystals formed from these solvents are compounds 
(C^i,),C.CH,COOC!,H. ami {(C.H.),C},(C^.)0. 
^on-ioni8ing solvents yield colourless solutions ; 
ionising solvent.^ yield yellow solutions (halochromicf 
the production of colour without the presence of 
any Cfdour i>ro<lucmg radical or grouping). This 
yellow colour is ascribed by Gomberg to the presence 
of the ipn (C^a) 3 C— . In its reactions triphenylmethyl 
behaves as a strongly unsaturated compound ; thus 
it unites, as stated before, .with several of its 


solvents—it absorbs oiE^gen with great avidity when 
a solution of it is exposed to air or oxygen, forming 
a white crystalline peroxide — sl-6 grs. of the hydro- 
carbon in benzene solution absorbed 60 oc. oxygen 
in the first minute of its exposure. 

CjgHjpOj, it unites directly with chlozino, bromine, 
and iodine, but in the case of. the two former, 
substitution as well as addition occurs. Hydrogen 
chloride in benzene solution changes it to hexa>* 
pbenyletbane U.B. . « 

CH CH CH CH 

)c.CPh, 

CII cil CH CH 


(Ph-C.H,) 

Triphenyl methyl is prepared by reducing a diy 
benzene solution of triphenylchlormethane with fine 
zinc shavings. The solution (20 grs. in 100 cc.) is 
put in the Drechsel washing bottle A, 10 grams of the 
zinc is added, and the bottle held on its side so that 
the zinc is spread on the walls ; all air is removed 
by a quick stream of dry carbon dioxide, and the 
taps a and h arc shut. After a few hours the zinc 
has sintered together ; the bottle is then stood 
upright and left for five to ten days. The reactioua 
aio 


2PhaC . 01 + Zn = C-H-o 4- ZnCl, 
rh,C . Cl + ZnCl^* Ph,C . ClZiiCV 


A is now connected to B, and B is exhausted and 



Koix.— G is ft throe>waj cock, lilce a and 6. Tlia tuba in A 
goes nearly to tbe bottom of the butUo. 

filled with dry carbon dioxide, these operations being 
repeated several times. The cocks h and C are nour 
turned so that the liquid is drawn from A to 
the double salt remaitiing in A is washed with 
benzene drawn through D into A, then into B. A is 
now removed, the benzene distilled off under reduced 
pressure, while B is partly surrounded by rubber 
tubing, through which steam is blown. B is detached 
from receiver, and 50 cc. acetone run Into B from fi, 
and violently shaken tp break up lumps of triphenyl- 
methyl ; B is filled with carbon dioxide and apparatus 
left till cool. Then a suction fiask is put on to the 
rubber stopper below G, and the acetone is sucked 
off, leaving the crystals in B ; the treatment ia 
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repeate<l «rlth cold acetone. Finally, B is ezhatistod 
and filled with carbon dioxide alternately till the 
product is perfectly dried ; it is ^ got oat by catting 
the tube at o and blowing carbon dioxide tbrongh. 
Trlphenylmethyl so obtained is very pnre^ and ofin 
even be exposed to air for a while withoat change. 
Gomberg has. pr^ared several analogous compounds 
to this — but not yet in pure condition. Two of the 
most remarkable are the paratolyl and paranitro- 
phenyl compounds. The former changes spon- 
"taneonsly into the hexaparatolylethane U.B., and it 
does not take up iodine ; its solution is orange 
inclining to red. The nitro compound gives a 
remarkable colour aisplay during its formation 
(molecular silver was used instead of zinc). 

Triple Conaierpoint ( J^usio). Three-part counter- 
point written in such a way that all the parts are 
invertible, each serving as lower, middle, and upper 
part. 

Triple Expansion Engine An engine in 

which the is expanded in three cylinders in 

succession. Sve Stbam Engine. 

Triple Point {Heat), A point on the vapour pres- 
sure curve of a substance, at which the substance 
can exist simultaneously in the solid, liquid, and 
gaseous states. It is the point of intersection of the 
curves showing the relation between the pressure and 
temperature of the solid apd vapour, liquid and 
vapour, and solid and liquid. See aUo Vapoub 
Pbessube and Sublimation. 

Triplet A group of three notes to be 

performed in the time of t\fo. 


Gbopik. 



It is generally marked by a slur and the figure 3, 
and may consist of notes, or notes and rests. 

Triplet Cycle, See Tandem, s 

Triple Time (^Mn»ic), See Time and Time 
Signature. 

Trip Lever {Kng,) A bent lever used in trip gear 
{g,v,) One end of the lever is raised by means of a 
cam ; when the cam hfis passed a certain point, the 
lover is released and falls suddenly. 

!]Qyipod , A three legged stand for a 

cam<’ra, used in out of door photography where a 
firm but poitable support is required, 

Tviite(MaHe), Sad. 

Triitearin (^Chem,) See Stearin. 

Trlitezzay Con (Mueic), With sadness. 

Tritone (^Mmie), Three tmes. Another name for 
the interval of the Augmented Fourth. It occurs 
between the Snbdominant and Leading Kote. 


Mteiglani^ An arra^emant 

the Botic firieze and iatetcolnnmiatioh ao<!^ 
three tariglyphs are used between those 
above two adjacent colnmns. 

TSOTUBB, OBDBBS OF$ SNTABLATXmX ; 

glyph; and BirmoLTPH. 

Triinrata iChem,) Grinding substances together 
so as to facilitate solution or reaction. 

Tphmlent Element or Eadical iChtm,) ' Sea 
Valency. 

Trivet iTeoetile^), See Tbuvat. 

Troohilna (Arehiteet.) See Scotia. 

Trolley or Trolly {JSlect, Eng,) A metal wheel 
or roller attached to the end of a flexible TnoLiaiiir 
Vole {q,e,) on the top of an electric tram or cor. 
The trolley is placed in contact with an electric 
conductor, in the form of a wire, which extends 
along the track, supported by standards. The cur* 
rent is conveyed by the trolley to the motor circuit 
on the car. 

{Eng,t ete,) A low built truck or car, 

generally used for moving heavy materials. 

*— (Zare Manvfae,) A form of laoe in which the 
pattern is outlined with a thickened thread or by a 
narrow flat border. The ground is generally double 
with meshes of different shape. 

Trolley Pole {Elect, Eng,) A pole fixed on the top of 
an electric car and carrying a ooudneting wire, which 
is connected with the motor circuit on the oar. To 
the upper and flexible end of the polo is attached the 
Trolley (y.u.) 

Tvomba (A/tiric). (1) Trumpet (^.v.) (2) A reed 
stop of b ft. pitch on Organs. See p, 441. 

Trombone {Mum), (1) A brass instniment. Sec 
Musical Instruments, p, 437, (2) A powerful 

organ reeil stop of 8 ft., 16 ft. or 32 ft. tone. See 
p. 441. 

Trona {Cliem,) A natarall 3 ’’ occurring compound 
of sodium with carbonic acid having the formula 
Na.^COs2NaHOO,.3H.p. It is obtained artificially 
by boiling a solution of sodium bicarbonate for a 
short time only. On cooling the salt crystallises out. 

(Mhi.) A hydrous Bo<iium carbonate and 

bicarbonate composition ; soda ■* 37*8, carbonic 
acid as 40 '2, water* 22 per cent. Mono-symmetric. 
Grey or yellowish. From Mexico and near E'ezzau* 
in Africa, in both of which localities it is worked 
commercially. 

Tropssolini {Chem,) Azo dye stuffs. The chief 
are: 

N^C^,SO,ONa(4) 

Tbopjeolin B, II , is the sodium 
N-C^H,K(OH3)s(4) 

salt of djmethylamidoazobenzeneparasulphonic acid. 
It is commonly called Metjiyl OrAnGe (jf-r.), or 
Helianthine, and is used as an indicator. See 
Indicators. 

N-*'-C^,SOj,ON»(4) 

Tbop.£olin 00, u " , tdso called 

N-^-^C3n*KHC,H3(4) 

Orange IV., Fast Yellow, etc., is flu orange yellow 
crystalline solid obtained by diazotising sulphanilic . 
acid and acting on the product with sn acid-alcoholic 
solution of diphenylamxne. It Is n valuable orange 
yellow dye for wool and silk, 

Xropasolin G is the same as the Last compound 
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except that tho sulphoiiic acid group occurs in the 
ineta-position, and it dies a yellower shade. 


Tnop.iioLiN O, 


N-*^C.H,SO,ONa(4) 



also called 


llcsoBCix Yellow, is a yellowish brown solid. Tho 
free aedd is nearly black, and has a green lustre. 
It is obtained by diazotising sulphanilic acid, and 
acting on the product with resorcin (tf.w.) It dies 
AYool and silk a golden yellow. 

N'”c„n.SO,ONa(4) 

Tkopjeolix 000 No, 1, " 

(0RA3IGE I. or Naphtiiol Obange), is a reddish 
brown powder. The free acid resembles the j>rc- 
ceding. It is obtained by diazotising sulphanilic 
acid and acting on the product with a-naphthol. It 
dyes wool and silk orange. 

Tbop.®olin 000 No 2 (ObANGE IT.) is a briglit 
orange colour. The free acid crystallises out the 
colour, but is red when anh 3 ’drons. It is 
obtained in tlio Stame way as the preceding com- 
{X>und except that ^-naplithol is used instead of 
a-napthol (tsee Naimitiiols), .so that the hydroxyl 
occurs at (2) in the nai»htlialcne ring. It is" a verj* 
important orange dye, and dyes a brighter colour 
than OB^OfGE I. j further it is not acted on b^' 
alkalis. 


Tropical Year (Ajiiro9i.') The period from one 
vernal equinox to the next ; it is nearly equal to 3G5J 
mean solar days Sec also Yeab. 

Tropic of Cancer (uUtrofL) The northern of^hc 
two circles on the celestial sphcjre wlio.se distance 
from the cqimtor is 27° 27^ 30'h cqiitilto the obliquity 
of the ecliptic. This northern circle touches the 
ecliptic at the sign Cancer^ hence tho name, I'hc 
sun’s annual path is by these two circlc.s. Sec also 
Tbopics. 


Tropic of Capricorn {Astroii,^ The soulhcrn of 
the two cir<;lcs referred lo under Tbopk’ of Cancer. 
It touches the ecliptic at the sign Caj)ricom^ hence 
the name. Sre also llioPics. 


Tropics (^Adron.) Strictly speaking, the two 
parallels of latitude 27° 27' .‘il)" N. and 8. of the 
Earth’s Equator. In ordinary usage the word is 
applied to the whole region lying between these two 
parallels of latitude : the region is more correctly 
termed the Torri<l Zone. These N. and S, parallels 
arc termed the Tropic of Cancer and of Capricorn 
respectively. 

cnoH 


Tropine (6%m.) 




A wbitc 


N.cn, 

crystalline solid (plates) ; melts at Cvl° ; boils at 
229° ; soluble in vrater and in alcohol, less soluble 
in et her. It contains two a.symmetric carbon atoms 
(those adjacent to nitrogen in the ring]), but it is not 
known in an active form, probably owing to a form 
of internal compensation. It exists in the cis- and 
trana- forms (see Stebeoisomebism), the second 
form being known as ^-tropine. Tropino and 
^-tropine can be converted into each other by 


oxidising them both to tro2)inone, the corresponding 
ketone. This ketone on reduption with sodium and 
alcohol gives ^-tropine, and on reduction with stino 
dust and hydroiodic acid yields tropine. ^^tropino 
melts at 108° and boils at 240°, The tropines are 
tertiary bases and secondary alcohols. Iheir acid 
esters are called tropeines. The formula for tropine 
shows that it contains : (1) A pyridine ring ; this is 
shown by the fact that ethyl i^yridine can be pre- 
jiarcd from it. (2) A pyrrole ring; this is shown by 
the fact "that trojiinic acid {sec Pybbole) can be 
prr 2 )arcd from it. (3) A seven carbon atom ring; 
this is shown by the fact that an unsaturated ring 
hydrocarbon tropilidcne, which i.s cycloheptatriene, 
cn^ - CII = Cll 

I 

Cll, can be i-krcpared from it, and 

II 

CTI := CH - Cll 

further tropine lui-s been synthesi.sed from this hydro- 
carbon. TJic importance of the Tropines lies in the 
fact that a number of imj)ortant alkaloids are 
closely related to them. See Atbopix'e, Cocaine, 
and ilYOSCYAMlNE. Tropine is i>repared by the 
hydrolysis of atrtq^inc or hyoscyaniino. 

Troppo {Mmiv). Too much, as Allegro ma non 
troppo — Cheerfully, but not too miioh so. 

Trough. A term of w-icle application, but usually 
signifying an oj.>en shallow vessel. 

{JiuUil.) A rain water gutter under the 

caves of a roof, 

{Met.) Tho Converting Pot or fireclay 

box ill which bars of iron iv a idaced for convcr»ion 
into steel by the cementation juocess (^.r.) 

TrouBBe {ArcUtcol.) A ca.‘<e holding a number of 
small utensils, hung frosn the girdle, and worn during 
the middle ages, (Y, Etui. 

Trowel. A tool consisting of a thin blade? of jrou 
or steel, triangular, oval, or oblong in shape, witli a 
rai.sed handle. Used hy biicklayers and mason.s for 
s]>rcading and dre.ssing mortar, etc. ; by pla^tCTcrs for 
finishing oil jdaster w'ork; and by monlder.s for 
smoothing and s!iai»ing the sand or loam forming 
a inoiiM. A gardener’s trowel is sfiouj) .shaped. 

Trowelled Work {iHast.) IT.astering tliat Is 
finished with a trow’el instead of with a plasterer’s 
float. 

Troy. See Weight.^ and Measures. 

Trs. {.Tyjjog,) See Transpose. 

Truck. (1) A low built vehicle, tray, platform, 
etc,, running on wheels. (2) A group of two or 
moie pairs of wheels in a frame, need to support 
ono end of a railway carriage or locomotive. See 
Bogie Truck and mider IIailways. 

{Laee Manvfac.) An antifriction roller or 

bowl ; used in conjunction with a “ cam,” or wh^Jb is 
known in weaving as a tappet 

Trumpet, Tromba {Mmie), (1) A brass instru- 
ment. Sre Musical Instruments, ik 430. (2) A 
reed stop on organs. See jp. 411. 

Truncated* Cut short ; the term is applied com- 
monly to a cone or pyramid the vertex of which has 
been out off. 

Trundle (.9/«£iV).^A roller used in the drawstop 
action in tho organ, _ See Musical Instruments, 

439. 
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Trunk En^e K,Eng.) An oM foim of engine in 
which the piston rod was a hollow tube, termed a 
Trunk, passing through stuffing boxes in both ends 
of the cylinder. The connecting rod was hinged to 
a pin fixed inside the trunk. 

Trunk Hose {Cost.) A garment something like a 
bag in shape covering the person from the waist to 
the middle of the thigh or the knee, where it was 
gathered in. Worn during the sixteenth and seven- 
teenth centuries, generally in conjunction with the 
jerkin. 

Trunk Piston or Plunger iEng,) A piston or 
plunger in the form dl a tul>e, with the connecting 
rod hinged to a gudgeon inside it. See Gas 
Engine, Petrol Engine, etc. 

Trunnion The short projecting axle or 

pivot on which an oscillating (rylinder, a heavy gun, 
Bessemer converter, etc., turns. 

Truss Builds etc.') A framed structure used 

to support a roof, etc. See Roofs. 

Trussed Shaft {Eny.) A long shaft which is 
stiffened by a series of parallel ro<ls, arranged on an 
imaginary tubc-like surface round the shaft, and 
fixed to it at their ends. As the shaft revolves, the 
rods which are at any instant in the lowest position 
are brought into tension, and resist the tendency of 
the sliaft to bend. 

Trussing iBny.) Stiffening any structure by 
means (;f rods herring as ties* and struts. 

Truth (Bng,y etc.) This word is used in 

many tra<les to denote accuracy, symmetry, etc. 

Truvat or Trivet* A small instrument fitted with 
a sharp steel blade used for cutting the loops of hand 
\vov<'n velvet and other Terry fabrics, bo as to form 
pile {y.v.) See also VELVET. 

Try Cocks (Bng.) Two small cocks fitted to a 
boilorf one being above, tlie other below, the normal 
water line. Ihey afford a means of ascertaining 
(a])proxiin.'itely) the level of tiie water if the gauge 
glass fail to act. 

Trying Plane {Carju and Join.') The form of 
j)lano used for finishing surfaces tliat have to be 
true nnd straiglit. See Pe-VNes. 

Trying Up <^Carp.^ etc,) A term equivalent to 

trueing up ” ; sliaping a piece of wood so that its 
surfaces are accurately plane, and its angles are 
right angles. 

Trypsin i^ooloffy). A proteolytic ferment found 
in tlie ]umcreatio juice. It diflCers from ijepsin iy.v.) 
in acting in an allmlinc medium. 

Try Square iBny., etc.) A Square Cq.v.) used 
for testing the accuracy of right angles on a piece 
of work. It consists generally of a steel blade set 
in and at right angles to a stock. 

T -lAots or Tee Slots (Bny.) Grooves in the tabic 
of a planing machine, etc., whose cross section is in 
the form of an inverted T *• the heads of the bolts 
used for holding down pieces of work on the table 
are passed into these slots. 

T*Square or Tee Square. A Square used 
chiefly by draughtsmen ; it is made of wood, usin Ily 
pear or mahogany, and has a thin blade, sometimes 
tapering on one side, and varying in length from 
1 to 3 ft., according to the size of drawing board 
with which it is to be used. 


Tuba (1) A reed stop on organs of 8 it. 

pitch and heavy wind pressure; also called 
mirahilie and ivba major, (2) A brass Instrum^^t 
of the bombardon species, ^e MusicA!^ Instru- 
ments, p, 438* 

Tube etc.) A general name for pipe of any 
description, excepting that made of cast iron* 

Tube Cleaner {Bng.) A scraper or a brush, on 
the end of a long thin rod, used for clearing out the 
tubes of a boiler. 

Tube Cutter. A tool by means of which tubing 
can bo cut. The most usual form consists of a 
curved holder which grips the tube, and a sharp 
edged circular cutting wheel, wliich is pressed against 
the tube and moved gradually round it, making a cut 
in the metal as it travels. 

Tube Drawing (Bag., etc.) The process of making 
tubing by drawing it through a steel plate furnished 
with holes of suitable size. The closing up of the 
joint may be effected in this process, or the joint may 
be brazed or welded previously. Solid drown lubes 
are produced either by forcing the metal through an 
orifice, a mandrel or “triblet” being fixed conceil'- 
trically so as to produce the bore of the pipe, or else 
by taking a short, thick cast tube, and elongating it 
)>y the process of drawing. 

Tube Expander CBitg.) A tool used for widening 
Ibe ends of jnetal tubing by means of pressure applied 
to the inside of the tube. Used esj^cially in fixing 
the ends of boiler or surface condenser tubes in the 
tubes plate (g'.tr.) The holes in the latter are bored 
out to fit the tube ; the end of the former is placed 
in the hole, and then expanded sufficiently to cause 
the to grip the end of the tube firmly and so 
hold it in i)osition. 

Tube of Force (Bled.) Consider an area on 
winch there is a charge of electricity : let lines of 
force (q.r.) l>e drawn from every i)oiiit in the boundary 
C)f Ihi.s area; they w'ill form a tubular suifuco, which 
i.s known as a Tube of Korce. If the area coutain 
a unit charge, the tiib<) is termed a Unit Tube. Tie 
end of a tube of force is an area containing a charge 
equal in amount but opposite in bigu to that on 
which the tube commenced. 

Tube Plate {Bng.) The i>late which carries the 
ends of the tubt;s df a boiler or surface condenser. 

Tube Tice or Pipe Tice. A clamp fixed to the 
bench, etc., used lor holding pieces of tube while 
being cut or Bcrcwed. 

Tube Wrench. A form of wrench (g.v.) with 
serrated jaws caj^able of gripping a piece of pipe 
firmly, in order to screw it up into a socket, etc. 

Tttbintf {Eng., etc.) A tei-ra applied in enpneer- 
ing chietTy to pipes of otlier material than cast iron — 
e.g. wrought iron, steel, bra.«s, copper. It is dis- 
tinguished as “bolid drawn” when made without a 
scam ; if made with a seam, the joint is brazed, 
welded, soldered, or in some few cases riveted. 

Tub Sizing {Paper Mamfac!) The process of 
sizing paper, after it has been made, vrith gelatine. 

Tubular Boiler {Bng,) A geneyml term for a 
boiler having a number of tubes. ^ Boilers. 

Tubular CompaBB {Surveying), A compass needle 
mounted in a tube, and so arranged that it can be 
read by looking through the tube, as lu a telescope, 
instead of over tJie nei^le as usual. 
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Tubular Ckitnpaitei. Oompassea whose legs are 
formed of two (or more) pieces, one sliding inside 
another in the manner of a tele^pe, so that they 
can be lengthened at will. 

Tubular Girder i^ng.) A hollow girder, whose 
cross section may be either rectangular (Box Girder) 
or curved. 

Tucker ((hs/.) A piece of linen, lace, mnslin, or 
other light fabric shaped or arranged to cover the 
neck and shoulders ; worn especially during the 
seventeenth and eighteenth centuries. 

Tucking In or Under {Fimndry), Bamming the 
sand underneath the lowest parts of a pattern daring 
moulding. 

Tudor {Aroliitect.) See Pebpekdiculab. 

Tudor Flover (Architect) An ornament resemb- 
ling the lleur-de-lys, used as a cresting in Perpendicu- 
lar Gothic work. 

Tudor Bose (ArMtect.) See Rose* 

Tue Iron (A%y., ete,) A Tutbbe (g.v.) 

Tuff or Tufa (Geot) A term originally applied 
to pumice stone or a similar light porous lava ; it is 
now used of rocks composed of somewhat fine frag- 
ments (such as the dust, ashes, and stones from a 
volcano) which have become more or less con- 
solidated. Sec alto Aoolomebats. 

Tula Work* See Niello. 

Tulip Woods* See Woods. 

Tumbler* (1) A kind of spring latch forming 
part of a lock. It detains the bolt, until the keg lifts 
it and sets the bolt free. (2) One of a set of levers 
from which the heddles (^.v.) are suspended in 
certain forma of loom. 

—— {Leather Ucmvfao,) A tenn applied to a 
drum in which leather is tumbled to soften or 
retan it. 

Tumbler Bearing (Fng.) A form of bearing used 
to support the long shaft which drives a travelling 
crane. It is movable, and is displaced as the 
mechanism of the crane passes it, aftejwards re- 
turning to its original position. 

Tumbler Lock* A lock furnished with a set of 
discs or latches which must undergo some arrange- 
ment with regard lo each other before the bolt can 
be moved. 

Tumbler Tank {Pl^mh.) A fiusbing tank fitted 
with an oblong receiving vessel which is divided by 
a central cross partition. The receiver is pivoted 
and fitted in such a manner that when a quantity of 
water has run into one of the two compartments it 
tilts and discharges its contents, bringing the other 
compartment into position to be filled when the 
operation is repeat^^i. 

Tumbling Bay {OivU JS^., etc,) A form of weir, 
used in estimating the quantity of water which 
passes over itself In any given time. If the water 
flows over a horizontal erige of breadth b and the 
depth of water over the edge then the total in 
cubic feet passing over per second is Chhk where C 
is a constant which may be found by experiment. If 
the water pass through a V shaped notch, and h 
be the depth of water above the lowest point of the 
V, then Q « Qhi where C is ^ain a constant deter- 
mined by experiment. 


Tnmultti {Arehmt) A prehistoric burial mound* 
Tungatatei ( Chem^) See Tdnqstbk. 

Tungitoa (67te4a.) W. Atomic weight 180. (Also 
called Wolfram.) A rather rare metid belong!^ to 
Group VI., Series 10, of the Periodic System. It Is 
steel grey in colour ; has a very high unknown melt- 
ing point (far above that cl platinum); specific 
gravity about 19 ; oxidised in air only at a red beat ; 
slowly attacked by water containing carbonic acid ; 
aqua regia oxidises it to the trioxide; when finely 
divided it is dissolved by boiling caustic potash, 
forming a potassium tungstate and liberating hydro- 
gen. Tungsten occurs as Shheelite (^.v.) and as 
Wolfram (ff.r.) {CaWO^ and 2FeW04.8MnW0j 
and In some rarer minerals. The metal is obtained 
from the trioxide by mixing it with sugar charcoal 
(800 W0^:800) and beating the mixture for ten 
minutes in the electric furnace (900 amp. and fiO 
volts). Tungsten alloys with iron to form tungsten 
steel, which is very hard and retains magnetism 
better than ordinary steel. Tungsten Tbioxide, 
WO,, is a yellow powder; becomes orange when 
heated ; turns greenish on exposure to light (redac- 
tion?); insoluble in water and acids; reduced by 
beating in hydrogen, first to a blue oxide of 
uncetiain formula, next — at dull redness — to the 
dioxide WO«, a red brown powder, and at higher 
temperature* still to the metal. It dissolves on 
warming with solutions of alkaline hydroxides 
or cark^nates forming tungstates* It is prepared 
from Wolfram by prolonged digestion with hydro- 
chloric acid to extract the iron and manganese — 
the acid is renewed from time to time and at last 
a little nitric is also added ; from the residue tungstic 
acid is extracted by ammonia, forming ammonium 
tungstate, which is crystallised and finally heated 
when the trioxide remains. Tungsten trioxide is 
called by minenilogists tungstic acicL Ciilobides: 
The hexiichloride WOl, forms dark violet crystals; 
melts at 275^; boils at 847^; it is obtained b;^eat- 
iiig the metal in excess of chlorine in absence of air 
aiid moihture. The pcntacliloride WClj is obtained 
by distilling the hexacbloride two or three times in 
a current of hvdrogon ; it melts at 248^ ; boils at 
276®; forms blacik needles or a green powder. ITie 
tetrachloiide WCI4 is a deliquescent grey brown 
crystalline powder, dccomposcci by healing into the 
pentachloride and dichloride; it is obtained by 
distilling a mixture of the two former chlorides in 
a curient of carbon dioxide. The dichloride WCl, 
is H grey powder obtained by heating the tetra- 
chloride in a current of carbon dioxide. Two 
oxychlorides, WOCT4 and WO,Cl^ are known. 
TTjnostio Aoids and Tungstates; Tungsten tii- 
oxide combines with water in many different pro- 
portions to form tungstic acids; it also unites with 
acid oxides and water to form complex acids such 
as silicotunptic acids, phosphotungstic acids. Ortho- 
tungstic acid, H,WO« is a yellow solid pracycally 
insoluble in water and aoids, and obtained by boiling 
the trioxide in caustio soda to form a tungstate, 
which is then decomposed by boiling with hydro- 
cblorio acid. Metatungstic acid is U^W^OiJH^O. 
Paratungstates are den\edfrom the unknown acids 
H.WyO^ and H|oW„04i; many tungstates derived 
from other acids than these are known. Only a 
few compounds which find application are described 
below. Sodium Pabatungstate, Nai9W„0^,2«Hj0, 
is the onlinary commercial sodium tungstate; it 
forms white efflorescent crystals and is used to make 
cotton and linen uninflammaUe ; it is obtained as 
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a pcodnct in the ejctraction of tin (^.^.) from itn 
ores when these contain tungstmi^ and it is also 
made by fusing wolfram with sodium carbonate, 
extracUng tlie melt with water and crystallising. 
The tungsten bronzes are obtained by reducing 
sodium tungstates in various ivays, as by heating in 
hydrogen, or with tin, or iron, or by electrolysis ; 
they have metallic lustre, are insoluble in acids and 
alkalis, soluble in sodium hypochlorite, and with 
ammonia and silver nitrate they give silver and 
tungsten trioxide, but those rich in the trioxidc 
require heating with these reagents in sealed tubes. 
A blue bronze, KajWsOif, is obtained by melting 
sodium paratiingstate and electrolysing with six 
Grove's cells ; it is a good conductor of electricity ; 
the purple red bronze, is best obtained by 

melting together 12*6 parts of sodium carbonate and 
68-9 parts of tungsten trioxide for about half an hour 
and extracting the product successively with water, 
caustic soda, and hydrochloric acid, rotassinm only 
forms one bronze. Phosphotunostio Acids : The 
various tungstic acids unite with orthophosphoric 
acid to form a series of complex acids : the existence 
of acids formed by the union of 12, 16, 20, and 24 
molecules of tungsten ttioxidc with one molecule 
of phosphorus peutoxide seems to be certainly estab- 
lished. Phosphoduodeoitungstio acid + 

25 to 30 HjjO) is obtained by dissolving sodium i>ara- 
tungstate (500 grs.) and ordinary sodium phosphate 
(250 grs.) in water (500 c.c.), boiling, and aading 
concentrated hydrochloric acid (750 c.c.) ; the liquul 
is evaj^)orated to crystallising point, allowed to cool, 
and shaken with ether. The lowest layer is sepa- 
rated, the ether driven off, and crystallised. It forms 
nearly colourless efflorescent crystals; soluble in 
water. It is used as a precipitant for alkaloids, 
proteids, urea, ptomaines (putrescine and cadaverine 
especially), and many of the splitting products of pro- 
teids such as the diamino-acids and phenylalanine. 

Tungstic Ochre (Mm.) Also called Tungstite and 
Woltramiiie. An oxide of tungsten, WOL ; tuugsten 
*79*3, oxygens 20*7 per cent. It is of a light yellow 
colour, usually pulverulent, and occurring as a 
coating in Wolfram or Scheelite as a result of their 
decomposition, hence its localities are those of these 
two minerals. 

Tungstite (Jl/wi.) See Tcngstic Ochre. 

Tunic (<W.) A garment shaped something like 
a shirt and worn either inside or outside other 
garments. The tunic was commonly worn by the 
Eomans of either sex; that of the Roman senator 
was distinguished by having a broad vertical purple 
stripe (Jatus elavis} over the breast. 

Tuning Fork (Smnd, Music) , A U shaped fork, 
usually of tempered steel, having a stem projecting 
from the base of the (J which serves as a handle. On 
being set in vibration (by striking, bowing, etc.) a 
nearly pure musical tone is emitted ; as the pitch 
of tj^is tone varies only slightly with temperature, 
a tuning fork is very useful as a standard of pitch, 
and for many scientific purpose* For musical piir- 
p:)ses forks are most commonly tuned to A or C. See 
Pitch (Music), 

Tunnel (Civil Ih%g[.) An underground passage 
excavated horizontally (or nearly so) in order to 
accommodate a railway, road, canal, etc. The wall 
and roof are supported by arched masonry (except in 
certain cases when the rock can stand alone without 
support); this masonry, termed the Likxkg, is 
usually contiaued under the floor of the tunnel, form- 
ing a complete tabular arch. Drainage is efflected by 


side channels on the floor, or by m. culVek running 
below the formation leyel ; ventilation is . elected iA ' 
long tunnels by shafts, or if these are 
(as in the Bt. Gothard Tunnel) by fans. 

Tnniicl (Marine Enp,) The hoUow passage between 
the engine room and the stempost, through vdiioh 
the propeller shaft of a steamship runs. 

— (jtfiainy). See Amr, 

Tunnel Bearings (J^epO Those hearings of n 
propeller shaft which are placed within the ttunneL 

Tup (Mug,) (1) The main mass of iron forming* 
the head of a steam hammer ; it carries a steel block 
on its lower side wbioh forma the actual face of tto 
hammer. (2) A ram. 

Tnrban ((bsf.) The distinctive headdress worn by 
men in kloslem countries. It consists of a shawl or 
SGSurf, varying in colour, wound round a tarboosh. 

Turbine (Eng,) A turbine is a motor in which 

rotary motion is obtained by the gradual change of 
momentum of a fluid ** (Xeilson). It consists 
typically of a set of fixed vanes or blades, termed 
Guide Blades, which direct the motion of the fluid 
BO thgit it impinges upon another set of vanes carried 
by a revolving axle, the whole mechanism being con- 
tained in a casing of suitable form. Turbines may 
be classified, according to the direction of flow of the 
fluid, as (1) llJLDlAL FLOW TURBIXBS, In which the 
fluid diverges from the axis (Outward Flow), or 
converges to it (Inw^abd Flow), and (2) AxiAU 
Flow Turbines, in which the motion of the fluid i» 
parallel to the axis. A third type, or Mixed ITlow" 
Tcisbxnes, includes machines in which a combination 
of those forms is used. 

Watbb Turbines,— These are most commonly 
radial flow machines, though for a small head of water 
(e.g, less than 30 feet) a parallel flow turbine, such 
as those of Fontaine and Jonval, is very suitable.. 
The efficiency of these is about 70 per cent. Out- 
ward flow turbines are said to be unsteady in notion^ 
but their efficiency is higher than the preceding,, 
sometimes attaining 88 per cent. One of the best 
known forms is that invented by Foumeyron. In- 
ward flow turbines have been designed by Swain» 
J. Thompson, and others, and have an efficiency in 
the best examples of nearly 90 per cent. 

When the head of water exceeds .100 feet, a 
different type, the Impulse Turbine, is advisable. 
In this form the passages are not full of water, as in 
the ordinary turbine, but the water rushes with high 
velocity through a series of Jets or nozzles end 
impinges on suitably shaped blades. The Girard 
turbine has been suocessf ally used under a bead of 
650 feet. The FELTON Wheel has vanes formed 
into pairs of cups or pockets, the jet impinging on the 
edge separating two cups and dividing into two^ 
parts. A Felton wheel is used at the Comstock mine 
in Nevada, with a head of over 2, COO feet, the 
peripheral velocity of the wheel being 180 feet per 
second. The efficiency may reach 80 to 85 per cent* 
under favourable circumstances. 

Steam Turbine. — The steam turbine, ^ough the 
most modem form of the steam engine in practice,. « 
is the most ancient in actual histoacjr, the gem of the 
invention dating from Hero of Alexandria, in the 
second century B.C. No further invention is recorded 
until the engine of Branca (1629), in which a jet of 
steam impinged on a wheel with vanes-^a device 
which is the parent of the modern engine of De Laval. " 
Other inventions are due to Kempeln (1784), Watt 
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(i784), Sadler (1791 >, Trevethick (1815), Ericsson 
(1830), and Perkins (1836) ; but tlie steam turbine 
in practical work begins at the time when the Hon. 
C. A. Parsons, P.K.S., carried out successful experi- 
ments in 1881. An engine of 10 h.p. made at this 
time to drive a dynamo was in actual work for some 
years, and is now to be seen in the Museum at South 
Kensington. This is a parallel flow turbine, having 
a aeries of wheels carrying the blades, all being 
mounted on one shafts the sets of guide blades 2 >ro- 
jectiug inward from the cixse. The steam passes 
from one wheel to the next in succession. By the 
year 1888 a number of parallel flow turbines, all 
being non-condensing, were in use for driving 
dynamos, the total horse-power amounting to about 
4,000, In 1889 a temporary reverfion to the radial 
flow type was made for reasons associated with the 
patent situation ; in 1892 condensevs were added, 
thereby for the first time rendering turbines com- 
parable with piston engines with respect to steam 
consumption, and a number of large turbines were 
built for electric lighting stations at Cambridge, 
Newcastle, Scarborough, and London. 

The most modern steam turbines adopt the method 
•of parallel flow, which has ad\antages over the mdial 
flow typo in simplicity of con.^tniclion. The general 
arrangement of the blades in the Parsons turbine is 
shown in Fig. 1, the moving 
blades being light, the fixed \\ 
or guide blades dark. ^ 

Of a different type is the ' ^ “ ' “ ' 

turbine of De Xaval, men- 
tioned above. The steam 
emerges from a scries of 
nozzles and strikes agaill^b J 

vanes mounted at the peri- ^ A./, A. 

phery of a single disc ( Fig. *2\ Fio. X. 

which revi»lves at an enor- 
mous velocity — c.y. 30,000 revolutions per raiiiuto 
in a small engine* The shaft carrying the iuibiiie 
wheel is flexible, and carries specially designed gear 
wheels by which the sjjeed is reduced to a suitable 
amount. Do Lavars work Wtas undertaken at just 
about the same time as Parsons’; and while the 
Do Laval turbine is not built in large sizes, a number 
of features, notably tlie diverging nozzle, Jsave bec.n 
employed in other types, and have had a most 
important influence on steam turbine development. 
Other forms of turbine are being rapidly iutrotlnced, 
one of the best known being the Ciurtis turbine, in 
which the steam approaches the first ring of blades 
through inclined nozzles, and afterwards passes 
through a series of fixed and moving blades alter- 
nately. The Curtis turbine has been developed to 
the wildest extent in accordance with vertical shaft 
designs, with the condenser immediately below the 
turbine, and con- 
stil uting an integral 
part of the machine. 

The chief appli- 
cations of the steam 
turbine, up to the 
present have been 
to the driving of 
dynamos and to the 
propulsion of ves- Fio. 2. 

sels. In the former 

case the shaft of the turbine is coupled directly to 
that of the dynamo, which is specially designed to 
fcuit the high speed of rotation. The marine employ- 
ment of the turbine dates from the little experi- 
mental vessel U'-urhinUif whicb^ though of only 44 tons 



displacement, attained a speed of 34j^ knots. Turbine 
engines have since been fitted to vessels of larger 
and larger dimensions, tip to ocean liners and battle- 
ships, with extremely promising resultl. Turbine 
engines have also been applied in various other 
ways, e.g, to the driving of fans and blowers. 

Many experiments have been made with a view to 
applying the principle of internal combustion, as 
used in gas and oil engines, to the turbine. No 
{uactical success has yet been attained, but it is 
by no means impossible that the difliculties may 
ultimately bo overcome. 

Tnribulam. A thurible 

Turkey Red. See Dyes aud DrEixa. 

Turkey Umber (Deo,) This name is given to one 
of the finest qualities of umber because, although 
mined in Cyprus, it was formerly taken to Constan- 
tinople for export. Turkey umber resembles the 
umbers generally in composition, being chiefly com- 
posed of the hytlrated oxides of iron and mauganeso. 
The fact that the umbers (Contain considerably more 
of the latter oxide than the ochres do is the reason 
of the separation of the two classes, ochres being 
yellow and umbers brown, Turkey umber has a 
]>articulaiiy warm violet brown colour, for which it 
is highly valued. Its nearest equivalent is probably 
the Irish umber known as Cappagh browm. It is 
found that the addition of a little lamp-black to 
many of the second rate umbers makes them some- 
thing like Turkey umbcT, and this adulteration is 
therefore practised, and has to be guarded against. 
Like the umbers gcncrall}', Turkey, or as it is some- 
times called, Cyprus umber, can have various shades 
imi)arted to it, in i>lace of its natural colour, by heat. 
The inton&ity and duration of the heat arc varied 
according to the result desired ; but while the natural 
warmth of the colour can be enhanced by moderate 
heat, it is irretrievably lost on o\erheatirig. 

Turmeric. This consists of the roots of at ieast 
two species of plants — Curcuma long a, an East Indian 
Ijlant belonging to the ginger family, and Camia 
Mpeciosa^ a West African shrub. In this country, 
however, all the turmeric is of East Indian origin. 
The roots come on the market either as ‘‘ bulbs ” or 
“litjgers.** The roots are brownish yellow' oiitsido 
and yellow wdthin. The fingers are from 20 to 32 in. 
long, and the bulbs are sometimes 18 or even 20 in. 
in diameter, and cither sj^jberical or egg shaped. The 
roots yield on distillation an ethereal oil having a 
spicy taste and smtdl. They are sold as such or in 
i>o\vder. In the latter case they are often adul- 
terated with ochre and other mineral yellows, wdneh, 
however, are at once detected by their great weight 
when the powder is stirred up in water, or by the 
amount of ash left on burning a sample. This will 
not exceed 6 per cent, with genuine turmeric. Tur- 
meric is still to a small extent employed in dyeing 
textiles, in spite of its looseness both to light and 
washing. What small amount of use it still flntls in 
this direction is due to the fact that it is a direct 
dye for wool, silk, cotton, and all other fibres, going 
on quite as well without a mordant as with one, and 
that the yellow is very bright. Turmeric^ cau be 
u.scd to shade faster colours, by which it is after- 
wards to some extent protected. Like the dye wocxls, 
it is used in the form of decoction, but it is wasteful, 
as the colouring matter known as curcumine is only 
sparingly soluble, even in boiling water. Turmeric 
also Bn 2 >plies the chemist with a test paper second 
in value to litmus paper only. Coarsely powdered 
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turmeric root is digested in strong spirits o£ wino 
for a few days in a warm place. The spirit dissolves 
out the whole of the curcumiae, and assumes a deep 
orange yellow colour. Blotting paper is soaked in the 
tincture, and then dried and cut up. The resulting 
slips are unaftected by acid liquids, but assume a 
deep chocolate brown when dipped into alkalis. 
What is still more important, they behave to boric 
acid as if it were an alkali, and if a solution turns 
blue litmus paper red and yellow turmeric paper 
brown, the presence in it of boric acid is practically 
certain. One illegitimate use of turmeric is to colour 
mustard wdiich has ha<^l its colour diluted by adul- 
teration with starch. The characteristic behaviour 
of turmeric to alkalis which do not alter the colour 
of genuine mustard at once betrays the fraud. 
When powdered turmeric is adulterated with starch, 
as sometimes happens, a microscopic examination 
will at once reveal the fact to any one acquainted 
with the microscopic appearance of starch granules. 
Again, a very weak solution of iodine in solution of 
potassium iodide has no effect upon genuine turmeric, 
but turns a sample adulterated with starch blue 
immediately. — A. S. J. 

Turn See Ornaments (J/wsw), 

— or Turns etc,') See Turns. 

Turnbull’s Blue {Chem.) Fe'' . Fo''', 
(Fcrroiisferric, ferrocyanide). A blue solid with a 
coppery lustre : the air-dried product contains about 
28 per cent, of water; insoluble in water and in 
dilute acids ; on heating it gives Prussian bine and 
ferric oxide; boiled with potash it gives hydrated 
ferrosoferrio oxide and potassium ferrocyanide : 

FcW''a{Fe(CN)«}.. + = 2K,Fc(CN)6 + 

{Fe(OIl), + Fe,(OIl)6} 

It forms a constituent of commercial Prussian blue. 
It is obtained by precipitating potassium ferrocyanide 
witli a mixture of ferrous and ferric sulphate, also 
by ailing potassium fcrricyanide to an excess of a 
ferrous salt such as ferrous sulphate — in this case 
the fcrricyHiiido oxidises a part of the ferrous salt to 
the ferric salt, and is thereby reduced to feTTocyanido 
when the reaction becomes the same as before. 

{Dec.) TurnbuUs blue was discovered by 

Gmelin, but it is named after a colour maker who 
lu-cpared it as his own invention. Tunibuirs blue is 
a pigment suitable for use either as a w^ater or as an 
iron colour. Its colour, a violet blue, that of Prussian 
blue having a greenish shade, is not very briglit, and 
is far from permanent, as it turns brown gradually, 
like Prussian blue, on exposure to the air. It is also 
ex;)cnsive to make, as red prussiate of potash from 
which it has to be mado is much dearer than the 
yellow prussiate. Hence, Turnbuirs blue is now^ 
rarely used. 

Turned Sorts i^ypeg.) When a work or job 
requires the very frequent use of a particular letter 
or it often happens that the stock is pre- 

maturely used up, and as a tempomry expedient the 
compositor turns a letter of the same thickness with 
the foot of the sliank upwards and the face down- 
wards, which turned sort is easy to be seen, and is 
afterwaids rectified. 

Turner etc^) A workman employed at the 
lathe. 

Tomer Jenny Spinmng,) See Doubling. 

Turnery* (1) The shop in which the lathes are 
situated. (2) A trade term for various wooden 
articles produced by tiuming 


Turning etc,) The sliaping of whrk i^ the 
lathe. 8uch work is usually cylindrical in sect^on^ 
but not always so — ^for example, plane surAtoea, 
profile is not necessarily circular, can be 
by the operation of SuBFAClNG (y.r*) Tamed’ work ^ 
varies greatly in nature and in size, from the smallest 
pivots used in a watch to immense pieces of ordnance 
or the turntables (y.v.) used for railway work. The 
accuracy obtainable in turning exceeds that which is 
attained by any other machine tools. 

Taming Bar (Build.) A Cuimnlt Bab (y.i?.)* 

Turning Chisel. A chisel whose ontting edge is 
oblique, i.e. not at right angles to the length or main 
axis of the tool ; used in turning the softer woods in 
the lathe. 

Turning Gouge. A gouge used in roughing out 
most soft wood when turning, as well as in finishing 
off concave portions of the work. Tlie profile or out- 
line of the cutting edge is usually rounded off, i.c. it 
forms an arc of a circle, whose radius varies with the 
size of the gouge. 

Turning Moment or Torque. The Moment of a 
Couple (q.v.) which acts on a body and j>roduccs a 
tendency to turn. See aUo Moment ov a Force. 

Turning On (Silk Manufac.) See Beaming. 

Turning Over (Moulding). The method of 
moulding in which each half of the mould is rammed 
up separately as distinguished from Bedding In, in 
which the lower half of the mould is fixed, the sand 
being pressed round the pattern fi-om above. 

Turnings (Eng.) The shavings and fragments 
removed during turning. 

Turning Saw (Carp, and Join.) A narrow bladed 
saw adapted for cutting along a curved line. The 
name is sometimos applied to a Bow Saw or a 
Compass Saw (q.v. under Saws). 

Turning Tools. For soft wood turning the chief 
tools are the Turning Gouge an<l Chisel (q.v.) For 
bard woods other forms of chisel and gouge are 
used, as well as tools resembling those used for 
turning the softer metals, such as brass. Metal 
turning tools are made with stronger blades or shanks, 
and with cutting edges at an obtuse angle. Tho 
actual profile of the cutting edge varies greatly ; in 
tho Graver and Diamond Point it is triangular 
or pointed; in PiOUNU XosB tools it is rounded ; in 
Side Tools the cutting edge is on the side, and 
pamllel to the length of the tool ; Parting Tools, 
used for cutting through a piece of metal in the 
lathe, are very narrow. Slide Rest Tools vary 
greatly in the form of tho cutting edge, but are 
forged with a square shank by which they are held 
in the slide rest. 

Turning Up (Bmd.) The process of making the 
back of a DOOK in boards assume a fiat position for 
the purpose of cutting the foredgo ; effecte^l by means 
of tiindles. See Tbindle and Bookbinding. 

Turapin (Plunib.) A cone shaped piece of bard 
wood, used for opening the ends of lead pipes. 

Toma or Turn. An old name for a lathe; still 
applied to a w'aiohmaker’s lathe, which is a small 
dead centre lathe. 

( Mvm ). See Ornaments, jp. 478. 

Tamsomw. A Screwdriver ^.vJ) 

(Typog.) A small flat piece of steel usually 

oval in form used for fastening oi unfj^stening the 
slide screw of a composii^ stick. 
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Tamsote A red dje formed by fer- 

mentation of the leaves of ChrozopUora UmrtoriA 
(order, MaphorHoGeiB), a native of Grand Gallargues 
in the south of France ; has been used for oenturies 
in the cheese industry in Holland. 

Turntable iJShff,) A circular revolving platform 
on which a locomotive, etc., can be plac^ in order 
that it may be reversed, or shifted from one line of 
rails to another. The table has a central pivot, and 
is also supported at its circumference by wheels or 
rollers running on a circular ring. 

Tam Up {Plumb.') The part of a lead or zinc" 
gutter turned up so as to rest against the wall. 

Turpentine {Ihe.) The word “ turpentine ” is used 
in two senses. It may either mean the crude exu- 
dation of certain coniferotis trees or the more 
volatile moducts of the distillation of these exuda- 
tions. The latter is more properly called oil or 
essence of turpentine, and it is proposed in this 
article to deal with crude turpentine and oil of 
turpentine separately. 

Crude Turpentme . — Almost all Conifer a yield this 
product, but only a few of them yield it in sufficient 
quantities for commercial exploitation. Tlie chief 
varieties of crude turpentine, each with its conifer 
of origin, arc as follows : 


Xaiiie. Tree of Origin. 


made on either side of an imaginary line dram 
vertically on the trunk and incline towards the line 
80 that the exudations from all the cuts will meet 
and pass to a common reoelver. It is of great im- 
portance, however, that the turpentine should be 
frequently collected and, if not at once distilled, put 
into receptacles where it is shielded from the air. 
Exposure to the air gradually hardens and coagu- 
lates the turpentine, and as this hardening takes 
place solely from the resinification of the oil, it 
means loss of the most valuable constituent of the 
raw product. 

The period during which § tree can be tapped 
various considerably, and depends a good deal upon 
the age of the tree when the tapping was commenced. 
It probably averfiges about twenty years. In France, 
where the exploitation of turpentine is very scientifi- 
cally carried out, the trees are first tapped when 
about twenty-five years old, and are usually exhausted 
in twenty years, although there are instances of 
much more prolonged vitality. In America the 
state of affaiiB is practically the same. The annual 
yield of a tree may be put as averaging 15 to 16 lb. 
per annum. 

Oil of Tubpextine.— T his is prepared by dis- 
tilling crude turpentine with water until no further 
distillate passes over. In the condensers the oil 


Keinarks. 


American 


French 

German 


A. Common Turpentine. 

Pinm palu*trii< or awtralie^ 
the long leaf or yellow 
pine 

P\nue pinaister or maritima . 

Ptnus ayUetftrie 
„ Tvtundaia 
„ niff r a . 

Picea vulgaris 



Thickly flowing. Yields up to 17 per cent, of oil of 
turpentine. 

More titiid than American. Yields up to 25 per cent, 
of oil. 

Semi-fluid, tough and sticky with an unpleasant smell, 
Completely soluble in alcohol. Yields up to ijji) per 
of oil. 


Yenico 


B. KaBEB TuBPEKTINEa 
Lwrix decidua 


Hungarian . 


Pinm gmmilio or nigricaTis . 


Carpathian =» Finus cemhra 
Cedar Balsam . 

Strassburg . , Abies alba ox peotinata , 


Canada Balsam , 

Cyprus or Chian 
Turpentine 


Abies canadensis or balsa- 

mea 

Pistacia terebinthim and 
P, tera .... 


Milky when first drawn but clears soon afterward*^. It 
is colourless or i>rownisli. bitter and with a not un- 
pleasant smell. Dries slowly. Yields from lb to 28 
per cent, of oil. 

Clear. Tale yellow and thin and with a hot aromatic 
smell and taste. 

Thin, colourless, and smelling like juniper. Taste bitter 
and spicy. 

Very thin, yellow or brown, and dries easily. Very bitter 
and wdth a lemon-like smelL Not wholly soluble in 
alcohol. Yields about 25 per cent, of oil. 

Thin, pale yellow, with a pleasant smell and sharp 
aromatic taste. Dries rather slowly. 

Clear or slightly turbid, and of a greenish yellow colour. 
The taste is .^picy, and the smell resembles that of 
fennel. It is fully soluble in ether. • 


Turpentine is obtained by cutting into the wood 
through the bark. The resin which then exudes is 
collected either in a cavity scooped out in the tree 
itself or in a pot or other vessel fixed to the tree in 
such a position that the liquid will flow into it. The 
collection of the turpentine generally takes place aH 
through the summer, but spring is harvest time 
jn North America. The exact method of catting the 
trees varies greatly. In many* places the cuts are 


floats on the top of the water, and is therefore easily 
separated from it. The residue in the stilt is resin 
or colophony, which is either used in this form oris 
separated into resin oils and pitch by another dis- 
rillation at higher temperatures. 

Oil of turpentine is mainly a mixture of various 
terpenes, and varies ia its nature according to tbe 
tree from which the crude turpentine was obtained. 
The terpenes are polymers of CtHg, some having the 
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IcmntiU CioH» axA some Jhitit chemicftl 

^Kmstitutioii fi praetioally unknown, but they are 
mm^TGUBf and no two oils of turpentine agree in the 
temnea they contain, although in most cases this 
dinerence does not affect the practical emplo 3 *ment 
of the oil. The following are some particuliurs about 
the turpentine oils most largely used : 

AfHeriea».^ThiB has an average specifio gravity 
of from *86 to *87, It is nearly always deztrorota* 
tory, but In some cases it is slightly hevorotatory. 
It boils at about 158^ C., and almost the whole (90 
per cent, at least) should distil below 165^ 

-PrwicA.— I’racticallje the only difference between 
this and the American oil is that the French product 
is invariably Isevorotatory. 

man.— This is again dextrorotatory, with about 
the same gravity, .bnt a somewhat higher boiling 
point than the American oil. 

Kussian oil of turpentine is the heaviest 
of all, having a specific gravity approaching 0*875 
or even 0*88. It is dextrorotatory, and boils between 
170^ and 175** C. Its disagreeable and pei'sistent 
smell is a great bar to its use. Were it not for this 
its chejipness would secure for it a far larger con- 
sumption. 

The chief use of oil of turpentine is for thinning 
oil varnishes. It is impossible to thin them with 
oil, as the time of drying would thereby be unduly 
lengthened. Turpentine oil thins the varnishes till 
they can be easily applied with a brush without 
X)recipitating them, and as ib is volatile the diluted 
varnish dries as quickly as the undilnted. Turpen- 
tine oil is also used to some extent in medicine in 
the treatment of bronchitis, and as an anthelmintic, 
as well as externally as a rubefacient. The pharma- 
ceutical terebenum is prepared by the treatment of 
rectified oil of turpentine with sulphuric acid. The 
acid destroys the optical activity of the oil, whether 
it is dextro or lasvorotatory, and is then removed by 
repeated washing with water. 

Th8 chief adulterants of oil of turpentine are 
petroleum and resin oil. Both arc easily detected 
on distillation. If the oil docs not begin to boil 
below 155° C\, and leaves practically no residue after 
prolonged exposure to a temperature of 105°, it may 
be considered pure. Oil of turpentine is itself em- 
ployed as an adulterant of many essential oils. It 
may be mentioned, in conclusion, that the separation 
of oil of turpentine from the natural resin exuding 
from pine tiees is an operation at least 1,200 years 
old. ft is mentioned by Marcus Grsecus in the eighth 
century in a work entitled Ziher ionium ad 
burendiMi hoHtei. This may be rendered *^A work 
on fires for burning up your enemies.”— A, S. J. 

Turpetli Minepal {Chem,) A basic sulphate of 
mercury formed by boiling mercuric sulphate {»ee 
Mbbcuby CoiiPOVNDS) with water ; it is a yellow 
powder sparingly soluble in water. 

TaMndse (il/ia.) A hydrous phosphate of alu- 
minimn with a low variable percentage of cuprous 
oxide. Usually reniform or encrusting. Colour, the 
blue of the same name. From India, Thibet, Aiada, 
Persia, etc. It is used extensively as a precious 
stone. 8ce Pbbcioitb Stones. 

Tarret (ArcUteet) A small tower, A turret 
containing a stair is frequently attached to the main 
tower of a church. 

Of Gapstail A form of rotating 

tool holder carried on a slide rest. A number 
tools are fixed in the holder, and any one of those 


can be brought into action at will,, thus enabUng d 
number of operations to be oanried out in successleii 
on the same ineoe of work. The hse of ^ tweret 
greatly facilitates the production of repetition .wori& 

Tttmt Lathe. A lathe fitted with a pr 

Capstan 

Tunralir Bark (Jbeuilwr This is the 

bark of a species of acacia {Aoacia auri^iata) used 
in India for tanning sheepskins. 


^ Tttfloaa Order. 

dsed by the 
Homans. See 
Doric and 
ABCUTTEC- 
TURE, OBDEBS 
OP. 

Tusk Tenon 

{^Carp, and 
Join.') A fom 
of tenon used 
in large fram- 
ing, having the 
form shown in 
Fig. 5,.p 754 
(art. Tenon). 

Tutti(if»«/o). 
All; full. 

Tuyere or 
Twyere {Eng., 
Met., ito.) The 
nozzle or Jet 
thro^h which 
an air blast 
enters a fur- 
nace or fire. 
The name is 
also spelled 
Tueb, Tweeb, 
a ?i d T u E 
Ikon. 

Twaddell 
Degrees. Sec 

Hydbometeb. 


A modification of the Doric order 




Tuscan OBbEa.‘ 


TwaddelPs Beale. See Hydbometebs. 


Tweezers iTgpog.) Small pincers of spring steel 
with line pointed Jaws used for extracting a type 
from a line or page of matter. 

Twelfth (Muoic), (1) An organ stop sounding 
tlie interval of a twelfth above the note played, (2) 
The interval of the double fifth. 


Twelvemo or Duodecimo iPrint, etc.) A sheet 
of i)aper folded so as to form 13 leaves (24 pages) ; 
generally written 12mo. A book made up of sheets 
folded in tins manner. Cf. Octavo, Quabto, 
Sixteenmo. 

Twentyfoumto (Print, etc.) A sheet of paper 
folded NO as to form 24 leaves (48 p^es) ; generally 
written 24mo. A book (of small size) made up of 
slieets folded in this manner, Octavo, QcaBTO, 
Twelvemo. '' 

Twilight (Aetrofi ) The illumination of the upper 
air after the sun has set. It continues so long as 
any portion of this illuminated air remains in sight 
of the observer. Caused by reflection of sunlight 
from upper portion of the earth’s atmosphere. 
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Twill {TeHdc Manvfac.') A simple type of weave, 
resulting in a fabric with Ane lines or ribs traversing 
the cloth dingonally from selvedge to selvedge* 
livoad classification is that of warp and weft twills, 
in which the w'arp and weft respectively make the 
face of the cloth. 

Twin Cpystala {Mn.) Crystals, the two halves of 
of which show a rotation from the normal of 180® in 
a plane known as the twin plane Qi.v,) Sometimes 
the ciystals appear to penetrate one another ; they 
arc then known as Interpenetration Twins. 

Twinkling of Btara See Scintillation. 

Twin Plane (Mn.) An imaginary plane in a 
twinned crysUU which is either parallel to a possible 
face or normal to a possible zone axis, uf each of 
the members of t\»e twin system, and is sneh tbar 
if one half of the tw in system were revolved in that 
plane through two right angles, it would occupy the 
place of the other half. See Btstems of Cbtstals. 

Twin Borews iEtig.') A pair of screw proj^jellers, 
one being placed on each side of the sternpost of a 
steam si lip. They are right and left lianded, and 
are rotated in opposite directions when the vessel is 
steaming straight ahead. 

Twist. Turning, convolution, or flexure. The 
term is also used loosely to include torsional stresses 
and strains. 

(^Textiles), See Yaen. 

Twist Bits ( Carj), and Join,') Bits having a thread 
and cutters at I lie end, and twisted in their length. 
Cf, Twist Duill. 

Twist Cop ( Cotton S2>innAngy See Cop. 

Twist Drill A drill having a cylindrical 

body or shaft with two (or more) grooves of helical 
or screw sliape running round it. It is the best form 
of drill for almost any purj^oses. The end of the 
drill is accurately ground to a conical shape, and the 
cutting edges are formed by the intersection of this 
conical surface with the grooves. 

Twist Drill Grinder i^ng.) A machine in which 
a twist drill is held and pressed against a revolving 
emery wlieel, in order to jiroduce a truly conical 
point whose axis coincides with that of the shaft or 
body of the drill. 

Twister (Textile Manw/ae.) A machine on which 
fancy yarns are obtained by folding two or more 
threads together. 

Twist Hand (tace Manvfae,) A workman em- 
ployed in any description of twi.st lace ; a lace maker. 

Twisting (Silk Moaiv/oc,) The process of joining 
a new warp to the thrum (q.vJ) in the loom, the 
threatls being played out one by one on the cross 
rods and joined with a twist by finger and thumb. 
Cf. Twisting In, 

Twisting In ( Weavingy An alternative process to 
drawing in. Attaching the threads of a new warp 
to the ends of a finished w^arp which have bt:en pre- 
viously drawn through the hcalds or harness mails. 

Twisting Uoment. Tobqve or Tuening Moment 
(?•»•) 

Twist Laoe (Lace JUIanvfae,) Lace made upon 
what is usually known as Nottingham laoe znaobinery, 
after Heathoote and Lever's principles, in which 
bobbins and carriages are employed. See Laoe 
Hakufaotuee. 


Two High Hill or Bolls (Met.) A rolling mill 
consisting of two rolls, one above another. See 
llOLLa 

Two Line Letters (Typog.) Letters of the depth 
of two lines of type and used as initials. See Types. 

Two Balt Water, Water in which the amount of 
dissolved salt is double that of normal sea water. 
This is the highest degree of concentration which the 
w'ater in a marine boiler should bo allowed to reach. 

Two Throw Crank (Eng.) A shaft with two 
cranks forged or fixed upon it, the cranks usaallx 
being at 9(>® with each othei*; 

Two Tone (Lace Ma7infac.) A term appplied to 
lace composed of cotton of tho natural colour (ocru) 
interspersed with objects of white, 

Twyere or Tuyere (Eng.^ Mct.^ etc.) See Tuyebe. 

Tympan (Print.) A thin iron frame covered with 
l)archnjent on which tho sheet of paper to be printed 
is placed. See Typography. 

Tympan Hooks (Print.) Stiiall hooks fixed on the 
upper side of the outer tympan of a press. See 
Typography. 

Tympan! or Timpani (Mmuy The kettledrum. 
See MUfciiCAL Instruments,^^. 111. 

Tympan Joints (Print) The joints by which the 
outer tvmjian is attached to the carriage of a press 
on which it woiks. See Typography. 

Tympanum (Architect.) The sparse enclosed be- 
tween the lioi'izoutal and raking cornices of a 



Tympanum. 

Easeadiuo Cbapcl, Rutland. 


classical pediment. Similarly, the space between thd 
fiat head of a door opening and the arch over. ^ 

Tymp Arch (Met.) Hie ar^h over the opening in 
the front of tho hearth of a blast furnace. 

Tynes (Her.) The small branches projecting from 
the antlers of a stag. 

Typefotmding may be said to date from tho 
time when the early German typographers invented 
the system of cutting separate punches for each 
letter or character, and driving the punch into a 
piece of bard metal, thereby forming the matrix, 
which was adjusted to one end o( a mould, and 
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etot therefpojin— tlie body or shank di Iho 
lormed by the mouldy and the letter or 
6m by tne impresrfon of the panob. Types were 
^gin^Oy east df “ hand mould.’*^ The operator beld 
mould with the matrix adjusted in his left h«3d, 
and by means of a small ladle poured in a suffi<daRt 
atooupt of. molten metal to form the type, which was 
released when the upper and lower scions of the 
mould were separated. 

The art of Typefounding consists of several pro* 
oesses : (1) Designing the face, (2) Cutting the punch, 
(3) Striking or ** growing*’ the matrix, <4) Justifying 
the matrix, (C) Mixldg the alloy, (t>) Casting the 
type, and (7) Dressing and fipishing the 
ivoduct. In designing the face it is neces- 
sary that the artist be acquainted with the 
special requirements of the printing trade 
and the proportions of each letter in 
the fount to be produced. The different 
parts which form the characters must be 
in strict relation to each other. The 
catting of the punch requires patience, 
artistic skill, and minute attention to 
details. Steel which lias been annealed 
to allow of easy working is used, and it 
is afterwards tempered to overcome the 
resistance of the subsequent driving. The 
punch may be called a type in steel, the 
engraved end being tested by minute 
callipers and gauges to verify ^the width 
of the body strokes, the fineness of the 
cross strokes and the curves and lengths 
of the ears and serifs, which are subject 
to certain scales of ]jroportion. A counter ths Punch. 
punch is sometimes used to form the 
open si)a(;e within the letter “ O,” it being easier to 
form inis hollow by a punch than by the process of 
engraving. The matrix, which is a small rectangular 
piece of copper, with one side highly polished, is fixed 
in a block and the punch driven in by means of a 
hammer at a point near the top and with equal space 
at the .sides. A small burr in the copper is 
caused by this operation ; this is smootlied 
off and the impression is mathematically cm 
adjusted for the purpose of securing proper iHL 
alignment and uniform height of all the 
cliaracters in the fount of tyi^e. Matrices 
are also obtained by a process of eloctro- 
typing whereby a largo number may be 
** grown *’ at one time. 

Types are usually cast in an alloy, of 
which the ingiedieuts are lead, antimony, 
and tin, the proiwrtions varying according 
to the size and quality of the letter required. 

Lead gives ductility to tlie alloy, antimony 
the required hardness and sharpness, and 
tin gives toughness and a finer grain to the matrix. 
mass. Antimony expands in cooling, and 
iixus further assists in the i>roductiou of a perfect 
^pe. *A trace of copper is sometimes incorporated. 
The proportions of a good alloy are : Lead, ^ per 
cent; antimony, 25 per cent.; tin, 25 per cent.; 
com>er, 2 per cent. 

^4he hand mould is practically obsolete, but is used 
ooci^ioQally for casting special charaotera. Similar 
in principle is the machine mould, which consists of 
a number of pieces of liardeped steel fitted with .the 
utmost mathematical accuracy. It is constructed to^ 
open in halves, which separate and release the typ^ 
when bast. The matrix is fixed in position by a bow 
iiqpring over the qrifioe of the mould. Molten metal 
is injectod by xrilmiis of a pump. As the wheel of tdie 



machine revolves, the mould is pcesenM iojiibe 
of the pump, receives a chaige, and returns 
fully formed type, which is 

tion repeated. An important fnnotUmof the iicmld 
is to form the nicies, which distinguish the muhll* 
founts of different laces. There may be one or hiore 
nicks, and they are caused by fixing into grooves on. 
the tent of the mould small pleoes of steel wire<^ 
Another |neoe of wire is placea in a drilled hole Ih 
the upper body to form the pin marie, which is used 
for discharging the type after it is cast. 

Attached to the body of the type as it leaves the 
mould is a piece of surplus metal called the 

which may be detached automatically 
at the moment of discharge or be broken off 
by hand. This is the firlt^ necessary process 
in finishing. The types are then rubbed on 
the surface of a rou^i stone to. remove any 
*^rag*' or burrs arising from an imperfect 
mould or badly fitted nicks, and afterwards 
set in lines on narrow wooden sticks. The 
lino is inverted and the break of the jet 
removed by passing a ^oove over its whole 
length. The fronts and backs of the letters 
are scrai^d, and the types restored to a face** 
up position, examined with a lens, and all 
imperfect letters rejected. In cases where a 
lx>rtion of the face overhangs the body of a 
type, as in tho letters j and y, kerning is 
necessary, and this is effected by rubbing the side of 
the body on which the projection shows along the 
face of a bevel edge file. By the old hand-casting 
process a man could produce fi'om 2,000 to 3,000 
types in a day. The average machine output is 
nearef 50,0tX>. Perfecting machines arc in use which 
cast and break off the ** jet ** of the type, finish, and 
arrange them in line ready for making up into page. 
A machine which casts and finishes types still more 
rapidly is the Wick Kotary Type-casting Machine. 
This consists primarily of a horizontal wheel with 
channels oii its surface radiating from the centre. In 
each channel is a sliding piston having a matrix on 
its end nearest the outer edge of tho wheel. The 
channels arc covered with a disc, and thus present 
a series of openings in the periphery of the wheel 
^corresponding with tho size of tho tyi>os to bo oa£^. 
As the wheel revolves, these openings pass in sue* 
cession before a minute opening in the .mould 
through which a constant stream of molten metal 
is being forced by pumps. When the mould has 
passed the nozzle, the pistons push out the finished . 
type on to a travelling chain at tho rate of about 
50,000 an hour. 

Type High (T^pog.) The height of a type. The 
term is used in connection with the mounting of 
stereo, electro, and engraved plates for use with 
type. 

Type Holder (Mnd,) An implement i!or holding 
the metal type when set up for lettering labels or the' 
back and sides of books, {y. Hanp Luttjdbs. 

Type Metal iChem.) An alloy of lead, antimony* 
tin, and occasionally copper. It expands on solidi- 
fying. It is used in type founding. Tym metals 
vary a good deal in the propcotions of their oon- 
stitoents^ r.y. : 
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Yypei Tlie letters or cUamoters used in 

priotW. They are generally cast 
in an alloy of lead, tin, and anti- 
mony. In some cases a sinalljper* 
centavo of cop^r is added. xLey 
Tary in size from the Minikin 
(^abont 20 lines to the inch) to 
the large poster series, and the 
number of faces is infinite. The 
standards of English founders 
differ; but the practical base 
from which all sizes are regu- 
lated is the Pica — one-sixth part 
of an inch in depth of body 
from back to front. The intro- 
duction of the Point System 
has removed many disadvant<age9 
arising from lack of uniformity 
in English bodies. There are 
72 points to the inch, and the 
following table shows the com- 10* ITieface. 
parati\e relation of one system 
to the other ia the more important founts: 


u 

1. Tho shank or body. 

2. The nicks. > 

3. The pin mark. 

4 . Tlie feet. 

6. The groove. 

6. The front. 

7. The back. 

8. The shoulder. 

P. The bevel. 


by hand. The TnOBiitB tnaohlne, which is of this 
class, composes movable types specially nicked. 
The types are assembled continnonsly, and divided 
into lines of required width by a person who sits 
near the operator of the maemne, which consists 
of a keyboard and two vertical cylinders. The 
cylinders are upon the same ax^, and are placed 
one above the other. The surfaces of these cylinders 
contain a number of channels about an inch deep, 
running the whole length. The upper cylinder 
revolves, and has an attachment regulating the dis- 
tribution of the ty pe. E very channel in this cylinder 
being filled with lines of miked type, It is made to 
revolve, and each type drops as it comes in contact 
with the groove in the lower cylinder corresponding 
to the nicks until the various cljanneU are filled. 
When keys on the board are depressed the corre- 
sponding "type are transferred from the lower cylinder 
to a point where they arc conveyed by a travelling 
band to a setting stick and galley for the purpose 
of being justified. The Monotype machine casts 
separate types, and assembles and justifies them 
automatically in successive lines. It is constructed 


PointA. 

Diamond . 4^ 

Pearl . . 5 

Huby . . 

Nonpar iel . (i 

Minion . . 7 

Brevier . . 8 

Bourgeois . 9 

Long Primer . 10 

Small Pica . 11 

Pica . . 12 

English. *14 
Great Primer. 18 


Ltroxiirato Fiea Enie. 

lines to 
foot. 

192 

172 From the F.uphrfttea, Abraham, not without lUvinc iruldanco. wandon iovranis the Weal. The desert opiMis 

i;;i7 From the Kuphratos, Abraham, not without divine guidauoc, wanclcni towarde the West. Tbo des 

144 From the Euphrates, Abraham, not without divine guidance, wanders towards the West. T 

123 From the Euphrates, Abraham, not W'ithout divine guidance, W'anders towards 
108 From the Euphrates, Abraham, not without divine guiiiancc, wanders town 
97 From the Euphrates, Abraham, not without divine guidance, wanders 

SG From the Euphrates, Abraham, not without divine guidance, wa 
78 From tlio Euphrates, Abraham, not without divine guid 
72 From the Euphrates, Abraham, not Avithout divine 
C2 From the Euphrates, Abraham, not without 

c4 From the Euphrates, Abraham, not 


The next sizes in their order arc Double 1‘ira, Two 
line Pica, Two line English, Two line Great I^rimer, 
Two line Double Pica, and C*anon, which is the last 
to have a distinctive name. The larger sizes are 
designated according to the number tf picas con- 
tained in the depth of body. The Spaces Jind 
Quadrats^ used for separating words and filling up 
blank spaces, are proportionate in thickness to the 
em of the body; 

djiair BiMice. Thiu space. Middle space. Thick space. 

I I I I 

8 to em. fi to em. 4 to cm. 3 to em. 

Ea quad* Enfi quad. 2 em quad. 8 em quod. 4 exu quad. 



^"^Vhen founts are cast on the unit set system the 
types as well as the spaces have the same propor- 
tionate relation to tlio em. The height of a tyf^ 
from the bottom of its feet (4) to tbe surface (10) is 
T®i 5 \ of an inch, or about the diameter of the English 
shilling. 

Type Betting Machines. Tliose now in use are for 
the most ]}art improvements on different machines 
patented ny Battersley, Mackie, and others about 
the middle of the nineteenth century. Two were in 
operation in Hull during the year 1862. Ordinary 
founders’ types were u^ed, and the lines were justified 


I in tw'o parts, viz. a keyboard and a casling machine. 
Tbe keyboard, oix*ratcd independently, consifets of 
a number of keys corresponding with the character.** 
in the die case of the casting machine, a set of 
punches, and a registering attachment. As the 
keys are worked the punches, acted on by com- 
pressed air, perforate a roll of pper in special 
positions, so that when tbe roll is transferred 
to the casting machine the pierforationB regulate 
the matrices conforming with tho letters punched, 
and bring them into i>osition for casting. At 
tbe same time as the perforation is effected, the 
scale action, previously set to the width of the line 
required, registers the letters as composed, and 
towards the end of the line a l>ell is rung. The 
operator may then, by depressing keys indicated on 
the register drum, perforate the necessary siMicing for 
filling out the line. When the roll of perforated 
paper is transferred to the casting machine it brings 
the required matrix into position over the mould, 
through which the metal is pumped. Tbe types arc 
cast in a vertical position, and ejected continuously 
until a line is completed. It is then drawn off to 
a galley, the carrier returning to receive Buccessive- 
lines as completed. The Linotype machine, as its 
name implies, produces a ** line-o*-type ” instead of 
separate characters. It consists of three parts in 
one combination : (a) Tlie mechanism for assemhlliRg 
the matrices by the manipulation of the keyboara ; 
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(V) the casting appaiatas which prodnocs the sing 
or line irom the asfiembled matrices ; anil (c*) the 
anrangement for distributing the matrices into their 
respeotire magazines after the lino has been cast. 
These operations are performed concurrently, the 
matrices used for the first line aro ^ing distributed 
while those for the second are being cast and those 
for the third' aro being composed. The depression 
of a key releases a matrix from its position in the 
magazine, which contains all the characters assorteil 
in sloping channels. It is then assembled with 
others in order of copy until tlio necessary number 
of words for a line is completed. The words arc 
separated by space *bands consi^ting of two steel 
wedges, the outer edges of which aro always imrallel. 
The completed line is xnoied to the elevator aud 
thence to a vice, where the matrices aro brought 
into alignment, and locked against and across the 
face of tlie mould. The metal is then forced into 
the mould, which has already been sot to cast the 
slug in the required length and thickness. It is 
afterwards mechanically trimmed and delivered to 
a galley. The discarded niatriois aie carried by the 
elevator to the top of the magazine. Over tliis is 
fixed a distributor bar with ribs to engage the teeth 
of the matrices, which slide along until each reaches 
the month of its piotjor <'hannel. 1'ho libb of the 
bar being in harmony with tlio teeth of tho matrix, 
its release is comijclleil. The Wokoline machine 
differs in de.sign and construction from the Linotyj e. 
Its output is, liowevcr, similar. The machine conssists 
of a keyboaid. magazine for lnalrico.s, and automatic 
justifying hpacers, a casting well, delivery attach- 
ment, and distributing mechanism. The magazine 
contains 6(XJ matrix bars, each having twelve hitufflh 
letters on its fioiit edge. These bars stand behind 
each otluT in clianuels, an<l are assembled in aocoixl- 
ance with the action of tho keyboaid in lines. The 
<»perator moves a lover on the keyboanl, and the 
machine automatically justifies, casts, and delivers 
til# lines on to a gallc.v, and tlic matrix bars and 
s}>iice& are returned to the magazlm*. 

Typhoon (MeteoroL) (''ycloues in tlie torrhl zone 
in their greatest development aie called typhoons oi 
hurricanes. They vai^ from a few miles to seveial 
hundred miles in diameter, and arc nccompatiied by 
great winds and torrential rain. See Cyclone. 

Typography. The art of setting up types and 
taking Impressions from them. Tltc evolution of 
modem Typography may be traced from the in- 
vention of movable tyjHJs, the secret of which, 
according to Hadrian Junius, was discovered by 
I parent Coster, of Il.aarlcm, and became known to 
Cutenberg, who In 1439 devoted himself wholly to 
the art of Typogniphy. Tcter Sclxeffcr, working in 
oonjunctioirwith Cutenberg and I’list, invented a 
method of casting types, fhose were used in 1454, 
and the first complete book, the (riitcnberg Bible, 
\va.n issued in 14.'>G. The art was inti educed into 
Kagland in 147G by AVilliam Caxton, who practised 
it iu the precincts of Westminster, using what is 
known as Black Letter type. Of the notable woiks 
produced, 71tc IMesand Sayinffftof the Phil ottophere 
(probably the first book printed iu England) and The 
, Oame and Playe of ]7rinted iu 1474, may be 

mentioned. Roman types were flist used by Wyiikyn 
de Wordc, of Lorraine. Later on Typography spread 
to various towns, notably to Oxford iu 1478, and to 
Ht. Albans in 1480. Little progress was made in 
England during the sixteenth century. TJie first 
English Bible printed in Roman type was produced 


in Edinburgh in 1576* On the Continent, Cfaaeistophd! 
Plantain, of Antwerp, and the Elzevirs, of Iteyden, in 
Holland^ had done much to improve the ptooueticna 
of Typography. Printing was establiehed ill ' the 
North American Colonies during the seventeenth 
oentnry ; but Uie most famous of its exponents in that 
part of the world, Benjamin Franklin, was not bom 
until 17(H). Previous to 1720, English printers ob- 
tained their best types fiom the Dutch founders, but 
with the advent of Boskorville and William Caslon a 
marked advance in English manufacture was begun. 
To the fine character of the types cast by tho latter 
may be attributed much of tho perfection of modem 
book printing. ^ Caslon commenced casting types for 
Cambridge iu 1750. The early years of the nineteenth 
century witnessed still further improvement. The 
eager demand of collectors was the cause of many 
sumptuous works being produced, almost regardless 
of cost. About 1830, Charles Whittingham, of the 
Chiswick Pros, by the introduction of headpieces, 
tail}>icces, borcleis, and other typographical orna- 
ments, effected a revolution in style, and to him 
and tho publisher, William Pickering, is due tho 
inception of “old style” printing. The improvements 
in the character of types and typographic ornaments, 
as well as developments in wood engraving, paved tho 
way foe the introduction of illustrated periodicals, 
of which tho modem magazine is the outcome. 
To Mr. Theodore De Viunc, an American printer, 
may be attributed much of the excellence of modern 
Typogniphy. He has consistently advocated a high 
slandaid of beauty and purity in type faces, and 
he has also considerably advanced the mechanical 
processes by introducing the svstem of printing 
on dry paiior— a necessary condition in the re- 
pnifluilion of photographic process blocks, which 
1 ave almost entirely superseded wood engravings. 
l‘rior to the introduction of type setting machines 
little, if any, change was made intheattual 
process i)f Composing t)pe. Until about the middle 
of the nineteenth century the composil or used almost 
ox'dasivel}' the same methods and tools a.s hiseaily 
predecessors. Any departure was in the direction of 
“ display ” or “jobbing work,” which the use of com- 
}>licatcd ornament *5 and “fancy ” types made possible, 
and the cultivation of “style” encouraged. Hand 
com))osition is accomplished practically on the 
origiiinl plan. The types arc “distributed” one by 
one into shallow ca.ses containing divisions or boxes 
to hold each character. These cases, which are 
usually in pairs for ordinary Roman founts, are 
“put up” on frames in a sloping position. The 
uppei c.ase contains 98 boxes in all, and into these 
arc put the capital letters, small capitals, figures, 
signs, and “ pr^culinrs.” The lower case cq^itains 
63 boxes of different sizes. For Hebrew, Greek, etc., 
the divisions of the cases arc varied and more con.- 
xJicated. From the cases the typos are picked out as 
lequiredby tho compositor, and jdaced in the ** com- 
posing biick,” a traylike iron frame. By means of this 

CoMPosiso Stick. 

fetiok the types arc arranged in lineb, according to 
“copy.” As the stick is filled the matter is lifted on to a 
galley. “Matter" may be “solid” or “leaded^ When 
the lines of type are close together they are add to be 
solid, and when opened out, leaded. The leads used 
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for the pnrposo are thin strips of metal out to the fall 
len^ of the Hne of type, and of widths vaiyiitgfrom 

to ^ of an inch, the technical terms being 12*to- 
pica, H-to-pica, 64o-pica, and 4-to-pica. The **pica*^ 
18 one-sixth of an inch. {See Types.) Leads of a 
thinner make are sometimes used, and when the 
strips of metal are thicker than 4*to-pica they are 
call^ clamps.’’ The lines having been spaced and 
** justified ” te eqnal lengths in the composing stick, 
they are easily fastened in l^e galley, and a rough 
impression obtained on a galley press. This impres- 
sion, nsnally termed a “ slip ” or ** first proof,** is 
taken to the reader, whoso duty it is to detect and 
mark all proof corrections ig.v,) When the mistakes 
are corrected, the matter is ready for “ makiirg up** 
{q.v,) into images of the required sise. Headlines and 
folios are added to give the order of pagination. The 
pages are subsequently “imposed** — tliat is, laid 
down upon an iron imposing surface in such order 
that, when •* locked up ** and printed on a sheet of 
paper, the latter may be folded so that the pages 
follow each other consecutively. The pages arc 
locked up by means of furniture — which is 

arranged in such manner as to give the required 
margin round the printed pages — and quoins (or 
wedges) in an iron frame or chase, which in book 
work usually contains eight, sixteen, or more pages. 
The combination then becomes a “forme.” This 
imposed forme is now ready for the press. The art 
of the compositor is not confined to book work. 
Jobbing and the cultivation of styles of display have 
opened up large possibilities in the grouping and 
arrangement of types and lines. Elaborate designs 
are effected by the use of appropriate ornaments, and 
the discriminate use of tints and coloured inks in 
printing materially aid the composdtor in producHig 
artistic results. The arrangement of music types, 
the composition of the Greek and Hebrew languages, 
tabular matter, and mathematical workings demand 
no mean degree of mechanical skill and general 
knowledge. 

Jt is in the actual process of Pbintinu, or the im- 
pressing stage c*f the art, tliat marked advancement 
is to be found, but the more imi^ortant developments 
may be traced from a period as recent as the begin- 
ning of the nineteenth century. Until that time 
nearly all printing was done on hand presses, and then 
only by one or two pages at a time. The first print- 
ing press was probably an ada|>tation of some domestic 
appliance, the impression being obtained by means 
of a w'ooden screw forcing a wooden platen on to the 
forme, whieli was placed on a flat stone bed. The 


wooden press continued in 
use for tliree centuries and 
a half. In the year 1800 
Lord Stanhope introduced 
the first distinct improve- 
ment. The wooden screw 
was abandoned in favour 
of a system of levers, and 
the size of the press was 
increased. Further, it was 
built entirely of iron, and 
consisted of a heavy frame 
in one piece, screwed to a 
wooden foundation called 
the “cross.” By a com- 
bination of levers the platen 
was made to descend with 



Qt7TtNBEaO*B FiUESS. 


increasing force until it reached the type or forme. 
Firom tbU time improvements have been oontinuons. 
The Stanhope press gave way to the Columbian and 


A lbion presses. The essential parts cf the OblumbUm 
are stronger tton those of m Btaabotw, and tbb, 
recovery of the' tdatein is seltr aottjag. The Albion 
press is typical of the hand pfessee now In use. It 
is lighter and 
stronger, and 
more compact 
than the 
earlier makes. 

The process of 
printing on 
hand presses 
is very simple. 

The forme is 
laid on the 
iron bed and 
fastened to 
the flanges, 
llio surface of 
the type is 
inked by 
moans of a 
roller. At- 
tached by 
joints to the 
end of the 
press bed is a 

t Tin pan, con- Columbian Pakss. 

listing of a 

thin iron frame, over which is stretched a skin 
of parchment. This is backed up by another thin 
frame, also covered with parchment, which fits into 
the tympan frame by means of hooks. Between the 
two parchments 
is placed a 
number of sheets 
of paper, so that 
the whole forms 
a pad into which 
are also j>laccd 
the extra sheets 
prepared in 
*• making ready " 
p/.r.) Each sheet 
of paper to be 
printed is placed 
on the surface of 
the tympan and 
lowered on to 
the forme of type 
which has 
already been 
inked. The bed 
is then passed 
under the platen 
of the press, and 

the impression Albion Press. 

made by drawing 

over a bar actuating certain levers and causing the 
platen to descend. The frisket—an iron frame over 
which a sheet of paper is pasted^ is sometimes 
hinged to the top of the tympan. The paper on the 
frisket is cut away in places where the type is to be 
printed, and, being laid over the white sheet, falls 
upon the forme and preserves the margins clean. 
Originally the formes of type were ink^ by ballsi- 
mode of cotton wool covered with skins or pelts. 
With these the face of the type was beaten until a 
sttfiicient quantity of ink was distributed. They were 
superseded by “ rollers,*’ which are composed of a 
mixture of glue and treacle, and these, in improTed 
form, are now in general uso« 
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tern as applied to printing, may ))« 

Bald to have been finit used in connection with a 
mechamiun invented by Hioholeon, o£ London, in 
1700, worked by steam, and improved by KoBnig 
about 1807. In tiiia the principle of impression by 
platen waa disoardedt ana a revolving iron cylinder 
used to force the paper on to tlie forme. This 
machine attracted the attention of Mr, John Walter, 


revolves in sympathy with the redjwocaiiiegmoili^ 
of the bed. The sheet of paper is presenM drone 
a lead board to the edge ei the cylinder, whidt 
is fitted with a bar mnning the whole leM^ 
Grippers are fixed npon the bar at intervals. The 
grippers secure the sheet until the cylinder has 
revolved over the surface of the type, when it is 
released and carried by tapes or fi^'ors on to tlie 



FSBrSCTlNQ Hacheme, 


impressions per houi were produced. Of the Single 
Cyhndar machine the English Wharfedale best 
serves as a typo of the whole. This machine 
has two side frames and four cross frames with 
longitudinal stays. These cany a flat bed or ** coffin,'' 
upon which the forme txavels backwards and foj> 
wards. The cylinder is supported on brackets fixed 
to each of the side fiames in the centre, and 


conveyed by the “vibrator,” or roller with a vibrat- 
ing motion, to a flat iron slab at tbe end of the 
rccipro<‘ating bed, on which it is eienly distribnted 
by the “Wavers.” The ink is then taken from 
the slab by the “inkers” and deposited on tbe 
forme. * Manv impiovements in details have been 
introduced of late years, including the gearing 
of rollers, by which means their revolutions are 
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controlled; atitomatic feeding and ^UaJdng ofi'* 
attacTiments ; special bed and cylinder movements, 
etc.; blit the principle of the machine is not mate- 
riallj altered. Many of the changes made are of 
American origin, and have resulted from the demand 
for high class illustrated works and the introduction 
of the photographic process block, which require 
extreme rigidity in the construction of the machine, 
absolute sympathy in all movements, and strict 
control of ink supply. The actual process of 
printing is not an involved one. After “making 
ready,” the machine works automatically, and prints 
the sheets as fed by tbe “layer on,” the “ minder” 
giving attention to the regular flow of ink, etc. The 
Platen machine is a type of vertical bed machine, 
and may be worked by treadle or steam power. The 
Cropper^ or “ Minerva” was the first to be made, 
and the general design of tills machine is retained in 
all tbe newer productions. It consists of two side 
frames held together by iron stretchers, and to these 
frames all the working parts arc connected. The 


side of ihe paper being printed quickly after tlie 
other, chdless strips of oiled paper pass continually 
between the impression cylinder and tbe printed 
sheet. Of this type of machine there are many 
varieties, and their purpose is to effect more rapid 
production. Other Perfecting machines having 
smaller cylinders are built, and as they possess some 
of the special advantages of tlie single machine, 
are capable of printing work of a much higher 
character. In B&tary machines the printing 
surfaces ns well as the impressing surfaces are 
cylindrical, and for this reason special slereotvpe 
or electrotype plates are now«mado and curved to 
conform with the cylinder. The machines vary 
somewhat in principle: in at least one case the 
cylinders ai'c arranged in semicircular form, in 
others on a horizontal plan ; the more modem idea 
is to arrange them vertically. The rotary style of 
machine dates from 1848, when Applegarth built a 
machine for printing the S^hnee, The tyj^ie was 
arranged on a vertical central cylinder, around 



Ei^ausu Rotary Machine. 


type is locked up in special chases, and placed on 
the vertical bed in the back part, the inking arrange- 
ments being placed behind and above it. The front 
2>art consists of a platen, lying when idle almost flat, 
and on which the paper is laid to marks or gauges. 
When the flywheel revolves the platen is pulled 
forward into a vertical position by two strong arms, 
one on either side of the machine, and an impression 
is taken. As the platen returns to its original posi- 
tion, the operator removes the printed sheet and 
replaces it with a |)lain one. At the same time the 
rollers pass over the face of the type, inking it in 
readiness for the next impression. A large kind of 
single platen machine called the ** Scandinaviein” 
is used. Its original purpose was to supersede the 
hand press. There is also a Pinihlc Plaien variety; 
but both are being discarded in favour of cylinder 
machines. Perfecting Machines arc composed of 
duplicate moclianisins of the important features of 
single cylinder machines, with special attachments 
for reversing the sheet in order tliat both sides may 
be printed before it is released. The cylinders of 
tbe “ Web,” “drop bar,” and “ gripper” varieties arc 
usually larger than is the cose with single machines, 
and in order to avoid the “ set off ” occasioned by ono 


'which were placed eight other vertical cylinders, 
to each of which tlicre was a feeder, which fed 
single sheets down a sloping cylinder, to be carried 
by ta]jes towards llic printing cylinder. When the 
impression was taken the sheet was carried back 
horizontally by tapes until it arrived at another 
table, w'hen, l:>eing relca.«ed by the grippers, the 
“taker off” disengaged it. The jiroduct of the 
machine was nearly 10,000 copies per hour. Another 
machine giving nearly 20,000 copies per hour on one 
side of the paper only was invented by Colonel Hoe, 
of New Y ork, and used for printing Lloyds JVWus- 
paper about 1857. This machine also printed single 
sheets from movable types. In 18G8 Mr. 8"obn 
Walter perfected a machine to print on both sides 
of tbe paper from a continuous roll Further im- 
provements continued to be made, and machines 
arc now capable of printing Bimnltaneoasly plates 
of different character in several colours of ink on 
paper of varying sizes. Being fitted also with 
folding, pasting, and wire stitching attachments, 
it is possible to produce complete magazines at 
the rate of 24,000 per hour. The earlier types of 
rotary machines were used exclusively for printing 
newspapers, but it is now possible to produce by 



TTa 


ao7 


VKfSBIf 


the more modom variety illostrated work of a 
fairlv high character. A recent type of newspaper 
machine---Hoe's Octuple— measures 35 ft. in length 
by 10 ft. in width and 15 ft. high. It has eleven 
pairs of printing cylinclcrR, forty ink ' distributing 
cylinders, 100 composition rollers, twenty-two ink 
fountains, and 850 gear wheels. In all it is 
composed of about 50,000 separate pieces. JSoe aljto 
J'HOTO-ENOBAYiKa, Typepoui^diko, Typeb, and 
Typs Setting AIachines.— B. J. E. 

Tyre (J^.) In engineering, etc , a tyro is usually 
a ring or hoop of iron or steel, encircling the wheel 
of a vehicle. It may be fixed on by bolts, rivets, 
etc., by shrinking Sae Kailway Wheels. 

Tyretf Rubber, The hhocks imparted to a vehicle 
by the irregu laid ties of the road over wlihb it passes 
may be classiGed under two main beads : (a) The 
Revere shocks, which occur at considerable intervals. 
{b) The minpr shocks, which are practically perpetual. 
To absorb the Grst ( lass, carefully tempered springs 
are used ou all jilcasurc and on most commercial 
vehicles ; while the second class is combated by 
encircling the wheels with rubber t)’rea. I’hc bicycle 
has been mninlv responsible for the introduction of 
the rubber tyre, the olijoct being to prevent vibration. 
The early ** boneshaker,*’ iron-nmmed, carried a long 
and \ciy ckistio spiing on which the saddle rested. 
In the ’se^cnties the Holjd Kubbek Tyre appeared, 
and did duty on the high bic.Kde and the earlier 
pallcrns of sahdy c\cle«!. 'Jhis ga^e way to the 
C’csmoN Tyre, of tubular section, and was in turn 
succeeded by the pneumatic air-cushion tyre, now, in 
its p Tfccted form, generally used. 'Jlie first I*NEU- 
w AT 10 Tyre uns patented in 1846 by a Scotchman 
named Thompson, and wab intended for a horsed 
vehicle. It had an outer coveriug of leather bolted 
to the wooden felloe of tlu; wheel. As there were 
no liuht \ chicles ou which to test and peifoct this 
iiiveiilion, Thompson’s idea jjroved commercially un- 
suc('cssful, and was soon forgotten. Mr. J. Ik Dunlop, 
a vftc'iinaiyRurgcon of Belfast, claims the distinction 
of first fitting a ])iieuiuatic re to a cyfdc wheel. It 
i onsi'-t«-d of an inner tube of sheet rubber, encased 
in a canvas cover, outside which was solutioned a 
stout rubber stiip. lie patented his invention in 
1KK8, and fitted it to racing machines with much 
success Tie “ninininy” tyre was attached to the 
lim by a stri}) of thin canvas, slit at intervals to jiahs 
round tie spokes, and made to adhere to the outer 
cover by rubber solntiou .smeared along its edges. 
The mending of a puncture in a “mummy” proved 
60 laborious and uncertain that the pueuraatic tyre 
would never have become pojiular in that form. 
Various devices— flaps in the tyre itself, manholes in 
tlie rlui through which the tube might l^e pulled for 
repair — were tried, without success. In 1890 two 
typos of Detachable PKEUMATica appeared : (d) 
the “ wired on,” patented by Mr, Cbas. Kemp Welch ; 
(1) The boaded-edgo tyre of Mr. W. K. Bartlett. 
Thi^WELCH Cover depends for its efficiency on the 
shape of the rim, which is U-shaped. The wired 
edges of the cov<‘r f..ruj c^irclcs somewhat smaller 
than the edges of the rim, and can be detaohed only 
if one Side be prc.ssc4l well down into the centre of 
tho rim, so as to give the other side a requisite 
amount of ' slack. Tho bea%led*cdgo tv pc is held on 
by the pressure of inflation, its thickened edges 
engaging with tho turned over edges of the rim. 
These two patents have been modified since, but not 
superseded. Tho Clinches at.d Talues Tyres 
are covered by tho Bartlett patent, which was pur- 


dbased by the thinlop Pnonmatio 'Tyre Company, 
along with the Woods Valve and We8TW00I> Bix 
patents, before the flotation of that company itt 
1896. In the first tyres the valve was merely as 
elastic indiarubber tube closed by a wooden plug. 
The valves which have replaced it are, like the covers 
now used, of two main types : (a) The metal valve* 
made airtight by the oareful grinding of the valve 
on its seat. (5) The Woods valve, a metal noasle 
closed at tho inner end and pierced at one side to 
permit the passage of air. A short length of tube 
rubber covers this hole, and is pinched at its outer 
endagain.^t and between tho nozzle and a seating on 
the cylindrical body communicating with the inner 
tvLhe of the tyre, so m to form a simple non-return. 
The Fleuss Tyre possesses no inner tube, but the 
edges of the cover overlap and fit together closely 
enough to retain the air. The pneumatic tyre, being 
extremely elastic, minimises the vertical shocks 
caused by encountering undulations, irregularities, 
or obstacles on the rr)ad’s surface. Slight shocks 
are practically “killed” l)cfore they can reach the 
springs supporting a saddle or vehicle. It thus 
obviates the loss of power caused by a heavy body 
lieing thrust rci>entedly in a direction other tl an 
that in which alone it should travel. A second 
advantage is the ability of an air cushion of this 
tvpe to recover its original shape so rapidly after 
distortion th.at it may be said to give a backward 
kick to an obstacle, which practically comi>on8ates 
for the obstinction to movement caused by its com- 
pression, Solid rubber, of a section equal to that of 
a pneumatic tyre, has much less clastioity and a 
much slower rule of recovery, and therefore is mu(‘h 
less efficient in the f on-going respects, 

RrBBER Tyres for Motor Vehicles.— Motor 
cart are mally pneumatic 8ho<l, in order to be able 
to move sit high sj^eds without exce&sive vibration 
and wear and tear in the vrorking parts. Commercial 
vehicles and delivery vans employ solid rubber tyre®.. 
Pneumatic Motor Tyres arc generally constructed 
on the beaded-edge principle ; but owing to the great 
strain, especially on the tyres of the driving wbecl.^, 
they do not depend entirely on the pressure of infla- 
tion to keep them tight against the rim. Four or more 
“ security winged Indts,” passing at intervals through 
the rim, are funiislicd with V-shaped plates, which 
j>re8.s on the inside of tho cover wl-.on their screws are 
tightened up. These not only make it difficult for 
the cover to }>low off, but also prevent it from 
“crceijing” and tearing out the valve. The fiirdar 
Tyre Company has produced a tube of a nature 
which minimises the danger of nipping when it is 
placed in its cover. The tube is vulcanised in a 
U-.section, so that when deflated, one half springs up 
into the crown of tho other hath When inflated, it 
assumes a circular shape ; but, being rather larger in 
section than the inside rf the cover, the rubber is 
tmder compression, and therefore less vulnerable to 
punctures than a tube which is extended during in- 
flation. Among vvired-on motor pneumatic tyres, tho 
Peter Union may bo noticed. The flange on one 
side of the rim detachable. It i.s of circular shape, 
and split at n point to allow it to pass over the rim 
when an a<1jii.stiiig screw, working in left and right 
Landed threads in blocks on its free ends, has been 
turned sufficiently. When the flango is placed in 
position and the screw has been tightened up, the 
tjre cannot possibly Icavo the rim. Heavy car 
pneumatic tyres are often inflated to a pressure of 
120 lb, to the square inch, whioh approximates tho 
woiking pressure of some locomotive uoilers. Light 







car tjies are pumped to 75 |b. to the square iiush, 
and voiturettes to 50 lb* la oonstruetion 4h<^ 
diflfer little from the correspanding types of cycle 
tyres, except that the treads are tdom dlspropor* 
tionately thick to withstand the Tory severe work 
they must do* The replacement of tyres may cost 
anything up to £50 a set of four. A &st a>id heavy 
tourist car is said to wear out its tyres at the rate of 
sixpence a mile. A violent application of the brakes 
may cause several pounds* wor& of damage by grind>^ 
ing a **flat** on the tyres. Bolid KasBEB Ttrbs 
tiave several advantages. They are more reliable 
and wear lon^r than pneumatics, do not raise so 
much dust, and seemingly are not so prone to side- 
slip. A good set of ^^soHda” have done duty for 
10,000 miles on a heavy vehicle before being worn 
out Solids are not, of course, as comfortable to 
travel on as pneumatics. To obtain a maximum of 
resiliency, without having recourse to compressed air, 
the Dovblb Aboh Tybb has been introduced. It 
consists of two parts, the outer portion being of 
special high quality wear- resisting rubber, having a 
central arch, in which is fixed a sort of small inner 
tyre of a softer and more clastic nature. The popular 
metliod of attaching a solid tyre to its rim is the 
beaded edge, gripped by removable fianges. Borne 
makers, however, use endless wirr;s embedded in the 
rubber. For very heavy vehicles, such as motor 
omnibuses, two, and even three, solid tyres are 
mounted side by side on a single rim. This method 
is calculated to give greater freedom from sideslip 
ami a greater amount of resiliency than would be 
possible with a single tyre of larger section. Many 
anti-skid and anti-wear devices nave been tried for 
pneumatic tyres. They generally take the form of 
leather bands, covered with steel studs, and are vul- 
canised to the outside of the cover. The Parfons 
anti-skid — a scries of short chains crossing the tyre 
in zigz^ fashion, and attached to a wide circle on 
each side — Ijave proved successful. It may be said of 
all these devices that while fulfilling their office in 
a greater or lesser degree, they tend to “ slow ” the 
tyre. — ^A.W, 

CH CII 


Tyroaine (ChemJ) 


0 “-' 


CH,.C( )C.OH 

I CH CH 
CHNII, 


COOH 

(Parahydroxyphenol-o-aminopropionic acid). Forms 
delicate white needles ; melts at 236® ; very sparingly 
soluble in cold water (1 in about 2000), but more 
soluble in boiling water; very slightly soluble in 
alcohol, insoluble in ether; dissolves in acids or 
alkalis, forming salts with both; it contains an 
asymmetric carbon atom, so that naturally occurring 
tyrosine is active (Isevo-rotatory). On heating it 
loses carbon dioxide and forms parahydroxyphenyl- 
ethylamiue, . CHyCHg . CgHiOH : treated in water 
with putre^'ing pancreas it gives hydroparacumaric 
acid, HOOO . CH, . CH^C^H^OH : with Milfon's reagent 
iq.v,) it gives a red colour: boiled with a dilute 
formaldehyde to which concentrated sulphuric acid 
has been added it gives a green colour. It is a 
product of the hydrolysis of many proteids, 
casein, ketatine, fibroin of rilk. It occurs iu urino 
in certain liver diseases, an^ in phosphorus poison- 
ing,: it has been found in plants. Tyrosine can be 


prepiaBd by boilijag white silk (f oee from gue^. with 
ailute sulphuric jow noO grs. .ailks £00 cp. t 
1000 cc. water) for twelve hours, exactly nairindkiJBig 
with barium hydroxide solution, filtering, extraoriiig 
the barium sulphate with water, and evapoi»Uing .tho 
filtrate and extracts to crystalijsatiom The crude 
tyrosine is extracted with glacfial acetio acid, and 
the residue dissolved in hot water aud boiled 
with animal charcoal— the filtrate deposits tyrosine. 
Tyrosine has been synthesised by condensing para- 
hvdroxybenzaldefayde with bippuric acid by mea&s 
or sodium acetate and acetic anhydride : the resodting 
anhydride of parahydroxy-o-benzoylaminooinnamio 
acid yields racemic benzoyl lyrosine on reduction 
with sodium amalgam : 

H^C . NHCOO,H, HOO.H.CH : C . OTC6C.H| 
ioOH ^ ^OOK 


^C.n,CH : C . NHCOOgH 


nOO,H^CH,CHNHCOCJl4 

COOH 


HOO^.CHaCHNH, 

COOH 


The racemic benzoyl compound can be resolved by 
brucine (1-form is the less soluble), and on hydrolysis 
it yields l-tyrosine. 


U (Chem.) The symbol for Uranium (q.v.) 

U Leather A leather collar whose section 

is of the form of the letter U, See Htdraulxo 
Press. 

Ulexite (Min.) A hydrous caloium sodium borate : 
NaCaBjOj) . 8H^O, containing 45*0 per cent, of boracio 
acid. It occurs in opaque white masses, often with 
Gypsum and Alum. From Iquique, Nova Beotia, 
California, etc. 

Ultimate StrengHi The ultimate stre^th 

i.s the total load which is neoessAry to break a struc- 
ture or a given piece of mateiml. 

Ultra-Basic Rocks {(reol.) Kruptive or igneouft 
rocks, containing less than 45 per cent, of silica. 
The most characteristic mineral la Olivine : on this 
account they are often termed Pebjdotitbs, from 
Peridot (q.v,) 

Ultramarine (^Am.) Tho blue colouring matter 
of lapis lazuli. On account of its beautiful blue 
colour it is much valued as a pigment. Formerly it 
was obtained by grinding tho costly lap’.a lazuli, but 
now it is prepared artificially on a very large scale* 
It contains the elements Al, Na, Ki,,S, and O; but 
owing to the variation in composition of the ultra- 
marine made by different people, and even by the 
same people, its formula cannot bo regarded as 
settled. There are ultramarines of several different 
colours— blue, blue-violet, green, red, and white. As 
ultramarines qt the same colour vary somewhat in 
compsition, it must 1)6 said that if, say, blue uftra- 
marine is a definite compound, it has not yet been 
prepared in a state of inirity. An analysis of one of 
the best blues (Hoffmann) gave Na 17*14, Al 16*25, 
Si IB‘33, S jB'42, and O 82*86 percent. From this and 
a large number of other analyses Heumann deduces 
the formula Ka^Al.Hi^B^Ot^ for pure blue ultramarine. 
The violet-blue ultramarines are richer in silica, 
AYhito ultramarine ie obtained when the ^asihig qf 
the charge (fee below) is. carried out in absence of 
air. When the white ultramarine is heated in oxy^^ 



xrxrd 



into, blue nltiftmdginef and wh^ 
haated with sodium carbonate and .carbon 
it pssses into the yvhitA, Oreen nltramaxitie i& be* 
iieved to be a transitional form between the white 
and bine* Bed ultramarine is formed in the 
paration of the blue when the charge .bas been 
s^gly heati^d and much exposed to air. Besides 
nltramarhies containing sodium, others containing 
siivei'y^^aseinm, or lithium, in place of sodium* have 
been prepared. Ultramarines containing selenium 
(brown and purple-red) and tellurium (yellow and 
green), in place of sulphur, have also been prepared. 
The various blue ultramarines are most used^ and 
next to them the groan. In the preparation kaolin, 
sodium carbo^te, sodium sulphate, charcoal (with 
or without resin), and for silica rich products some 
form of silicic are used. The materials must be 
pure, finely divided, and intimately mixed. Their 
proportions are decided on from the nature of the 
product required, tlie experience of the makers, and 
the method of roasting. If green as well as blue 
products are required, tiio chargeis roasted in crucible- 
shaped vessels in ovens, and when the roasting is 
completed the charge is ground with water and 
washed. This product is green and ready for use ; 
but if blue is required, it is now' heated with sulphur 
with access of air, and at a lower temperature than 
before. A part of the sodium is thus lemoved as 
sodium sulphate, which dissolves in the washing 
water. When blue only is required, the operation 
can be completed in one stage, the charge being pro- 
tected from air after the roasting is finished till 
it has cooled down. The product in any case is well 
washed to remove sodium sulphate, then ground and 
run into settling tanks, the finest divided settling 
slowest. Finally the various products are dried. 
Ultramarine is unchanged by heating, except at a 
very high temperature, when it becomes white ; and 
acids liberate sulphur dioxide from the white pro- 
duct, Alkalis do not change it, except at a high 
tem^ratiire ; hut acids easily act on it—e.ff. liydro- 
chl^c acid liberates sulphuretted hydrogen, converts 
the sodium into^ chloride which dissolves, a part of 
tl»e aluminium into chloride which dissolves, a part 
of the silica into silicic acid which also dissolves, 
while some sulphur, silica, and alumina remain un- 
clUsolved. A warm solution of alum easily decom- 
poses the silica-poor ultramarines; but only acts 
slowly on the silica-rich varieties. Oxidising agents 
at a high temperature reiulily decompose all ultra- 
marines. Besides being used ns a pigment, ultra- 
marine is much used in uuiking laundry blue, and in 
** correcting ” the yellow colour of pajjer, linen, sugar, 
etc., ill making blue printing ink, writing paper, 
mottled soap, etc* 

Oltoamarine (Paint.) A blue pigment largely 
used by house jointers, printers and others, and 
made by heating together a mixture of china clay, 
soda ash, sulphur, sodium sulphide, sodium sulphate, 
and rosin. The manufacture of ultramarine is in 
the bands of a very few firms, and paint makers 
invariably purchase it ready made. It varies largely 
in composition according to the purpose for which it 
is to be used. It wrorks well in distemper and in oil, 
but must not be mixed with while lead. Originally 
ultramarine was made for ai-tists' use from lapis 
lasuli, but this is now almost wholly discontinued, 
the being very great. 


Imigth is too short to excite the setEjadon e£ 

They ftcoompany va gusater or degree visfbliS 

radiation from most sources of < lig^t, afid emtithie 
an invisible predongatfon of the spwtnim beyoncl the 
violet. Tlmy may be esj% detected 1^ 
means or by allowing the to fall upon a screen 
sttoh a# is used iu Bdntgen Bay experiments, uriten 
fiuoresence is produced. 

ITmbelllferm (^Potmy), A natural order bf 
Dicotyledons containing many plants of ecohomio 
value. The Carrot, Parsnip, Celery, are well kUoWn 
vegetables, while Caraway* Coriander, Fennel, Aniee» 
etc., enter into pharmaceutical preparations. 

Umber (ARn.) An earthy variety of Limouite,, 
uso:l as a pigment. It is found in the Isle of Man* 
iu the Forest of Dean, Saddleback, in Cyprus, etc. 

(Paint.) A natural earth of a brown 

colour which is sold as “raw umber’* and “burnt 
umber,** the latter being subjected to heat whiclik 
intensifies the colour. Umber is largely used by 
grainers for obtaining rich, deep effects, and by 
house painters to assist in producing many dtwrk, 
rich colours and also for lessening the brilliancy of 
mixed colours in general. They arfe comparatively 
cheap, quite permanent, and may be safely used 
when ground either in water, turpentinOi or oil. 

Umbo (Arm.) The boss or knob, sometimes ter- 
minating in a spike, in certain forms of shield, 
especially the small round shield or buckler. The 
term was sometimes applied to the shield itself. 

|](pbra. The darkest central portion of the shadow 
cast by a body. It is surrounded by the penumbra 

(il.v.) 

Umbrian School of Painting. See Painting, 
Schools of 

Una Ck>Fda (Mv$ic). A sign indicating that the 
left pedal of the pianoforte is to be used. By tliis 
{icdal the action is moved slightly to the rights, 
causing the hammer to strike only two of the three 
strings of each note. Formerly only one strii^ (ana 
carda) was struck, borne makers cause a strip of 
felt to drop between the hammers and the strings 
when the left pedal is depi-cssed. This gives to the 
notes a muffled sound, an effect verj* different from 
that intended by vna otfrda, which XJroduces a tone of 
clellcate and special quality. The direction irceordc 
(three strings), or tutte Ic corde (all the strings), 
indicates that the left pedal is to be discontinued. 
Beethoven, in the pianoforte Sonata in Pfe, Op. IOC, 
has the following direction after vna corda : poeo a 
poco due ed aUora tvtte la cordc (graclually two and 
then all the strings), indicating the gradual release of 
the left rjedal (eee aUo Pianofoete, 429). On 
stringed instruments a vna corda shows that the 
whole passage is to bo played on one of the strings 
only. 

Unbuilding (Elect. Eng.) The demagnotisatiou of 
the field magnets of a dynamo or motor. 

Unenria Oambier. A climbing plarit (Bnhiaiaeat) 
from Polynesia and Singapore. The young ^oote 
and leaves yield an extract, CATBCBtr (^.r.) 


IIlti»a4leptnnian Planfits (A^on.) Possible Uncial. The texTC is used to dexiote the style of 
danets that may revolve round the sun at a greater writing found in early manuscripts (4th-~dth . cen- 
listance than Keptuno. turies) before, the, intr^uction of the now ” cursive 



TOO 


810 


tmi* 


hand Uncial chaiacters resemble modem. capitals, 
but are rounder in form : 

Uncial: Kai€reN€TOeNTO) 

Capitals : KMEFENETOENTO 

lit Greek palmography the distinction between the 
capital and the uncial is insignidoant, except that 
the latter is more rounded in outline, bat in Latin 
MSS. the difference is much more marked. The 
uncial continued in use until the 9th century, 
the style of the transition period being known as 
the SEMiUNCiAL. Uncials were employed in the 
books of the Church until a much later periorl. 
See Majuscule and Minuscule (Appendix) 

Unconformity {Geol.) l*he relationship of a set 
of newer rocks to an . 
older set of rocks - 
which have been 
tilted, or otherwise 
disturlied, and have 
undergone denuda- 
tion befoie the newer 

ones were deposited. Umcokfobmity. 



are formed by tubular shafts containiDg electric or 
hydraulic lifts, with auxiliary stoircases, in some 
cases. The depth at which these lines are con* 
Btmcted is sumoient to preveni interference w^h 
sewers and piptm ; but the vlbratidn produoed is vei^ 
distinctly felt in buildings in thh vidnity. The City 
and South London line cost abont £220,000 per mile. 

Undergroimd Temperatare {Meteorot) For the 
measurement of the x>enetralivo powers "of the solar 
heat rays into the earth's surface, thermometers of 
various construction are placed at different depths 
and read regularly. 

Underlay (Print) RcsembKng an overlay (q.v,) 
in chameter, but placed beneath instead of above 
tlie block to be printed. 

Underpin (Build,) To support or renew the foun- 
dation ( f a wall, etc. 

Underpick ( II "eaving). A picking motion in which 
the picking arm is under the shuttle box. A very 
common motion in quick running looms. See OVKB- 
PiCK and Ticking. 


The new rocks thus 

lie across the edges of tl:e older ones, as in the 
diagram. See also Confoumablu Succession. 

Unda Maria (Musie), An organ stop which pro- ^ 
duces a tone of a waving character similar to the 
Voix C6lcste. The term means sea wave. 

Undue or Wavy (ITcrS) Wavy or undulating : 
one of the i)artion lines. See under Heualeby. 

Undercut (Eng.^ etc,) This term is applied to parts 
of an object below some other overhanging port^ns ; 
tore-entrant angles ( 2 ^. 1 ’.), etc. Also applied speciii- 
cally to (1) parts of patterns whose diameter increases 
towards the bottom, and which therefore cannot be 


Under Poled (Met,) See Coppeb and Poling. 

Undershot Wheel (Eng.) A water wheel in which 
the water a('t.s only on those floats that are near the 
bottom of the wheel. It therefore depentls for its 
supply of energy on the velocity (i.r, the Kinetic 
Energy) of the water, winch may be flowing along a 
perfectly horizontal channel while passing under the 
wheel. 

Undertype Magnet (Elect Eng.) The field magnet 
of a two-polc dynamo or motor which has its poles 
(and therefore the armature) next to the base plate. 

Undalations (Phgs.) An expression generally 
u-?ed as equivalent to Waves. See Wave Motion. 


withdrawn from the mould in the ordinary way; 
(2) various operations that are carried out from the 
underside, e.g. in mining, as well as to machines 
arranged to operate from the underside ; (3) a carving 
or mouldiutg that has the parts in relief partially cut 
away or bevelled on the underside. 

Under Glaze Decorations (Pot) Decorations 
which are placed upon the bisque ware, to be after- 
wards glazed and burnt in the glost oven. See 
Bisque. 


Undulatory Discharge (Elect.) An Oscillatory 
Discharge { q . v .) ^ 

Undulatory Theory of Light. The W ave Theory 
(q.v.) 

Undulatory Winding (Elect. Eng.) See Wave 
Winding. 

Unequal Temperament (Music). The old system 
of tuning whicii gave certain keys correctly in tune, 
whilst leaving others unusable. 


Underground Conductor (Elect Eng.) A name 
applied either to (1) an insulated wire which may 
be cased with damp proof material and laid directly 
in the earth, or may bo carried in a conduit or pipe ; 
or (2) to the bare conductor of an electric traniw-ay 
on the slotted conduit system. See Electric 
Traction. 

Underground Railways (Civil Eng.) Under- 
ground railways are conveniently divided into two 
types — the shallow tunnel with numerous open cut- 
tings (e.g. the Metropolitan and District Hallways) 
and the deep level or Tube Hallways (e.g. Central 
Loudon). The former is largely constructed on 
fbe **cut and cover” plan, open cuts being made 
and afterwards arched over, actual tunnelling being 
avoided as much as possible ; while the latter are 
continuous tunnels, with linings of tubular form, 
^uUt up of segments of oast iron. Separate tunnels 
are generally used for the up and down lines, each 
tunnel having a diameter of 10 to 12 ft. The stations 
are contained in short lengths of tunnel of larger 
diameter, the linings being of brick. The approaches 


Uneuential Notes (Music). Passing notes and 
auxiliary notes (q.v.) 

Unguentarium (Arcliccol.) A vase used for holding 
oil, etc., for anointing the body. 

Unhairing (Leather Manufae.) The process of 
removing hair from hides and skin, previous to 
tanning. See SWEATING and Leather Manufac- 
ture, j >. 349. 

Unlaxal Crystals (P/<ys., Min.) A crystal having 
fine optic axis. (y. BiAXAL Crystal and D(JUBLB 
Hefbaction. 

Unicorn (Jler.) A fabulous animal occurring 
sometimes as a charge in heraldry. The body is that 
of a horse with the legs of a buck and the tail of 
a lion, a single straight horn growing out of the 
forehead. The unicorn is one of the supporters of 
the Boyal Arms of Great Britain. 

Unidirectional Current (Elect.) A current flow- 
ing in cne direction only as opposed to an alternating 
current. 
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Uliioii (SuUi,t etcJ) A device for oonxiecting 
the ends of t^o pieces of pipe. In the simplest 
form it consists of a threaded tubular socket, into 
which the ends of the pipes are screwed. 

— (TeseHie ManU/ao.) A fabric composed of 
two or more materials, such as cotton warp and 
mungo weft, worsted warp and woollen weft. 

Union Blanket See Blakebt. 

Union Wrench ate.) A lever, one end of 

which is curved so as to lit against a union a 

pin in the curved end fitting into a hole in the union 
to enable it to be turnitl by the lever. 

Unison (Mush), Two or more notes of the same 
pitch, i,e. having the same number of vibrations per 
second, sounded together (see Intbbvals). When 
vocal or instrumental passages are performed in 
octaves they arc sometimes, thoiigh incorrectly, said 
to be in unison. 

Unit. A selected quantity, whose amount is fixed 
and invariable, used as a standard of comparison in 
stating or determining the amounts or values of 
other quantities of the same nature. Tbe numerical 
value of any quantity is the number of times which 
it contains the chosen unit, or in other words the 
ratio of the magnitude of the quantity to the 
magnitude of the unit. See also Units, Funda- 
mental and Debived. 

Unit Charge of Electricity A charge of 

electricity such that if placed at one centimetre in 
air from an equal quantity, it exerts on it a force of 
one dyne (all other electrical forces being absent, 
and the two charges being supposed to bo concen- 
trated at mathematical points). 

Unit Jar (JElcrt.) A small Leyden jar used to 
inea.surc roughly the electrical capacity of a larger 
jar or condenser. 

Unit of Heat. Si^e Calobib. 

Unit Pole (^Mag'nefisvi), A polo such that if 
placed at unit distance in air (cr other material 
whose magnetic permeability is unity) from an 
'equal |H>le, it exerts on it a force of one dyne (all 
other magnetic forces being absent, and the two 
poles being assumed to be mathematical points). 

Units, Absolute System of i^Phys., etc,) A .system 
based upon certain fmidaiiicatal units (e.g. the units 
of mass, .space, and time) from which all others are 
derived by means of certain definite physical 
relations. 

Units, rimensions of {Phys,) 8.6 Units, 
Dbbivbd. 

Units, Fundamental and DerUed. The funda- 
mental units generally chosen are those of Lbngth, 
Mass, and Time. In most scientific work the centi- 
meti8, gram, and second arc used, though the foot, 
pound, and second arc also used (see Weiguts and 
Measubes). From these th.reo fundamental units 
others, termed Derived Units, are obtained. Thus 
the unit of area depends upon the square of the 
unit of length, but not in any way upon the units 
of mass and time. This is expressed in scientific 
language by saying that the Dimensions of this 
unit are 2, 0, 0, with respect to length, mass, and 
time. This elation is shown by a DimbnsxonAL 
Equation t^us : 


Tbe unit of volume has simHarly cliifiensiofiik 3, 0^ O > 
with reference to the three fundamental uUit-a. 

The chief units used in mechanics and their 
dimensional equations are as follows ; 

Velocity . . . . V =s= LT'"' 

Acceleration . . . A = W" 

Force , . . . . F^LMT'* 

Work W = L2MT-* 

See also Dtnb, Elasticity, Ekg, Poundal, Foot- 
pound, Hobse 1\)WBE, etc. Tbe units used in heat 
require a fresh unit, that of temperature, whose 
dimensions with respect to length, mass, and time 
arc unknown, and which is therefore represented 
by a separate symbol, 0. It has been termed a 
Secondary Fundamental Unit, The ordinary 
scientifio unit of heat, the CaloBIB (<r*t^>)i 
dimensions 

Q=:M^. 

See also Absolute Tempebature, CoNDUCTivirr, 
Dipfubivitv, Elasticity, Joule, Joule’s Equiva- 
lent, He, For units used in IJght, see PentANE 
Standard, Photombtby, Standard Candle, etc. 

The electrical and magnetic units are derived 
from tlie mechanical units, but also require the 
introduction of the j^ermoabilitv, y. (^.v.), and specific 
inductive* capacity, K (^.t?.), of the media in which 
the electrical and magnetic phenomena are taking 
pla<;e in order to bo complete. Two systems of 
units are in use. The first is the Electrostatic 
System of Units, in which unit charge is defined 
as that which exerts unit force on an equal quantity 
placed at unit distance from it in air. The di- 
mensions of this unit are given in the equation— 

• Q - 

From the unit charge the units of force, potential, 
capacity, etc., are obtained. 

in the second or Electromagnetic System the 
dimensions of the unit of quantity aro expressed by 
the equation— 

Q * 

The unit current is that in which unit quantity flows 
across a given cross section of the conductor in unit 
time ; the dimensions are given by 
C « LIMIT- V*. 

This unit is otljerwise defined in practice as follows : 
If unit length (1 c.in.) of the circuit carrying the 
unit current be bent into an arc of unit radius it will 
exert unit force (1 dyne) upon a unit magnetic pole 
placed at the centre of the arc. The Ampere iq.v-') 
11 one-tenth of this unit. Unit Difference of 
Potential exists between two points if unit work 
(I erg) be required lo be done in order to transfer a 
unit quantity from one of the points to the other. 
The volt is 100,000,000 or 10* times this unit. 

Unit Resistance is the resistance of a conductor 
in which unit current is produced by unit differ- 
ence of potential between the ends. The Ohm is 
1,000,000,000 or 10® times this unit. See also AMPERE, 
Capacity Conductance, Coulomb, Joule, Mag- 
net, Mho, Ohm, Potential Difference, Volt, 
Watt, etc. 

Uniyersal Ohnok (Eng,) A chuck with self 
centering jaws. See Self Centering Chuck. 

Universal Joint (Build.) A joint used in gas*, 
fitting to connect two pipes in such a manner that 
one of them can be turned in any required direction. 

or Coupling. See Hoqkb’s Joint. 
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Uftlvenal Machine (PrM,) A small 
macbine which may be work^ by treadle or by 
power. See ItPOCBAPHT. 

Unlock To loosen the quoins and fnrni- 

tare of a forme of type for the purpose of making; 
corrections, etc. 

Unsatopated Gomponnds ( A compound a 

is said to be unsalurated when a compound b can be 
prepared from it by direct addition of one or more 
than one atom or group of atoms in such a way that 
one or more than one atom in b is united to a greater 
number of atoms or groups of atoms than it was 
united to in A. Thus cat bon monoxide is an un- 
saturated componnd, because a compound carbon 
dioxide can be formed from it by direct addition of 
oxygen ; and we believe the oxygen to be added in 
such a manner that, while the carbon atom in carbon 
monoxide is united to one atom of oxygen, the same 
atom is united to two atoms of oxygen in carbon 
dioxide. Again, ethylene is regarded as on unsatu- 
rated compound because it unites directly with 
chlorine to form ethylene chloride in such a way 
that, while in ethylene each carbon atom is united 
to two hydrogen atoms and one group CHj, in ethylene 
chloride each carbon atom is united to two hydrogen 
atoms, one chlorine atom, and one group CH|CL 
This is represented by formulm as follows : 

Cl 

H— C — n H — <!) — H 


The double line joining the two carbon atoms in 
the formula for ethylene is the conventional way of 
indicating that ethylene is unsaturated, and un- 
saturated to the extent indicated by its union with 
two atoms of chlorine-^that is to say, ethylene could 
conceivably add on something other than chlorine, 
but in such a case the atoms or groups added must 
be chemically equivalent to the chlorine. Calcium 
chloride is not ordinarily regarded as an unsaturated 
compound, in spite of the fact that it can unite with 
water, ammonia, and alcohol to form compounds, 
CaCl, . 6H,0 : CaCl^ . 8NII, : CaCl,4C,H.OH ; for it 
cannot be shown that the calcium atom is united to 
any other element than chlorine in these compounds, 
and similarly for the chlorine. See Valency and 
Wbbnbe’s Theoky. 

Unsiied Papep (JViat.) ** Blotting” and other 
very absorbent papers are manufactured without size. 
Papers in which only a small portion of the ingre- 
dient is used — technically called ^soft sized” — are 
veiy suitable lor printing illustrated or half tone 
work. 

Unsmind Food. See Foods. 

Unstable Equilibpiutn ete,) See Equili- 

brium, Unstable. 

Unstpatifted Mocks iOeel.') A general term 
applied to Igneous or Eruptive Bocks, which do not 
occur in regular i^trata, Imt in more or less izregular 
mas^s, known as Uykss, Veins, etc, 

U Packing (E^.> See U Lbathbb. 

Upcast or Uptake A shaft in a mine 

lor the upward passage of air,. 


Upboaval (6M.} An upward movement ^ a 
portion of the Earths crust « the resulting di^daoiK 
ment of the rocks is aocompanled by dislocations^ 
faults, and other distnrbanom of the strata affected. 

Upholitm. The business of dttihg and ** covering” 
furniture with various materials, e.p. sptlDgB, .8tn8^,' 
coverings, trimmings, etc. ; also the. ^iCora^Ott of an 
apartment with textile fabrics, e^y* enrtaius, etc, 

Uppep Board (JlfuHo), (1) The board in which 
the feet of organ pipes stand. (2) The top board bl 
the bellows on which the weights are placed. JShe 
Organ, j>, 439. * 

Uppep Oaae (Typoy.) See Typography, p. 803. 

Upright Qpand (Jfusie). A ipand pianoforte 
made to occupy a vertical instead of a horizontal 
position, to save space. 

Upsetting (Shy.) (1) Shortening or tbiokeniiig 
metal either by hammering or by xnachinexy, as 
in the cose of a wheel tyre. See Jumping Up. 
(2) Spreading the teeth of a saw. See SAW 
Setting. 

Uptake (Sny., etc.) A flue leading from a fumaco 
to a chimney. 

(JUininy). Sec Upcast. 

Uranic Ochre A hydrous basic calcium 

i:ranium sulphate occurring in a.<;socialion with 
Htchblende. It is a yellow |)owtlery mineral. From 
Cornwall, Bohemia, and Connecticut. 

Uraninite (Min ) A synonym for Pitchblende (y.v.) 

Uranite (Copper) (Min.) Sec Torbbbkite. 

(Lime) (Mm.) See Autunite. 

Upaniom (Ckeni.) U. Atomic weight, 238*5. A 
somewhat rare metal belonging to Scries 12, Group 
VI. of the I'eriodic System (q.v.) ; it has the higbest 
atomic weight of all the elements. Uranium is a 
white metal ; melting point unknown, but high~in 
the electric furnace it volatilises more readily than 
iron. Specific gravity IS’7 ; in finely divided state 
it is easily oxidised in air, especially on heating, and 
it decomposes water slowly at ordinary temperatures, 
and quicker on heating ; it is soluble in dilute 
hydrochlorio and sulphuric acids. When heated to 
a high temperature (1C 00'*) it readily combines with 
nitrogen, so that this gas must be excluded from 
the apparatus in preparing the metal. It reduces 
solutions of many metallic salts to the metal, e.y. 
]*t, Au, Ag, Hg, Cq, So, It occurs principally in 
pitchblende (q.v.% which contains 40 to 90 per cent, 
of the oxide U^Og. I'he metal is obtained as follows : 
The vapour of uranium tetrachloride is passed over 
red-hot sodium ohlorlde to form the compound 
2NaCl . UCI4, and this may be heated with sodium or 
melted and electrolysed (50 ampbres, 10 volts) with 
carbon electrodes in an atmosphere of dry hydrogen. 
Uranium is a radioactive element (eee Badxo- 
ACTiviTY and Radium). It differs from Thorium 
(q.v.) and Radium in not giving an emanation ; a, 
and 7 rays are emitted by anuiiuin» hut the y 
radiation is the feeblest of the three. The metal 
owes its photographic properties chtefl;^’ to the /3 
rays, its ionising action chiefly to the a "rays. This 
can be proved by precipitating a uranyl salt solution 
with ammonium carbonate (m under Ulhnyi KitxateX 
treating the precipitate with excess of ammonium 
carbonate, and filtering off the slight remaUiing 
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precipitate* . The product, winch U in extremely 
#iithte amount^ ia called TJrX, and posseeses all the 
photographic activity of the otiginai uranium, while 
the uranium eolntion ia photographically inactive^ 
but eleotrically as active as before. While the 
activity of Uxa decays (half in about tw^ty^two 
days), the uranhim from which it was aeptunted 
leoovers its actinty at the same rate. One gram of 
uraniiun emits about 70,000 a particles in a second, 
corresponding to a development of beat equal to *3 
grain-calories in a year. The p and y rays contribute 
an amount of energy equal to about one per cent, of 
that due to the a ri^s. Compounds: Uranium 
carbide, is a crystalline, metallic-looking solid ; 

specific gravity 11^3. It is decomposed by water 
with evolution of a gas which contains about four- 
fifths of its volume of methane, the other fifth 
consisting chiefly of hydrogen and very small quan- 
tities of ethylene and acetylene, while two-thirds of 
the carbon of the carbide goes to form a mixture 
of liquid and solid hydrocarbons, saturated and 
unsaturated. \Mien heated it burns brightly in 
oxygen, and for the samo reason two pieces when 
rubbed together emit bright sparks. It is obtained 
by heating an intimate mixture of pure sugar 
charcoal and the oxide U.Oj, in an electric furnace 
(900 ampfercs, 60 volts). Oxides : Uranium dioxide, 
UOj (urauous oxide), is a brown powder; it is 
pyrophoric if obtained by heating nranyl oxalate 
out of air, or by reducing a higher oxide.in hydr^en 
at as low a temperature as poss]J)le. When obtained 
by reduction at a high temperature It has a coppery 
lustre, and is not pyrophoric; strongly heated in 
oxygen or steam, it gives the oxide UjOg. Insoluble 
in water or hydrochloric acid, but soluble in nitric 
acid and in sulphuric acid containing only a little 
water forming, on boiling, uranous sulphate. It is 
obtained by heating the oxalate out of air, or by 
reducing the oxide UjOg by heating in hydrogen. 
UuANiUM Tbioxide, UO,,: A brick-red powder ; loses 
oxygdh on heating, forming the oxide U,Oy With 
acids it forms uranyl salts, with bases it forms 
uranates. It is obtained by heating the hydrate 
UO^H^O, or uranylammoniam carbonate 

UO,.CO,2(NH,),CO„ 

or uranyl nitrate, at 260° to 300°. Ukano- 
SOUBANio Oxide, U^Og (uranyl uratiate, UO, . 2UO„ 
green oxide of uranium) : This is the most im- 
portant oxide of uranium. It is a powder varying 
in colour from a very dark green to black, but 
always gives a green streak. Insoluble in water, 
insoluble in dilate acids ; soluble in nitric acid, 
giving uranyl nitrate ; soluble in sulphuric or hydro- 
chloric acids at about 200°, giving a mixture of 
uranous and uranyl salts. It is reduced to the 
dioxide when heating with reducing agents, or even 
on prolonged heating in an indifferent gas (N or 00^). 
It is obtained by heating either of the two previous 
oxides or uranium nitrate in air. This oxide is the 
form uf which uranium is contained in pitchblende ; 
it is used to produce a black glaze on porcelain, and 
in the preparation of other uranium compounda It 
is obtained from pitchblende by the following 
process : The ore is roasted with sodium carbonate 
oontfuning a small quantity of sodium nitrate (the 
ore is sometimes roasted alone fimt), and the product, 
is extracted with hot water, which extracts sodium 
salts of uramum (a little), molybdenum, tungsten, 
and arsenic ; the residue is treated with a mixture 
of pretty strong sulphuric, acid and a little nitric 
adoT The dear liquid is separated from the residue 


(it Is ihii residue that dontaifis 
treated with excess of so^um Carbonate,; this 
tlou is boiled to remo^'e the last trac^ eff lipn smd' . 
calcium* The filtered liquid, when 
neutralised with sulphuric acid, yields luiMlifnaa.. 
yellow (sodium dloranote); if it is bcUed with cane^e 
soda it yields orange - coloured nntniam yellow, 
(probably another form of sodium diuranate); ref ill 
the liquid is treated with ammonium clloiide > 
yields a precipitate of uncertain'^compositioii 
impure ammonium uranate) which yields the oxide 
U,Og on ignition. Ubanio Hydbatb, MO,. HgO pt 
MOj,{OH), (also called uTonio acid), is a yellow 
powder, insoluble in water, but reddens moist litmus,, 
and when hot absorbs carbon dioxide ; on heating it 
yields first the trioxido (^.e.) and then the oxide 
U,Og. It is obtained by boiling an aloohoUo solution 
of uranyl nitrate till no further oxidation of the 
alcohol occurs, washing the yellow solid so obtained 
and drying it in air, then ia mcm, or by exposing 
uranyl oxalate in water to sunlight, and washing and 
drying as before. Ubanates may bo regarded as 
derived from the preceding compound by replace- 
ment of water by basic oxides. Normal, di-, and 
poly- uianates are known (11,0 . UO,. li,02U0„ 
K^OnUO,, where E is a monovalent metal or group). 
Ot the untuates the diuranates arc the commonest. 
Hodium Uiuranate, NajjU/yJHgO, is a light yellow 
or orange yellow powder obtained by adding in* 
sufficient or excess respectively of caustic soda to a 
uranyl salt solution (tee Uranosouranic Oxide). It is 
used as a pigment under the name uranium yellow, 
and in making the fluorescent uranium glass 
(greenish fluorescence). Chlouideb : A trichloride, 
UCl,, said to exist, UBANIUM TBTEAOHbOBIQB, 
UCl. : Dork green octahedral crystals ; volatilises at 
a red beat, and has a normal vapour density. Fumes 
in air, is deliquescent, and dissolves in water, 
forming a green solution ; reduces gold and silver 
salts to the metal, and ferric to ferrous salts. It is 
obtained by heating a mixture of any of the above 
oxides with carbon in a stream of diy chlorine, 
rentacliloride, which is formed simultaneously, is 
decomposed by beating in an indifferent gas, such as 
CO^ Ubanidm Pentachbobide, UClj, forms dark 
needles with green lustre or a light reddish-brown 
powder, according as H is formed by heating the 
tetrachloride in a slow or a rapid stream of dry 
chlorine respectively ; when heated it decomposes. 
It is deliquescent, and when thrown into water 
evolves hydrogen chloride. Ubanous Salts ; 
Uranous chloride is the tetrachloride mentioned 
above, Ubanous Sulphate, U(S0^),4H,0, forms 
green crystals; on heating it loses sulphuric acid 
and forms uranyl sulphate ; heated in hydrogen it 
gives the dioxide. It is formed by dissolving the 
oxide U,0, in hot dilute sulphuric acid, adding 
alcohol, and exposing to sunlight, when the uranjl 
sulphate which is fomied, as well as uranous sul- 
phate, is reduced to the latter. It forms double 
salts with the suljffiates of the alkali metals, e.ff, 
U(S0,)^,S0.H,0. Ubanyl Salts : Salts of the 
formula UO.jXj., where X is a monovalent acidradlbal. 
Ubanyl Oblobide, UO^Cl^: A yellow crystalline 
solid, easily melted ; soluble in water, alcohol, ether> 
It can be obtained by heating lAte .; dioxide Ift 
chlorine, or by dissolving nranic Eydralie m hydro- 
chloric acid and oiystsdllsing, when it sepmtes , 
with one molecule of water, Ubantl NXTBAlSk, 
U 02 (N 0 ,)|, is often, but erroneously, called uranium 
nitrate; It is a yellow solid withi green fluorescence, 
orystallisiag in coluflins dr plates, and with 
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from water ; melts at eXf] loses the water at 118®; on 
strongly heating it gives the oxide TJ.O^. The salt 
is soluble in alcohol (sss under Uranic Hydrate), also 
soluble in ether. It is phosphorescent. The solutions 
give an absorption i^>ectruis, as do all nxanjl salts. 
Ammoninm carbonate gives a yellow precipitate ' 
Bolahle in excess of the reagent, owing to formation 
of uranylammonium carbonate, UO,CO,2(KH^),CO,. 
Uianyl nitrate made by dissolving any oxide of 
nraniom in nitric acid and crystallising the solution. 
Uranyl phosphate, UO^IIPO*. with a variable amount 
of water, is formed as a precipitate when a soluble 
uranyl salt is treated with a soluble phosphate; it 
is a pale yellow solid, very insoluble in water and 
dilute acetic acid. Its formation is utilised both 
gravimetrically and volnmetrically in the estimation 
of phosphates* When heated it gives the pyro- 
phosphate in which form the precipitate 

is weighed in gravimetric analysis. Uranyl acetate, 
U 03 j(CjHj 0 j)j, is made by heating uranyl nitrate till 
oxygen begins to be evolved, then dissolving the 
residue in warm, strong acetic acid and ciystallising. 
On boiling its solution strong hydrolysis occurs. It 
is used hi estimating phosphates volumetrically. 
Uranyl salt solutions give a roddish-brown precipi- 
tete with potassium ferrocyanidc, and this reaction 
is so delicate that it is used as an indication of the 
end reaction in the estimation of phosphates 
volumetrically. 

Uran i u m Occurs only in combination in 

nature. The principal ores are ritchblcnde. Autunitc, 
Torbernite, Uranophane, Samarskite, Euxenite, Poly- 
erase, Anuerodito. 

UrunuB^ Plajiet {Aitron.) Distance from sun, 
1,781, 900, tXH) miles; diameter 91,000 miles ; periodic 
time, R4 years. Four satellites (if not more), which 
move in a plane nearly at right angles to the Ecliptic 
(75*). 

Uranyl Compounds (C7iem ) See Urakium. 

Urceus (Arf7/<z*eZ.) A ewer, generally of metal, 
to hold water for washing. The diminutive is 
Ubcsolus. 

Urea iChem.) CO (Carbamide). 

White prisms ; melte at 132® ; very soluble in water ; 
readily soluble in alcohol ; insoluble in ether and in 
chloroform ; it is a monacid base forming salts which 
are all soluble in water, the nitrate and oxalate 
being the least soluble — the nitrate is less soluble 
in nitric acid than in water, and therefore its forma- 
tion is us^ed as a test for urea. It unites with 
numerous metallic salts— /'.y. with sodium chloride, 
forming COCNH,)^ . NaCl . 11,0 ; with palladious 
chloride, forming 2CO(N’H,), . PdUl„ which is very 
insolable ; with mercuric nitrate (when warmed with 
a dilate solution of urea), forming the basic com- 
pound 2C0(NH,)2 * • SHgO (basis of Liebig^s 

method of estimation of urea). When heated a little 
above its melting point, urea gives off ammonia and 
forms biyret (^.r.) and cyanuric acid ; 

<Cnu! conh, + 

^ <^U*, - C^.K.O, + 3KHr 

A solution of urea iieated to lOXf is partially trans- 
formed to ammonium emanate (Ji per cent.) ; but by 


adding ^ver nitrate so as to precipitate Uie cyanato, 
about 88 per cent, can be transfonned : when boiled 
with alkalis, urea is hydrolysed ; 

CO<^ + 2HOK - OO(OK), + 2SH, 

A number of bacteria and moulds hydrolyse urea to 
ammonium cuboimte— some of these setb widespread, 
occurring in air, soil, and water ; the miorooooofis ureas 
is one of the commonest. Urea is decomposed, but 
not quite completely, by alkaline hypobromites, and 
less readily by alkaline hypochlorites : 

CO<^^» + 3KaOBt - 3Na^r + CO, + JT, +2H,0 

The carbon dioxide is completely absorl>ed if excess 
of caustic soda is used and the nitrogen alone escapes 
(basis of clinical estimation). Citrous acid decom- 
X>OBes urea completely : 

+ 2UNO, - CO, + N, + 3H,0 

In fairly strong solution urea reacts with phenylhy- 
<lrazine in strong acetic acid solution to form phenyl- 
semicarbazide, a white ciystalline solid melting 
atl70^• 

CO/NH, 

Urea yields a uitro-dcrivative — 


CO 


NH.NO,, 


ynn . 

nnii. 


which is obtained by adding urea nitrate to concen- 
trated sulphuric acid. It is a white crystalline solid 
which beliaves as a strong acid ; nitrourea is used in 
the preparation of semicarbazidc (^.v.) Urea occara 
in urine j an adult in health excretes about 1*5 litres 
of urine in 24 hours, and this contains from 21*5 to 
M grams of urea; it also occurs in the blood and 
perspiration. It can be obtained synthetically by 
gently heating ammonium carbamate— 


^^<osh, - coCvh: + 

also by the action of ammoohi on carbonyl chloride : 

CO<^} + 2SH, « + 2nci. 

When a solution of ammonium cyaiiatc is evaporated 
on the water bath to dryness, it is transformed into 
urea, NH^CNO ■■ CO(NH,)« In quantity urea may 
be pn»iiared by heating anhydrous potassium ferro- 
cyanide with potassium carbonate, when a mixture 
of potassium cyanate and cyanide is obtained ; this 
mixture is then heated with red lead till all cyanide 
is oxidised to cyanate (4KCN + Pb,0^ -» 4KCKO + 
SPb) ; the cyanate is now treated with ammonium 
sulphate solution, filtered from the potassium sul- 
phate that separates, and eva|>orated to dryness 
on the water bath; the dry residue is repeatedly 
extracted with absolute alcohol ; excess of alcohol 
is distilled off, and the rest allowed to stand Hill the 
urea crystallises out. To obtain urea from urine, 
the urine is evaporated to a syrupy consistency on 
the water bath ; when cool, conoontiated nitric add 
is added —urea nitrate crystallises out. Tlie nitrate 
is filtered off (through glass-wwl), decomposed by 
warming with barium carbonate and water 'for 
several hours, filtered from excess of barium car- 
bonate, and evaporated to dryness on the water 
bath; the mixture of barium .nilK^te and urea is 
separated by extraction with absolute alcohol as 
before. 
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U^ides (Ckern.) CompoundB formed by elimina- 
tioa of water between urea and an acid or aldebyde. 
Parabanio acid Cf.v,') is a nreido; ao are alloaan, 
alloxantin, uramil, etc*— all mentioned under Uiic 
Acid (j'.e.) 

Ufator iJMUiffy), Urn urinary duct leading from 
the kidney to 'the bladder or to the cloaca. 


Ufethaaes The esters of carbamic acid. 



CArimmic aoid (unknowii). Xthyl carbamate (urotbane). 
Ethyl carbamate is a white crystalline solid ; melts 
at 50*’; boils at 184*’; sublimes below its boilii^ 
point; easily soluble in water and in alcohol. It is 
easily hydrolysed by alkalis ; 


NIT, + c,ii,on 

Heated with ammonia, it gives urea. Urethane is 
obtained by allowing ethyl carbonate (a colourless 
liquid obtained by the action of ethyl iodide on 
silver carbonate) to stand in contact with ammonia 
till it has all gone into solution, then evaporating in 
vacuo. If amines be used in pla^e of ammonia, alkyl 
urethanes are obtained — e.y. with methylamine, 
methylurethane — 




is obtained; it is a colourless liquid. When an 
ethereal solution of methylurethane is kept cold and 
treated with nitrous fumes (from arsenious oxide and 
nitric acid), nitrosomethylurethane is formed : 


p,. .N.NO.CH, 


It is washed with water, then with sodium carbonate 
solution, and dried over anhydrous sodium sulphate ; 
its ethereal solution yields diazomethane (^.t\) when 
>va^od with caustic i>otash in mcth}l alcohol 
solution- 


Uric Acid (CVtem,) 
HN - CO 

OC C . Nil or 
>CO 

IlN - C . Nil 


N :C.OII 

I I 

HOC C.NH 

II II ^.C.OII 
N - C . N 


(2 ; C : H trioxypurine. Sifo Purines.) A white 
crystalline powder when pure (rhombic plates); 
one part di68)lvefi in about 16,()(K) parts of cold 
water or in 1,COO of boiling water; it is insoluble 
in the usual organic solvents (alcohol, ether, etc.), 
but is said to dissolve in warm glycerine. When 
heated it decomposes without melting, giving off a 
smell of burnt feathers, and forming ammonia, urea, 
^anic and cyanuric acids. Uric acid reduces 
Fehling’s solution. When carefully oxidised by 
nitric acid, uric acid gives alloxan au<l urea; further 
oxi<|^tion gives parabanio acid (^.v.) ; if the oxida- 
tion is effected by dilute nitric acid, alloxantin is 
formed ; 

HN - 00 IIN - CO CO - NH 


oi CO 

I ! 

HN-OO 

Alloxw. 


OC 


i 1 I 

C^O - CH CO 

- (!o CO - Jin 

AllozoDfcia. 

OC-NH 

CO 


oi - 

Pitzabanio sold. 


On adding ammonia to the residue obtali^ .by*,, 
evaporating nrio add with nitric add on the wai^ 
bath, mnrexide Is formedi Hurexide is4iheaina(i|iOnifiitt . 
salt oi purpuric acid (y.v.) This is an importaiit test 
for uric acidr Uric acid is a weiik dibasm add, and 
forms three series of salts ; vis. 0,H,llaNlO| (normal 
salt); Q,H,MN,0, (biurate); . C4H4N4O, 

(quadriurate), where M is a monovalent metal or 
base. The alkali urates are mc|e soluble in water 
than uric add itself, but the ^normal salts are 
resolved by much water into biurates. Ihe 
urates of certain organic bases are also far moro 
soluble in water than uric atid; i?.p. pipemzine 
(^.r.), which is used as a remedy (prolmbly useless) 
in goat. Lithiom biurate is very soluble in abater — 
hence the use of lithium salts in gout, but their 
value as a remedy is doubtful. Uric acid is com- 
pletely predpitated from its solutions by saturating 
the latter with ammonium chloride; the precipi- 
tate consists of ammonium biurate, which is quite 
insoluble in a saturated solution of ammonium 
chloride — basis of a method of estimating uric acid 
in nrine. The acid occurs in urine— a healthy adult 
excretes from 0-2 to 1'26 grams in twenty^four hours ; 
it is a common constituent of urinary calculi ; in the 
blood of gouty persons it occurs as sodium biurate ; 
it also Occurs in the excreta of birds and serpents. 
Uric acid can be prepared from the excrement of 
serpents, hens, or pigeons by the following process ; 
The material is dissolved in 5iper cent, caustic potash 
solution and boiled as long .'is ammonia escapes ; a 
rapid stream of carbon dioxide is passed through 
the filtered solution till it is nearly neutral ; the acid 
potassium urate thus precipitated is hltered, washed, 
dissolved in hot dilute caustic potash and poni'cd 
into excess of hydrochloric acid. If the precipitated 
acid is still coloured, the process is repeated Cfn it. 
Uric acid has been synthesised— (1) from methyl 
uracil (see Ethylacetoacetate), which is simul- 
taneously oxidised and nitrated by nitric acid ; the 
potassium salt of nitrouracilic acid loses carbon 
dioxide when boiled with water, and the resulting 
nitrouracil on reduction with tin and hydroclilorio 
acid gives aminouracil and hydroxy uracil. Ilromine 
water oxidises both these compounds to isodialuiic 
acid, and the latter when heated with urea and 
concentrated sulphuric acid yields uric acid. 

IIN - CO HN - CO HN - CO 

I I _ I I 1 r 

OC CH -» OC C.KOj->'OC C.KOj-»- 


Hll- 


CH, 


I U 

HN - C . COOH 

NitnmTacilio acid. 


HN - CH 
NitTonraeiJL 


HN - CO HN - CO IIN - CO 

OC doH -> Ot’ C.OH->OC ksH 

I II I II I II >co 

HN-CH HN-C.OH HN-C.Ull 

HydrozynmeiJ iK^dialnric 

iaobaiDiturio acid. 

Mid. 

(2) From malonic acid and urea, which condense 
under the influence o£ phosphorus oxychloride at lOO®* 
to the ureide of malonic acid (barbituric acid), which, 
in solution is converted by potassiusa nitrite into 
isonitrosobarbituric acid (violurio acid) — a compound 
also formed by the action of hydroa^yl^ine on 
alloxan. On reduction with bydri<^io acid, violuric 
acid gives aminobarhituric acid (uraniii), which on 
boiling with a solution of potassium cyanate gives 
pseudoun'e acid ; the latter when added to melted 
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oxalics acid or whea boiled with 20 per cent, hydro- 
oblorio add giveB aric acid : 

rH,N COOH^ HN - CO 

00 CH, 00 OH, H 

IhJt iooH/ fiJr-OT 

Uroa. Maloatc acid. Barbiitnlo add. 


HK-00 

00* i:KOH 

I I 

HN-00 

Violuric acid. 


IlN - CO 

oA Ah.nh, 

HN- Ao 

Unmil. 


HN-CO 

00 Ah.nh.co.nh, 

hIj-co 


HN-CO 


00 C . NH 

I II >00 

HN - 0 . NH 


Paeudouric acid. 


Uvlooniaji Rocks ( 6hol,) A name given to certain 
rre-Cambrlan igneous rocks in the neighbourhood of 
the Wrekin. The name is derived from Urioonium, 
a Roman station. See 1^£>Cambbiak Rocks. 


Urn (Arohofel.) (1) A large kind of vase with an 
oviform or a rounded body standing on a foot ; used 
as a receptacle for the ashes of the dead, as an elec- 
toral vase, etc. (2) A Roman liquid measure, equal 
to half the Amphora (^.r.) 

UrtioaocaB {Botany), A natural order of Dicotj- 
ledoii.s, comprising the Nettles, and in some classifi- 
cations the Mulberry and Elm. Many valuable iikres 
are obtained from plants of ibis order. 

{Music)* The first of the sol-fa syllables] In 
England and many other countries do has been sub- 
stituted for ut (see Soh-FA). Ut b6wol, Cflat; ufe 
di^se, C sharp. 

Uvic Add (CJ^cffi,) See I^rotritabic Acid. 

Uvitie Add (€hem), 

C.CH, 

HCfy^CII 

I I (Mesidic acid). 

HOOC.clv^C.COOH 

OH 


'White needles ; melts at 287** ; soluble in alcohol and 
ether; w’ben heated with quicklime it gives first 
metatoluic acid, then toluene : 


C.CH, 


HC 

HC 


0 : 


CH 

J 

^c.coon 


CH 


and 


c.cn^ 

nCr^CH 

hcL^ch 


OH 


On oxidation with chromic acid it yields trimeslc 
acid—the methyl gronp is oxidised to carboxyl 
(COOH). It is obtained by oxidising mesitylene 
(q.r.) with dilute nitric acid; it is also formed from 
pyruvic acid (^.r.) along with other adds by boiling 
with baryta water. The formation of uvitie acid 
from pyruvic acid is best effected by boiling with 
caustic soda, when two condensations occur; 


CH, 

CH, 

CH, 

Co 

1 

to • 

j 

A^cooh 

COOH 

OQOH 

CH,CO.COOH 


CH, COOH CH^ COOS 

\/ : V ^ 


O.OH 

C 

/ 

/N 

H,0 CHjCOCOOH 

OH 

T 1 

1 1 

HOOC:C 

HOOO.O C.OOOH 
\/ 

CH, 

CH 


Hetfayldihydrotriiii««le mUL 


COOH 

+ 2H,0 + 1 

COOH 
Oxnlio nold. 


The methyldihydrotrimesic acid loses carbon dioxide 
and two atoms of hydrogen when added to hot 
concentrated sulphuric acid, and forms uvitie acid. 

Uwarowite (Mi/i.) A lime-chrome Garnet of 
emerald green colour from the Ural Mountains. See 
Garnet. 


Y (C/iem.) The symbol for Vanadium (fl'.r.) 

y, V (Phys,, Png., etc,) A symbol for (1) Velocity, 
(2) Volume, (3) rotential Difference or Electro- 
motive Force. 

Yacoinium {Botany)," A genus of the. order 
JSricaeetP, represented in Britain by the Wbortlo- 
berry, Cowberry, and Cranberry. 

Yaeuum* Theoretically, an empty space, con- 
taining no matter whatever. In practice, the term 
is applied to a space containing a small quantity of 
some gas at a vcjy low pressure. The lowest pres.suro 
attained is less than the fifty-millionth ^mrt ofiTau 
atmosphere. 

Yaouum Brake (A'ng. ) A form of brake used on 
railway trains. The bmke blocks arc actuated by 
pistons working in exhausted cylinders, air being 
admitted on one side of the piston. The vacuum i.i 
producefl by pumps on the locomotive. Sffe mder 
Railways. 

Yaoaum Gauge {Bng.) A gauge which measures 
the gaseous pressure in a partially exhausted space, 
or, more usually in the case of steam engines, the 
difference between the pressure of the atmosphere 
and that of the gas, etc., inside the space under 
consideration. This difference of pressure may be 
expressed in pounds per .square inch, or in inches of 
mercury, just as the atmosi>henc pressure is. 

Yacttiiai Pumii. See Air Pump. 

Yacuum Tube (Phys.) A tube containing a gas 
at a very low pressure {i,e, a so-called vacum), 
usually fitted with electrodes by means of whioh^tbo 
tube is connected to the secondary terminals of an 
induction coil. A very characteristic series of 
phenomena accompany the electric discharge which 
takes place through the tube, e,g. bands and striae of 
light, and various forms of radiation, such as Ckthode, 
Lennard, and Riintgen Bays. See Eaxhation* 

Yalr« One of the henddic ** furs.** It resjpmbles a 
number of little shields placed in row8,^o altemata 
ones reversed ond of different tincture. Thetinotnxaa 
are argent and aaure unless otherwise stated^ See 
Heraldry. 
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i The 

i»itmber lOZ ato^ nrlilch can aaito with 

ona atom of an , element A may be taken as one 
meibod, of dedning the valency of A. But some 
elements do not unite with bydxogen, and some 
others that do form compounds whose molecular 
weigh^ are unknown. To meet this difficulty chlorine 
may be used to determine the valency of the element, 
•as it is known that one atom of chlorine unites with 
one atom of hydrogen. Using one or other of these 
means we have — 

MONOvALBtrr Elbmbnts (Monads) : 

H, CIH, BrH^Ffl, IH, AgCl, InCl, 

UivALBNrc Elements (Uiads): 

OHj, SH,, SeH^ 

Tbivalbnt Elements (Triads) : 

BH 

Tbtbavalent Elements (Tetrads) : 

CH^, SiH,, SnCl,, 

Pbntavalent Elements (Pcutrads) : 

rci,, WCl,. 

Hbxavalbnt Element (Hexacls) ; 

WC1«. 

The compounds used in the above table to determine 
the valency of the elements are all gases or are 
capable of being gasified at a high temperature, so 
that all the above formulae <irc correct cither at 
the ordinary temperature or at a high temperature. 
It is seen at once that some elements have more 
than one valency, e.ff. indium, tin, iron, chromium, 
phosphorus, tungsten. Again, while at moderately 
high temperatwes the following compounds SnCl^, 
FoOlj, CrClg, AlClj, FeClj, and CrClg (most probably) 
have the formulie ashigiied to them, at lower tem- 
f^erutures they have a formula which is in all cases 
doo^c the foregoing, viz. BiigCl., etc., so that some 
elements alter their valency with the temperature. 
If this view be nob taken, then it must be assumed 
that the simpler molecules in any one case unite with 
each other at lower temperatures, but are unable to 
do so at high temperat ures ; on this assumption the 
double mideculcs would be molecular ooropounds. 
In the above table the valency of sulphur, nitrogen, 
and lead are shown to be two, three, and two respec- 
tively. But the following compounds of these 
elements can all have thi ic vapour densities deter- 
mined, and are thus known to have the formulie 
assigned to them: 

SO,, 80^ SF., NH,C1. rb(CH,), ; 
and oxygen is divalent, duoiine, hydrogen, and 
chlorine monovalent, and the group CH3 is meblranc 
(CH|) less one hydrogen atom, and therefore also 
monovalent. Hence it must be concluded that 
sulphur may be divalent, tetravalent, or hexavalent ; 
nit^en trivalent or pentavalent, lead divalent or 
tetOTalent. It is now seen that the valency of an 
element varies with the nature of the other element 
ot elements with which it is united ; and as si]!l||blur 
trioxide breaks up on healing into the dis^do and 
oxygen the valency of this element chaugcaiwith the 
temperature. In the case of the elements sodium, 
potassium, calcium, strontium, barium, compounds 
capable of being volaUIised at temperatures suitable 
for vapoutileiisity determinaiion are not known 
(potaasinm iit^de Is an exception — in this compound 
potassium is tncnovalent), so, that their valencies are 
decided from the results of analysis alone. For 


, NH,. PH„ AsH. SbH„ InCl,, AlCl, BiCl„ 
FeCljj, CrOl*. 


example, tko^rauliofanidyidstt^^ 
of soainin chloride tOi be KaCI, bub its binedMlvm 
may be Na^Cl^ or etc.: How. sodimiti^lill w 

metal of low, meeting point (9$°>a&d chkdijis.is^ m ; 
gas, and it would seem unlikely that if .sod^nm 
chloride had the formula HaOl it would m»H Ul ,a 
high temperature : for instance, silver melts at 961^, 
and silver chloride which has the fonnula AgCl melts 
at 45(P. [n view of these facts sedlQm chloride, 
which melts at 81 li'’, is more likely to bavp the 
formula which would make sodium trivalent 
OlKa^KaOl, than HaOl. Thns it is .seen, that in 

Na 

Cl 

tho case of the important element sodium It is 
assumed rather than proved that it is a monovalent 
element, and a similar remark applies to all those 
metals which do not form vaporisable compounds. 
But it must be remarked that the sodium ion carries 
the same charge as a hydrogen ion, and so the ion 
is monovalent. In cases of this kind tho Periodic 
Hystem is of some service in determining valency — 
the metals of Group 1. are monovalent or trivalent 
except in tl.o case of copper, which is divalent. 
Sefi Periodic Svstbm: As another instance of the 
determination of valency in the case of non-vaporis- 
able compounds, tlie case of tetravalent oxygen may 
bo quoted. OxosiUM COMPOUNDS. From tho 
table it will be seen that nitrogen and carbon are 
respectively trivalent and tetravalent; but in the 
two compounds NO and CO these elements are 
almost certainly both divalent. To meet this diffi- 
culty these compounds may be called unsaturated; 
that is, the nitrogen and carbon are not acting in 
theifl with tbeir highest valency, and they have 
therefore the i>ower to unite witli elements or 
groups suffioient to bring up their valenoy* to 
three or five in the case of nitrogen and to fourln 
the case of carbon. Now nitric oxide unites more 
readily with oxygen tlian with any other element, 
and w’e then get the compound NO^, in which 
nitrogen is tetravalent •, or it may be assumed that 
the compound is formed first, in which tie 
nitrogen is pentavalent, and that this breaks down 
with two molecules NO, — that i«, the valency of 
nitrogen change** from five to four. Carbon mooT 
oxide adds directly one atom of oxygen or tw’o 
atoms of chlorine, and the carbon becomes teira- 
valent— CO.^ and COCl.^. lu writing the formulas 
for compounds, the valency of the elements con- 
cerned is geiierally represented by lines, every line 
attached to the symbol of an element representing 
its power to unite with one monovalent element or 
group. For example, 0«C»=0 means that caibon 
and oxygen are united together in such a way that 
one telravalent carbon atom is united to two 

H - C - H 

divalent oxygen atoms. Again, H repre- 

H — C — 11 

sents two tetravalent carlKjn atoms each united 
with only two monovalent hydrogen atoms and a 
divalent gro‘‘P -< ’14 latter 'case eacli 

carbon atom can unite with one monovalent atom 
or group and so become ** saturated.*' 

Oh , 


H -C-H 

II + Cl, « 

H-O-H H 

Etkyleaa. 


H - C - H 

-i-B 

k 
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The tw ) lines between the two carbon atoms in 
ethylene are not intended to mean ai^ything more 
than this. Two carbon atoms joined in this way are 
said to be ** doubly linked*” bimilarly» in accftylene 
CIl ^ 

III the two carlxHi atoms are ** trebly linked/* 

meaning only that each carbon atom can unite *with 
two suitably chosen mono\alent atoms or groups, 
or their equivalents, as two hydrogen atoms and 
CH CH, 

one oxygen atom |li + H.O » 1 . iSrr 

C’H CHO 

tl^SAtuRATED COMPOUNDS. There are many com- 
pounds whoso existence seems to be incapable 
of explanation on the ordinary theoiy of \aUncy: 
such are salts containing water of crystaUisution — 
e ff, CaCl,6H«0, and the complex compounds of salts 
of metals like cobalt and platinum with ammonia. 
Acconiiugly, it has been assumed that these arc 
** molecular compounds” ; that is, the molecule*^ com- 
posing them aie endowed with the ]iropoity of 
xiniting with each other just as the atoms of elements 
are, only there are no rales as to the valency of these 
molecules, hot withstanding the inadecjuacy of the 
tlioory of Valency, it has rendered, and still reudeis, 
imaluable service to Chemistry, ^his arises fiom 
two causes. First, it is easily and accurately applied 
io exhibiting the constitution of salts, at ids, and 
bases t and also the monovalent atoms and groups 
in these classes of compounds are those which in 
solntion carry a charge of electricity (‘(iual to that 
carried by the hydrogen ion, while the divalent 
elqments and groups carry twite that charge, and 
fco on. Secondly, the valency of caibon is leAtaik- 
ably constant, probably owing to its eleetinally 
iieutial character — it fo.ms, iii Penes 1 of the 
I'eriodic System (j'.v.), the border element, as it 
Were, between the elo<.tropositivc elements of 
(jlroiips L, If., and 111., and the electronegative 
elements of Gionps "V., VI,, and Vll. This constancy 
in the vulcjK'y of carbon has coiitnbnted mure than 
anything else to the development of Otgamc 
Chemistry. As to the nature of %aJency nothing is 
certainly known. For a laluable cAtensum of the 
theory of valency, see Weunuu’s Theoka Two 
examples of the application of \ alone y to the de- 
termination of furmulm are .appench d. (1) The 
formula for sulphur dioxide is This may be 

written 0 *=H*bsO. This gas unites, molecule for 
molecule, with chlorine, funning a stable c< impound, 
sulphur}! chloride, which will have the formula 
Cl 


O 


a ^ sa O, for the grouping 

ill 


stannic phosphate) " Caleitim is 

the stannic salts tetiAtf;aleiit, so we must ha\c : 


HV 

(a) 11 PO. 

. II 

II - I’O, 

11^ 

n.PO, 

W u.it), 
11,1*0, 
U,1'0, 


•c SOa 


+ 3Hn 


CiV=:fO, 

Ca< 

Ca^TO 

4* 

Sn ^ 

PO. 
1*0, 
TO, 

4* 

snriro.), 


*Kn 


3H, 


+- 12fl 


Valentenlte (Mht ) The orthorhombic antimonic 
oxide Rbg( \ {ef. Senabmontite). Antimony = 84 % 
Oxygen lo*7 per cent ; often in aciciilai ciystals of 
a white or greyish coloui, wrfth high lustre: It is 
an alteration product of other antimony' ores, ami 
occurs with tlicm at numerous mines in Bohemia, 
Saxony, etc. 

Valeric Acids ( ( "heat .) C ( V^ulci ionic acids). 

There are four of these acids : ** * 


1 Ktinnal 

§ 

1 

HI. MethyluU)}!. IV. 'TI riiUeUiy]. 

valpric lu id 

HCld. 

Hcrtie acid (con- aoetio Sc id. 

D r. 

U.r. 174°. 

taiDR an ORymiueti ic M . F. S5°* 
airimn atom). BiP. 103°. 

B.r. Vlt>\ 

CH, 


CII3 Clh 

(II, 


^ 1],('-cLch, 

1 1 

cir 

cri 1 

1 cn, 

1 

1 COOH 

1 

C’H 

COOIT 

('ll. 

1 ' 

- 

('0011 

C(K)11 



1. A (*olourlo<»s liqunl ; sparingly soluble in water; 
smells like btttyiic «iud. Tt can lie obtained 
s\nthcticall3 from inahmic ester and pi opyl ,jodide : 

COOC li3 


OH, 

000(^,115 

roocyia 


000(^,H, 


n ,1, 1 Cll^CUCIIa 

-0 — CT w’ould bo un- ' • 


I 


stable (Hypochlorite group). Sulphuiyl chloiide 
reacts with water in the pro^rtion of one molecule 
of the former to two of the latter, giving sulphuric 
and hydrochloric acids : the only feasible way of 
lepresenting this reaction is 

Cl OH 

I . HOH 1 

o«s«o+ o«h = 04 - 2nri, 

i HOH I 

Cl OH 

thus giving the constitution of sulphuric acid. 
(2) The formula for phosphoiio acid being II,PO., 
what will be the formula for calcium phosp^to and 


(’OOr^H, 


ClIaCH^CH,! 

Cll.ClI^CIIj.CII, 

tool! 


TI. A ooluiirlcss liquid ; sparingh soluble in watef I 
it has a disagreeable smell of old cheese : it is 
oxidised by cltjomic acid to acetic add and cStirbon 
dioxide, it occius in valerian root as bomyl ester, 
in the wild guelder loso and a number of other 
l>lants, as a deeompovitiuu pro<tuct of protcids, and 
111 peiKpiratioii. It is obtained, bat nut free from 
Jll, by oxiiiising am}l alcohol with potassium 
dichroniatc and siilx>huriG acid ; a pttre preparation 
can be obtained from mqlomc acid and isopro]i}l 
iodide (c/. I.) Its isoamyl ester smells of apples, 
and is used as a ihxN curing agent, • 

III. A coiouiloss liquid ; smells like 11. ; on oxida* 
tiou It gi\es carbon dioxide and acetic acid. It is 


ail 'thM form^ (deaifro-, l«vo-, and in* 
'‘active^ ; tbe *l(a\o*acid is obtained wKon Boxfl 
alwhol ifl oxidised. Synthetically k can bo ob- 
• tained j&ither from ethyl malOnate oi* ethyl aceto- 
aceta^'^ * 


OOOCjHj COOC^J* C00C.,H4 

CHg ^ * CM, 

io "» Ao -» <^cn|‘ 

4saOH, , (• i 

.] I Nt-Hj yQQJj 

COOC'jIT, {'000,11^ 

The inactive acid so .obtained can b s resolved by 
brucine, the lasvo-salt ))eiiig the less solnide. The 
acid occpis in angelica oil, whiph is used in flavour- 
ing liquenrs. 

IV. A white solid ; sparingly soluble in water ; 
smells like 11. and also like acetic acid. It is pre- 
pared from tertiary butyl alcohol by con\erling it 
into the iodide, the iodide to nitrile, and hytlro* 
lysing the latter. also STEiiEOCH&ttiSTRT. 

Tidley (Build,) The V-shaped hollow between 
two inter«iecting roof suilajcs. ^ 

YaloAia (Botany). The commercial name given 
to the unriiKs aemn^ of tfmrcfis ^llyUops (ordc., 
t^umlifera')^ used in tanning, and obtained from an 
oak grown in the Levant. 
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handle is raised the foul air may escape into tha<4teli 
air instead of into the apartment. s 

Yulva iMbfram. A diagram showing the oxaei ^ 
position of a slide valie, and consequently the open- « 
ing of tbe ports of the engine, at any positloa of the 
stroke. There are several forms, due to RKirLSAUX, 
ZsuKIBft, etc., but they all aim at giving geometrical 
representation of the samt^^ts. w . 

TalYe» Eieotric (Bleat. ISHg.) (1) Any meohaolcal 
valve operated by electrical means. (’2) More usuaRy, 
any conducting arrangement which permits aourreCt 
to flow in one direction only, and which may therefore 
be used to rectify an alternating current, It may 
take various forms : r y. *a particular kind of elea|p}- 
lytic cell, or a suitably designed vacuum tube. 

Talve Face (Eng.) The suifaoe on which a val^e 
rest^k or moves : applied especially to the surface On 
which a slide \alve (q.v.) works. 

Talve Gear (En^.) The mechanism which moves 
the slide valve (or its equivalent) in an engiuOi ' iSag 
Link Motion. * 

Yalire Rod A rod, one end of which is 

flxed to a \nlvre, the other end passing out thfOugh a 
suitable stuffing box, and being acted upon by some 
form of valye gear. 

Yalve Beat (Eng.) The surface on which a valve 
rests : aj)piied to disc, ball, aud other forms of Valye 
other than a slide valve. 

Yalve Sector (Eng.) The slotted link in the Link 
Motion (y.v.) 

Yalve Spindle (Eng.) (1) Tlie rod by which a 
valve is moved. (2) The short rod (used in many 
disi valves, etc.) which guides the motion of a valve 
as it rises and falls. 


Yalve {Em].) A device for closing a pipe or 
jhassage iu order to control, or entirely stop, the 
llow of a liquid or gas. See Slioc V.vlvr, Ball 
VaIvc, t ‘ t (\ 

Yalve Box, Chest, Casing, etc. (Eng ) The case 


Yalve Spring (Eng.) A spring used to keep a 
valve in place, %.c. in contact with its scat, w'hen it is 
i not required to be open. Sprin'^s are oommonly 
fitted to tbe disc valves u.sed iu many forms of petrol 
engines (y.r.) « 


cr cover of a v'alve. 

Yalve Closet (Sanitation). Tins consists of a 
basin, with a cirmilar outlet at its lowest part, closed 
by a wnttrtight valve. This valve is binged at one 
.side and connected with the handle of the closet, so 
that when the handb* is rjrisc<l tlj(» valve is depressed 
into a metal bo.v which is Conner ted by means of a 
hipbon or ant i-D-^trap with the soil pipe, A valve 
closrt should not be flushed frrnii a water-waste 
preventer, but from ii small cistern holding from 
6 to 8 gallons of water, so as to provide an ** after 
flush,” that is, a supply of water to remain in the 
Imsin. To secure this uf t cr flush it is usual to employ 
what is know'll as a “bellows regulator,” a pi^ton 
moving in a cylinder and connected with the handle 
of the closet and the valve of the supply pipe. The 
cylinder is provided w'ith an air escape pifNS, fitted 
with a tap, whicli regulates the rate at which the 
piston dcsoendsi, and thus determines tbe amount of 
the after flush. When the handle is lifted the piston 
is raised, and tiio valve lu the supply pipe is opened ; 
but when tbe handle is released the water continues 
to flow until the piston falls and closes the valve. 
An overflow’ pipe, trapped, Bhould also bo provided 
to the basin, and to prai'ent siphonnge this should be 
connected with the supply pipe by a branch pipe, so 
that the water is renewed every time the closet is 
used. It is also advisable to attach a ventilating or 
*'pid£^ pipe to the valve box, so that when the 


Tamping (Jjeather Manufao.) An over swelling 
I of the skiu dining the liming or drenching, kooie- 
I time') termed “ blowing.” 

— (Music). Playing an extemporibod accom- 
Xianiment to a solo. 

Yanadinite (Min.) A v.anadate and chloride of 
le'id, 3rb,V/),. PbtMj. Hexagonal and isomorpbous 
1 with Kampv’lite (q.c ) It is usually in ehoit prisms 
I or globular masses of a yellow or greenish colour. 

I From Wanlockhead in Dumfriesshire, Siberia, 

I Mexico, etc. 

Yanadium (('Item.) V. Atomic weight. 51*2. 

A raie element coming between phosphofu.^ ami 
aisenic in Group V. of the Pei iodic S3 ^tem. In Its 
lihybical properties it resembles a metal; but its 
chemical propcities aio those of a non-metal. It is 
obtained by icdming the dichlorido in hydrogen at 
a blight rod 1 cat : ox.vgen, nitrogen, and water vapour 
must be ligidly excluded from the i^paratus. So 
pre])ared, it is a ci.vstallino greyish white powder; 
melU at 1,680®; Specific gravil}', 6‘5; bums tq the 
pcntoxldc when heated strongly in oxygen; heated 
in nitrogen it forms tbe nitiide 'VK ; heated in 
chloiinc it forms the tctrachh/ride YCl^; hot coh- 
cenirated sulphuric acid oxidises it; nit no acid of* 
any strength oxidises it. The element is widely 
distributed, but always in sma)l amount ; apparently 
it always occurs in thn^ form of vanadates. Thus 
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irADfidinite is ^Pb^yO|)n. ?bCl^ isoi^ppn|lK^tr,oWitlk 
apatite, pjromorpbite, luinietisUo (m tlum) mot- 
tramite, found in tbe Keupej (s,v.\ in Cheshire, is 
(Pb, Cu), ( VO^), . 2{Pbj Cu) (00)^ Five cackles axe 
known— namely, V^O to V/}y , Kone of them forms 
salts of the form Vm^-nf where B is the acid 
radical ; but cncysalts such as hjpovana^c snlphate^ 
a greenish blue powder, and vanadyl 
sulphate, V^O^CHO^),, red crystals, are obtained — the 
first by dissolving the tetroxide in snlphiuic acid 
and beating, and the second by dissulvii^ the pent> 
oxide in hot dilute (1:1) sulphuric acid. The most 
important oxide is the pentoxide, which is 

obtained from mottramite by extracting the crushed 
sandstone which contains the mineral with hydro* 
chloric acid and concentrating the acid’ solutions and 
washings, adding ammonium chloride and evaporat- 
ing again till ammonium metavanadato crystaUises 
out. 'lliis salt is repeatedly crystallised and finally 
heated — the pentoxide remains. To puiify it, it is 
again converted into ammonium vanadate, and tie 
latter decomposed by heat. It forms yellowish jed 
prisms; melts without decomposition; spailngly 
soluble in water ; with alkalis it forms vanadates — 
^.y.ammonia givesammonlum metavanadate, NIT^VO,. 
The tetroxide, V, 04 , is a blue crystalline powder, 
obtained by prolonged exposure of tlie tiioxide to air; 
insoluble in water. The trioxide, V^Og, is a black 
powder, obtained by heating the pentoxide in hydrogen. 
The dioxide, V^Oj, is a lustrous grey powder, obtained 
by passing the vapour of the oxytrichloride with 
excess of bydrt^en through a rod hot tuliC filled 
with charcoal ; insoluble in water ; soluble in acids, 
giving a lavender solution which readily absorbs 
oxygen and has strong bleaching properties. The 
existence of the monoxide is not established be.fond 
all doubt. The Vanadatks are derived from the 
pentoxide. Ko ortbovanadic acid, 1 I;,V 04 , is known; 
but metavanadio acid, HVO,, forms golden yellow 
scales slightly soluble in water. Jt is obtained by 
adding excess of ammonium chloride to a solution 
of copper sulphate, then ammoniujju metavanadato 
(jiee above} f till a precipitate is obtained ; the 
whole is wanned to 7v°, and the product is washed 
with dilate sulphuric acid, sulphurous acid, and 
w’atcr, and dried at 100®. It is usoil as a pigment 
under the name “vanadium bronze''; pyrovanadic 
acid, is also known. Hypo vanadates are 

derived from the tetroxide; thus potassium hypo- 
vanadate, KjV^O,j7HaO « Kfi . 2V.^O,7fIaO, foims red- 
brown scales very soluble in water; it is obtained 
by adding excess of caustic potash to a concen- 
trated solution of hypovanadic sulphate (ace above). 
Chlobii>es : Tetrachloride, VCl., is a dark brownish 
red liquid; boils with partial decomposition to 
trichloride and chlorine at 164®; fumes in air; dis- 
solves in water, forming a blue solution of hypo- 
vanndic chloride, VjO,C%; it is obtained bypassing 
the vapour of the oxytrichloride with excess of 
chlorine over pure charcoal heated to low redness. 
The trichloride, VCl- forms shining peach-blossom 
coloured tables BimilaT to chromic chloride ; it is 
deliquescent, and dissolves in water with a brown 
colour; soluble in alcohol, forming a greenish blue 
solution, and in ether forming a green solution; 
heated in air it forms the pentoxide ; it is obtained 
by heating the tetrachloride or by heating the 
trisulphide in a current of chlorine and separating it 
, from the sulphur chloride, which is also formed, by 
fractional distillation. The dichloride, VOl^, forms 
i^ple-green iustrons hexagonal plates; it is deli- 
quescent; soluble in alcohol and ether like - the 


pieoe^Ung 

the metal; it U obtained^ by. passing ibarvApfmiJoi 
the tetrachloride mixed with^puro bydimgm thtmigll 
a glass tube heated to low redness. Kie oxytri- 
chloride, VOClj, is a yellow liquid; boils dt 127®; 
vapour density normal ; emits red fumes in air and 
is decomposed by water, forming pyrovanadic (7) 
and hydrochloric acids ; It is obtained by heating a 
mixture of the pentoxide with charcoal in chlorine 
and redistilling the product over sodium in a ouirent 
of carbon dioxide. Three sulphides are known—- 
V-Sgl The trisulphido forms shining 

black leaves, and is obtained by heating the trioxide 
in sulphuretted hydrogen or ^^toxide in vapour of 
carbon disulphide. The other sulphides are obtained 
from the trisulphide by heating it in hydrogen and 
with sulphur respectively. 


Van dep^lRTaalB* Equation (Phyg.) The equation 
which expresses the relation of the presanro 
volume (v% and absolute temperature (0) for a perfect 
gas— 

pv = 

is only approximately true for any known gas. A 
more complcto rci>re8entation is given by the*. 
Equation of Van dcr Waals— 


(j> 

in which n and b are two additional constants 
depending upon the particular gas. 


Vandyke Brown (PaifU.) A useful pigment cf 
a rich grown colour used by grainers and house 
painters, and made by mixing lamp or other black 
with red oxide aiul toning up with yellow ochre. A 
belter quality is made by burning at a light heat 
cork cuttings, bark, etc. Vandyke brown is per- 
maiient, and works equally well in water, turpentine, 
and oil. 


Vane A plate, arm, blade, or other device 

projecting from an axis for the purpose of h{/ing 
acted on by a moving current of air, w.iter, ete., as 
in the case of a water wheel, turbine, windmill, etc. 

, Wind (^MetenroL) An arrow, or equivalent 

object, placed on a vertical support and free to turn 
horizontally. The dire«;tion tlie arrow points is the 
compaas direction from which the wind is blowing. 

Vanilla (Botany). The unripe fruit (Vanilla Bean) 
of the Mexican orchid planifolia (order, 

Orohidaoffp) are dried, and afterwards treated with 
oil to retain tho fragrance. An extract obtained 
from the bean is used for flavouring Ices, confec- 
t ionery, etc. Other tropical species, e.y. V. gmndijlom 
and V. aromaiica^ are also employed, but are not 
equal in quality. 

c.cno 

Vanillin | 

HCl^'C.OCH, 

COH 

White needles; melts at 8I-6.®; boils at 286® (170'' 
under a pressure of 15 mm. mercury) ; sublimes on 
heating ; Soluble in alcohol, ether, chloroform, hot 
petroleum ether, but slightly soluble in cold petro- 
leum ether. Tho smell of vanilla is due to this 
substance, and vanilla pods pontain about 2 |«r cent, 
of it; it is also found, but to a less extent, in gum 
bensoin from Siam and Sumatra. It u extensively^ 
used for flavouring confectionery and iCqueurB,, As 
an aldehyde It is easily oxidised to the correiqKinding 
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aold^ Vanillto msid, moiist air or ^ ammoaiftcal 

Allvar ; aodiucn amtilgani reduoes it ito . v»aUlio 
alooliol and to hydrovaailloin 




OH H0\ 

OCH, H.CO-^aH,: 
OHOH . CHOn/ 


it yields an ^ime and combines witii TOdSnm 
bydrogen sulphite. As a phenol it gives a colour 
i-eactioo^blue — with ferric chloride; it gives an 
acetyl derivative with acetic anhydride. As an ether 
it splits off methyl chloride when heated in sealed 
tubes with hydrochloric acid. It can be extracted 
from vanilla pods, bdt is now made ariiflcially in 
a variety of ways. (1) The glucoslde coniferin 
cccurs in the juico of the cambium of fir trees, and 
may be obtained by boiling the juice, filtering, and 
evaporating till the glucoside will crystallise out ; 
the eoniferin is then oxidised by rather dilute 
chromic acid, yielding a gluooside of vanillin, which, 
on hydrolysis by dilute stilphurio acid, yields glucoso 
and vanillin, and the vanillin is extracted with ether, 
(2) Eugenol is converted into isoeugenol by 

iMiling i t with caustic potash in amyl alcohol for about 
twenty-four hours, distilling in steam to remove the 
alcohol, and liberating the isoeugenol with an acid ; 
the isoeugenol is acetylated with acetic anhydride, 
oxidised with potassium permanganate iu acetic 
acid solution, and the oxidation pr<^uct hydrolysed 
by caustic potash; the vanillin is extracted with 
ether and purifioAl by means of its sodium hydrogen 
sulphite compound : 
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Compare TipbuoXal. (3) From protocatechuic 
aldehyde (from c.'itechol (q.vJ) by lioimcr’s reaction 
(q.v,) by shaking with dimetliylsulphate (Patented). 
(4) Fromguaiaool. .Scv Ketmer’b Ueaction. There 
are seyerjd other ways of obtaining Vanillin. 

Yaniahtng Point (Paintinq and Drawing), The 
point at which all the imaginary lines iu the per- 
spective of a picture or drawing converge : the 
intersection with the picture plane of a line or plane 
passing through the eye and parallel with the original 
line or plane, i.e, one in nature, etc. 

«rad Vi^ioup Pressure (Phgg.^ A vnpour 
is best defined ns a gas which can be condensed to a 
liquid' by the ax3pllcation of pressure alone, without 
the necessity for lowering the tem^xiraturc. 

The actual gaseous pressure exerted by a vapour 
is termed the Vapour Pressure or Vapour 
Tension. If the vapour be in contact with its 
liquid, this pressure attains a certain value, whied:^ 
depends only upon the temperature, and is termed 
the MAxiiuuAi Vapour I»»essube, or Saturation 
Pressure, and the vapour is said to bo a Saturated 
Vapour. If the s.pace cjMitaining the vapour bo 
jdlmiRished, ^me of the vajckittr will, in general, con-* 
dense to a liquid, the pressure remaining constant ; 
while an increase in the" volume of this space is 
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f<Alowed l^.^addittonalT evapdiml^^ wbicb 
the piessnte to its original value, eo long as any of 
the liquid remains;. When the liqidd lias entirely' 
evaponited into the space, and the volume ^is in* 

. ermed, the vapour behaves to a great eRtent^% R* 
similar manner to a gas, 4.e. the pressure falls, rlQie 
vapour is now said to be TTnsaturated. The preh*^ 
sure may be increased if the supply of beat be{ 
further continued; the vapour rises m tempierattne^^ 
and is said to be SuperhbateO. 

Sc long as the space above a liquid is slot saturated, 
vapour is Continually given off, i.e, slow IGVAPonk* 
TiON occurs. If the liquid bo heated, the vapout' 
pressure rises and evaporation becomes more rapid. 
When the temperature has been raised sufficiently,^ 
the vapour pressure becomes at leng^ equal to the 
superincumbent pressure, and bubbles of vapour tmO' 
formed within the mass of the liquid itself. TliesO' 
bubbles rise to the surface and break, i.s. BoiLlN^, 
or Ebullition occurs. 

The quantity of beat necessary to change unit 
mass of a liquid at any temperature into vapour at 
the same temi>eraturo is termed the LATENT HEAT 
OF Vaporisation. This quantity varies with the 
temperature: for water, the value of the latent 
heat L, at a temperature is given by E. H. 
Griflfitlis as 

L, -= .596-73 - -GOl f. 

Vajwar Premire , — The pressure of a vapour may 
be measured in various ways. (1) Borne of the 
liquid is introduced into the sp^ above the 
mercury in a barometer tube and the consequent 
depression of the mercury is measured. (2) The 
boiling point of the liquid is observed at a known 
tciuperature. 

Xapoar Density. — There are several methods by 
which the density of n vapour may be determined, 

(1) Dumas’ Method consists in ol^erviiig the mAss 
of vapour which fills a bulb or globe of known 
volume at a known pressure and temperature. 

(2) Victor Mever’s Method consists in observing 
the amount of nir displaced from a vessel by tho 
conversion into vapour of a small known quantity of 
the substance in a liquid form. The vessel is kept 
at a temperature above tho boiling point of the 
liquid. (3) HOFMANN’S (cr gay-Lussac’s) Method 
depends upon the introduction of a known mass of 
the liquid into the space above the mercury in a 
liaromcter tube, as in the first method described 
under Vapour Pressure above. 

Yar^eno (^Fumiiurey, A seventeenth century 
Hpanish cabinet serving the purpose of a secretaire, 
the body being box sliape<l and the front binged at 
the bottom. 

Yarlable Stars (Astron.) Stars which appear of 
. different brightnesses or magnitudes at different 
times. Borne are periodic, others are not. Tho 
periodic are divided into regular and irregtilar 
variables. 

Yarlahle Travel (Dng»). The travel, or distant 
moved through by a slide valve, can be altered at 
will in many forms of valve gear; e,g. with the 
ordinary link motion the travel oan be varied from 
nothing up to the full “ throw ” of the eccentric by 
altering the position of the link. Ure; HdtIOK. 

composed of sev^l coloars, and the bPlOQrs following; 
in successive len^lis. May be made on’ihe 
fraqie or the twisting frame. 
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Yaniiifa Yartiish is a lic^nid employed for 

V improving the appearance and durability of a isurfaoe. 
On drying hard it usnally has a lustrous shining 
coat, which resists the action of the air and moisture. 
Varishes are used in many trades, partionlarly by 
house and coach painters. They may be divided 
into two classes, bPisiT Vabnishus and Oil. 
VABKiSHfiS. The former consist of a resin sneh as 
shellac, dissolved in alcohol, and become hard by 
evaporation of the spirit; they are not suitable for 
exposure to the weather. Oil varnUhee arc prepared 
from various gum resins, linseed oil, and turpentine. 
These are raised to a considerable heat in order to 
cause the gums to dissolve. The turpentine (q.v,) 
is added in order to ** thin*’ the mixture and render 
it lit for application by a brush. The oil used in 
varnish making is almost invariably linseed oil(< 7 .v.), 
hut of late Chinese tung or wood oil has been 
successfully employed to a limited extent. The 
quality of varnish when properly made depends 
lirincipally upon the gum resins used. The chief 
of these are animi, amber, benzoin, copal, dammar, 
clemi, kauri, mastic resin, sanclaracb, shellac, and 
thus (q.v.) 

Manupactuee. — The process of making varnish, 
while comparatively simple, requires considerable 
practical experience in order to vary the operations 
according to the g^ums that are dealt with. It maj' 
be briefly exphiined thus : The gum resin is first 
sorted, cleaned, and crushed, and is then placed in 
the varnish jxit or kettle, which fits in a circular hole 
in the floor of the melting chamber, under which is 
the fire ]jit, In most modern factones the pots arc 
fitted with conical covers fixed to iron pipes, which 
communicate with a condensing apparatus w^crc 
the fumes are got rid of. In the cover is a srnall 
hole through which a rod is placed, and this enables 
the operator to stir up the gum from time to time, 
and to ascertain when it is all molted. The tem- 
perature during tlic melting is from fiOtP to 050“ F. 
When the gum is all melted — and f his can readily bo 
ascertained by an exjxjrienced (Operator— the lid of 
the pot is raised by means of a chain x>rovided for 
the purpose, the pot is lifted on to a carrier and 
wheeled to the varnish ro^ni, where boiling linseed 
oil previously prejfxired i.s added to it, and the mixture 
is then cooked. The proportion of the oil and gum, 
as w'ell as the degree of heal, vary considerably 
according to the grade of varnish that is being made. 
500° F. may be taken as an average heat for ordinary 
varnishes of the best grade. Generally the more oil 
that is added the longer w ill the boiling take. It is 
seldom less than two hours, and may last for eight 
or ten. In tlie latter case a stout varnish will be 
the rcKsult, and an incrcasjd quantity of turpentine 
will be required to thin it to the right consistency. 
To as'.iertain when the oil and melted gum have 
completely combined, the stirrer i i withdrawn from 
time to time and a drop of the varnish is allowed to 
fall on to glass, when it immediately cools and has 
a cloudy appearance if the materials arc not fully 
incorporated. The varnish being now made, the pot 
is withdrawn and allowed to cool, either in the open 
air or an open building prepared for the purpose. 
The turpentine is then added and stirred in. The 
" final process is to clarify the vaniish. This is usually 
effected by simply storing it in tanks for a few 
months, and then pumping it to other tanks for the 
purpose of giving it those peculiar., qualities which 
come only from age, new vanp’sh being almost in- 
variably most nnsati.sfactory. The best ^arnisbes are 
often etpred for several years, and it is imporliluit 


that an absolutely uniform temperature be m^aintoined 
llie year round. 

CoLOirn.-*In some Tarnishes a very light colour 
is necessary, as for example those which are 
intended for use over white work, maple, etc. In 
others colouring matter is added such as dragon’s 
blood, gamboge, annatto, turmeric, saffron, indigo, 
and oortain of the aniline dyes. 

Grades. — Varnishes are made in a great variety 
of grades for different purposes, and although many 
house painters sometimes mix different grades 
together, the practice is to be strongly deprecated. 
The following are the names o^some of the varnishes 
in common use : Hard^ carriage varnish, coating 
body, hard church oax, finishing body, elastic 
carriage, pale copal, crystal, mastic, white hard, 
violin varnish, Brunswick black, Berlin black, etc. 
There is also a variety of varnish termed FLATTING 
Vaknish, which dries without gloss, and is used 
wdth good effect to form a contrast with an adjacent 
lustrous surface, e g. the stiles and rails of a door 
may be varnished in the ordinary manner, and the 
panels be flatted. 

Defects. — Many of the defects in newly varnished 
work may be attributed to conditions, changes in 
the temperature, or a humid atmosphere during the 
time the varnish is being ai»plied. Thus a hall newly 
v'arnished will sometimes be found to bo clouded on 
one side due to the door being oijencd and a current 
of cold air being admitted wiiilst the varnishing was 
being i>rocceded with. A w'ell ventilated room, rather 
w’ann, kept at a uniform temperature with freedom 
from dust in the air, affords the best conditions for 
successful varnishing. — A. S. J. 

Yarnish {Photo,) A solution of resinous substances 
applied to the film of a negative to protect it from 
contact with the free silver nitrate in silver printing, 
and to resist the action of air and moisture. 

YaBCulaF Bundle The term given* to 

the longitudinal strands of the stem, root, and leaf. 
A bundle consists of conducting tissues (soft bast 
and woowl) and in some cases of a formative tissue, 
cambium, in addition. Cf, Cell. 

Yase. A symmetncal hollow vessel, decorative in 
character, generally high in pro£>ortion to its widtli, 
furnished with a foot, and eithtT with or without 
liandlos. Vases are generally made of some kind of 
pottery, but sometimes of glass, metal, stone, or other 
material. Ancient Greek vases were used for the 
]iurposes of everyday life, and the subject or mtttif 
of tlic decoration was often a domestic scene, so that 
the study of this form of art has shed much light on 
various phases of the life of ancient Greece, The 
following are the chief characteristics of Greek vases 
dating from the seventh to the thinl century B.C, — 
(1) Early or Athenian Dipylon style: geometrical 
ornament and grotc.uquo figures. (2) Corinthian 
style ; Oriental in character and consisting of bands 
or zones of animals, real and fabulous, and fdliagc, 
with figured borders, painted generally in black or 
dull red, sometimes in violet. (8) Black figure style ; 
the decoration is generally black, the figures being 
silhouettes drawn on the natunil ground; certain 
details sometimes added in other colours. (4) Red 
figure style : red figures on a black ground characterise 
the reriolcan age, the finest period of Greek art. The 
oldest surviving example of artistic vase is probably 
that numbered 22,569 in the 4th Egypimn Room at 
the British Museum. It is inscribed with the name 
of Meren-Ba (b.c. 8233). One of the most famous 
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exampleajis tho Portland Yase, a glass cinerary nm 
found near Pomo, in the so-called tomb of Alexander 
Sevems, and now in the Gold ftoom at the British 
lUttseum, Scenes from the legend of Pelens and 
Thetis form the subject of the decoration, which is 
cut in cameo. (See under Glass Manufacturu.) 
Among other famous examples may be mentioned a 
specimen of Chinese jwrcelain of the Ta Ming dynasty 
(A.D. 1426) in the Salting Collection, South Ken- 
sington; and “ El Jarro,” a winged vase of Hispano- 
Moresque origin, decorated with gold lustre 
arabesques, the ground being blue and white (in 
the Museum of tho ADmtnbra). See Amphora, 
CalPIS, CANTHARrii^ CRATER, CyLIX, CYATHUS, 
(ExochoI^, Oxyhaphon, ritocHoos, Btamnos, Urn, 
Pottery and Porcelain". 

Vaseline. A gelatinous, translucent, unctuous 
Dody derived from crude petroleum, and p«)pularly 
known as petroleum jelly. It is prepared by sub- 
jecting a selected quality of crude petroleum to 
dry heat in iron vessels until tlie lighter portions arc 
driven oif in vapour, and there remains tho heavier 
portions of oil in a highly concentrated state. After 
repeated ILltoring through bone black, ^a6eline is 
obtained in the form of a solid jelly whicli is odourless 
and of a white opal colour. It is perfectly neutral, 
and entirely free from taste. Throe variet ics arc on 
the market, known resijcctively as “ white,” “blonde.” 
and “red.” White Aaseline is used for internal 
administration, for external applications of a delicate 
nature, and other rctined toilet purposes. It is also 
successfully employed as the vehicle for several 
caustic, disagreeable, and nauseating medicines such 
as quinine, iodine, chloral, etc. Vaseline is the base 
of many toilet preparations and ophtlialmic pomades 
and salves, and it is most useful to surgeons. The 
blonde variety is most generally met with, and is 
used for all sorts of wounds, burns, bruises, etc, 
Ited vaseline is employed for ordinary pliarmaceutical 
oddments, for veterinary pin poses, for preserving 
Icjfther, etc. The word “va.selinc” is the property 
of the (Jliesebrough Manufacturing Company, and in 
this country can only be lawfully applied to their 
preparations. 

{Chem.) A semi-solid mixture of hydro- 
carbons chiefly of the parafliu series ; melts at 35° 
to 5f)°; insoluble in water, sparingly soluble in 
alcohol, readily soluble in ether, benzene, chloroform. 
It is obtained from crude petroleum b}' distilling 
the lower boiling portions first, then further dis- 
tilling under reduced pressuie, heating by steam. 
Tlie residue is then liltercjd through animal cha**- 
coal ; the first portions of the tiltratc form the 
colourless vaseline, the later portions arc coloured 
yellowisli brown witli green fluorescence. Vaseline 
is employed as a lubricant, and in medicine in the 
preparation of some ointments. 

Vat {Paper Mnnnfuc,') Tlie wooden tank con- 
tabling beaten pulp from which handmade sheets 
of paper are prepared. 

Vatott {Silk Manv/ac.) A sort of reed used by tho 
tumer-on in tho process of beaming, to place the 
warp in its due order on the cane roll. 

Vault (Architect) (1) An arched ceiling or 
covering to a building or part of a building, usually 
constructed of bricTt or stone but sometimes of 
wood. (2) A subterranean apartment, whether arched 
or not. /Ste Barrel Vault, Groined Vault, Rib 
AND Panel A'ault, and Fan Vault. 


Veoim (JPftya) A vector is a quanttiyurhibh bas 
direction as well as magnitude, IKsjpiacemelDt, 
Velocity, Mechanical Force, Electric and Majgneticf^ 
Force, Electric Current. To specify any such yeet^ 
it is necessary to know (1) its numerical magnitude, 
size, or Tensor, as ihis is sometimes termed, and 
(2) its direction or Ort, «.e. the angle which it makes 
with Wime specified or arbitrary line. The Addition 
OJT Vectors is not the simple addition of their 
numerical values ; let a vessel sail a distance repre- 
sented in magnitude and direction by AB, and from 
B a distance represented by BC; these two lines 
represent di^laceroents, which are vectors, and the 
sum of those vectors is the resultant displacement, 
which is AC. 

B 



A further example of the addition of vectors is given 
in the process of finding the resultant of a number of 
forces {iice GRAPHIC Statics, 268). The theorems 
of the I^arallelogram of Forces, Polygon of Forces, 
etc., aic cases of the addition of vectors. Tho 
Ml LTiPLicATioN OF VECTORS is of mucli importance. 
'Jlic Scal‘ar Product of two vectors is the product 
of their numerical values into the cosine of tho angle 
between them. For example, if a force F act on a body 
which is displaced through a distance ao at an angle $ 
with the direction of the force, the work done is 
equal to the scalar product of the two vectors F and 
n, i.e. to F« Cof^. This quantity has no direction* 
i.s. it is not a vector, but a scalar quantity. The 
Vjjproit Product of two vectors is a third vector at 
ri^t angics to the plane containing the first two, and 
its magnitude is equal to the product of the numerical 
values of the first two, into tho eitie of the angle 
between them. The vector product is important in 
the tlieory of electricity, e.fjr. the force on a conductor 
carrying a current and placed in a magnetic field is a 
vector product. If the current be 5 absolute units, and 
I the conductor carryingit bo placed in a field of 1000 
lines i^er square cejriiaietre, so that it makes an angle 
of 60° with the direction of the lines of force, tlie 
mechanical force on tlie conductor is 6 x 1000 x sin 
60° dynes per unit length. 

Y Edges or Yee Edges When one part of 

a machine has to slide or move in a straight line 
over another part, it is usual to provide the fixed 
part with projecting edges whose cross section is of 
the form of the letter V. The moving portion is 
then formed with slots or grooves of corresponding 
shape, which fit the fixed edges or strips. The bed 
of a lathe, or the slides of a slide rest, arc examples. 
In certain other cases the fixed V edges may be on 
the moving part, the grooves being then formed on 
the fixed portion. This is usually tho case in large 
planing machines. 

Vegetable Black (Dee.) A very light weight but 
intensely black pigment, consisting almost wholly of 
ure carbon. It is made at the same time as lamp 
lack (| 7 .r.), being selected from that jjart of the 
stove vniich is farthest away from the fumade in 
which various refuse oils, etc., arc burned. Vegetable 
black is largely used in the znanufacturc of tbe finest 
printers’ inks, block varnishes, and by decorators in 
their finest work. 

Vegetable Ivory. See Cqrozo Nut. 
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Tegetable Oils. See Oils and Lubbioa^ts* 

Yei^stable TbIIov. A fat obtained from the seeds 
of i he Chinese tallow tree (Stilliuffia eeM/era), It is 
used to a limited extent in candle making, and has a 
specific gravity of 0*815, ai^ melts at 48—46^ C. 

Vegetable Wax, See OatnaOba Wax« 

yehlele iPaint.) The medlnm or liquid wdtli 
which pigments are mixed in order that they may 
be applied to a surface* See Pai’mting and UocrsE 
Taiktibg, 

Veil (l!7f)s/.) A piece of fhbric generally of light 
texture, worn over the face or head for iTotection or 
ornament ; in the middle ages a circular or semi- 
circular headdress or part of a headdress, falling over 
the head and shoulders. 

Vein ( Qenl,) A fissure in the Earth's crust which 
has been filled with some rock or mineral of a dif- . 
ferciit character and origin from the surrounding 
rock. In many cases veins are formed of igneous 
rock, e.g. Granite. Cf, Minkbal Vbins mid 
Mbtallifebous Veins. 

(Sool^ The term applied to the vessels con- 
veying blood towards the l:eart. I'he walls are thin 
and easily distended, and the bloorl pressure in the 
\eins is slow and variable. See Artery aii4 
HAEMOGLOBIN. 

Vein Stuff {Mining), Gangue {q.v.) 

Yelarittm {Archeeol.) A coloured awning sup- 
ported by masts, to shelter the audience in a Homan 
theatre, etc, 

Yelloped {Her,) Having the gills of a different 
tincture from the body, e.g. as a cock. 

Vellom {Bind,) A white and nearly transparent 
material, consisting of the membranous portion of 
calfs skin. Similar but superior to parchment, 
which is made from the skin of the sheep. Afuch 
used formerly in antique binding, and still used for 
cxj)cnsive bindings, printings, etc. The term is also 
applied to materials manufactured from other 
substances. 

Velooe; Velocita, Con {Mmic). Hapirh 

Velooemente {Mneic), Kapidly. 

Velocity of Sound {Phye.) Kewton calculated 
ihooretically that the velocity of sound in a medium 
should be equal to the square root of the elasticity, 
divided by the square root of the density, or 


Taking the isothermal elasticity in the case of a gas, 
E « P, this gives too low , a value to bo reconciled 
with the result of experiment. The explanation of 
this fact is that the adiabatic elasticity, £—7]*, 
should be taken ; the correct equation is, therefore, 

-v? 

Cf. Elasticity of Gases. 

Veliim. See Velabium. 

VdlTet. A x»lain fabric with a fine pile or far 
surface of silk, made from two warps. Three picks 
of weft having bound both warps by twill or .tabby 
tie* the pole or pile warp is alone raised, and a 
git^ved wdre placed under it transversely, groove 


upwards. The weaving is pitioeeded '^thuntiithia^ 
wires altogether are In the cloth* when the ffmt wfae 
is cut out by means of a sharp instrument, caHed a 
truvat* being drawn along the groove of the ivbe* 
This operation produces the pile. ^ ^ ^ 

Velveteen {Cotien Manutfae^ A heavy hacked 
fabric woven in the grey state and afterwards dyed. 
It lias a surface composed of small floats 

arranged in regidar order. These floats are 
wards cut so as to form a furry' and silky idle,\liKe 
velvet in appearance. 

Velvet Finish {Woollen Mannfae.) Velvet or 
vertical pile obtained by the process, of raising on 
woollen fabrics, such as rugs. Bee PILE, 

Vena Contraeta {Enp) A stream of liquid Issuing 
from an opening 1ms in general a diameter smaller 
than that of the opening. Buch a jet or stream is 
termed a Vena Coiitmcta. The amount of contrac- 
tion depends upon the average angle at which the 
^articles of the liquid arc approaching the opening. 

Venation {Botany), Tlie system of branching 
and arrangement of the veins or vascular bundles 
(17. f.) in leaves. 

Veneer. A thin layer of some valuable material, 
wood, ivory, motlier-of -pearl, stone, etc,, which is 
fixed to a commoner surface for the sake of effect. 
Veneers of wood are cut from the li>g by means of 
long knives or saws, the log being in some instances 
rotated in fontat t with the cutting edge, and are 
afterwards jdaiied, hhapod, and polished by machinery. 

Veneer Chtter. A^ekeeb. 

Veneering Hammer {Cabinet Mahinfj), A tool 
with a wide, thin j ane, used for pro.«$sing out super- 
ilnous glue from beneath the veneer when it is being 
fixed in j>08ition. 

Venetian ( or Worsted Manvfac.) Afina 
twilled cloth, usuHlly twist warp, and made chiefly 
for covert coatings. 

Venetian Blind. A blind made of laths of wood 
Kup,)orted tran.Nversely by two or moj'o tape ladders, 
and so arranged that when tlie blind is full open the 
laths lie in a horizontal plane and the series of 
openings admit light. Hy adjusting a cord, the 
laths can ho turned at angle so as to overlap 
each other and excliido light. 

Venetian Olass. Tin.«« is inferior to English gloss 
in x>urity and lustre, but is caimble of being made 
into lighter forms, for which it is noted. See under 
Glass Mancfactubf.. 

Venetian Red {Dec.) A pale red pigment largely 
used ill lioufo and coach painting, and rcsetubling 
ochre or ferric oxide in composition according to the 
method adojited in its manufacture. Formerly the 
term Venetian Hed was applied lo a natural oxide of 
iron selected for its x>eculiar colour and being less 
purplish than Indian red, It is now almost whoUy 
manufactured by calcining either green vitriol ^ 
ochre. 

Venetian Shatter, A frame filled in with louvers 

{q.V.) 

Venetian Swell {Music), The name given to the 
stvell in organs. The shutters of the swell box fire 
generally hung horizontally, and shut by theft weight*; 
when hung vertically they have aspiring to shut them. 
Many organs have a balanced swell whiqji enables 
the organist to leave the shutters at any angle. 'See 
Musical Instbuments, 440. 



WMoir {BtfUd.) The tiame giv^ to a 
ifrindow Icame divided into three lights by maUions. 

Taiiteb TitiqitntiDe <i7eA) An oleomio obMned 
from the common Laron, and used in varnish making. 
It is of a yellowtsli colonr, is thick like honey, and 
is soluble in both essential and fixed oils, as well as 
in ether and alcohol. It melts at F., and has a 
c^ific gravity of 0*856. See alee Tubpbktikhu 

' Venioo Vhite (^Dee.) A white pigment made by 
mixing together eqnal parts o£ barium sulphate 
(barytes) and white lead. 

’ Vent (Ihuitdrp). A narrow passage made by 
thrusting a wire into^he sand of a mould to allow 
of the escape of gases while molten metal is being 
poured in. In certain ca.ses where these openings 
are insufiicient, actual pipes, termed Vekt IIpes, 
are inserted. 

( Of el.) See VEirr, Volcanic. 

TentU (1) A valve letting in or catting 

off wind from certain stops in organs. (2) A valve 
which when opened allows the wind to traverse a 
greater length of tube of brass instruments. See 
Valve Horn,/;. 435 ; Valve Trumpet, etc. 

Yentilatiiig Fan. A fan use<l cither for forcing 
fresh air into a space, or for extracting foul air. See 
also Sanitation. 

Ventilation. See Sanitation (p. €36), Aspira- 
tion, (ffifl Cubic Space. 

Ventilation of Sewers {ChilBng.) This is best 
effected by vertical shafts of sufficient height above 
the grouncl to (;arry the noxious gases away from the 
traffic, and as far as possible away fiom houses : 
ordinary manholes and openings at the ground level 
arc objectionable. 

Ventilation of Tunnels {Ciril JSug.) A long 
funnel is most easily ventilated by means of shafts. 
In cases where the tunnel lies at a groat depth 
{e^g. whore it passes under a hiil) shafts become 
impossible, and large fans may l;>e used, as is the 
case in the Severn, Mc^rsey, and Simplon Tunnels. 

Ventilator. A specially constructed air pasvsage 
ill a building ; a shaft in a mine, etc. For examples 
refer to Arsott’s Valve, Sanitation (p. 636), 
and Mining. s, 

Venting {Foundry), The formation of VkntS 
by thrusting a wire or thin rod, termed a Vent 
Wire, into the sand of a mould. See Vent. 

Vent Pipes (.Foundry). See Vent. 

Vent, Voleanio (.Geol) The opening or fissure 
through which volcanic products are ejected, Tlie 
lava, etc., wliich filled the vent may remain as a 
solid core after every other trace of the original 
volcano has l>ecn reiuovccTby denudation, and ancient 
'lents accordingly form very characteristic geo- 
grapbicid and geological features. 

Ant Wire (Foundry), See Venting. 

Yenns (Astren,) The planet between the Earth 
and Mercury. Distance from Son, 67,200,000 miles. 
Diameter, 7,700 miles. Periodic time, 0^02 years 

Yeratrine (Botany) An alkaloid used naedicinally ; 
obtained from Veratrum (a genus of Idliaeem), 
and from another liliaceons plant, the CevadiUa 
(Std^ameaulon qficinale), 

Verde Astieo. A green coating formed on the 
of ancient bronses by the action of the. 
elements. See Fatina. 


Veidigifci < Is usually a' ^ 

basic comer acetates ; blue veraigris .'ih' 

OuO. CnCCgH^OJ^. 6HA while light blae^luid 
products contain Oa(OyH|0;})^Cao:jH/>. -Tjh^afe 
used as paints in the piepaiation of other oenmer^ 
containing paints, and to a small extent tn mediome 
(externally). Verdigris is made in England by 
exjiosing i^tes of copper to the action of olojliba 
which have 'been soaked in pyroligneous acid ; thd- 
plates are then exposed to air^ dipped In watar.ligald ' 
exposed, and the product scraped off, the .pfoosslf' 
being repeated till the coppel* is us^ up. ^ The 
process requites several week«. 

Verditep (Paint,) A pale green pigment consisting- 
of basic carbonate of copper. It now but little' 
used. Blue verditcr is also made, and cohMsta 
generally of copper carbonate, copper oxide, and 
copper sulphate. Being somewhat fugitive it is not 
^ueb used. 

Verdure (Art,) The term is applied to tapestry 
in which the de.sign consists wholly or principally of 
trees or foliage. 

Verge (Arelioeol,, etc,) A rod, staff, or mace; 
used as an emblem of authority or as an ensign of 
office. 

vr Pallet Arbor (Clocks). The arbor, or. 

spindle, to which the pallets are fixed. This arbor 
also carries the crutch, by means of which the 
impulse communicated to the pallets is transmitted 
to Iho pendulum. 

Verge Board (Build,) See Barge Boari>. 

Vermiculate (AreMteet, etc.) Adorned with 
traocry Laving the character of the tracks made by 
wqjms. 

Vermiform Appendix (Ztwl) See Cascuh. 

Vermilion (Paint.) A bright red heavy pigment 
made by heating sulphur and mercury. Its chemical 
name is mercuric sulphide. It was formerly used 
very largely in painting when a bright scarlet red wOs 
required, but it is now being gradually suj){>]anted by 
the vermilionettos (q.v ) Vermilion has a good body, 
but is not quite permanent to light. A protective 
coat of varnish is therefore necessary when it is 
usod for outside painting. The manufacture of 
vermilion in this country is a secret process which 
is very jealously guarded. Vennilion cannot be 
mixed with white lead because of the sulphur it 
contains. See also Mercury Compounds. 

Vemnilionette (Paint.) A smcwliat vagu6 term, 
which is applied generally to a groui^ of red pigments, 
mostly made from eosine, which are intended to be 
used as substitutes for vermiUun, Vermllionettes 
are sold under a variety of names such as signal red, 
Markeatou red, fast red, post office red, etc. When 
protected by varnish the best vermilionettes remain 
almost permanent. Many of them, Jiow^evcr, possess 
the disadvantage that they bleed,'* i,c, come 
through any subsequent ooat of paint which may 
be applied over them. 

Vernal Eqainex (Astron.) See Equinoxes. 

Veraier. A device to facilitate the acenyate 
reading of a divided scale. It consists of a sdabH 
movable scale, which is graduated ih^wcli a ^o^nner 
that ft + 1 or H — 1 of Its divisions are equal in length 
to ft divisions of the original scale. division of 

the vernier is ther^oro less (in the fiyst oase) or m^ore 

(in the seoond case) than a scale division, by 1 of the 

length ot a scale division. In the ^gure, nine divlsiong 
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of the scale A arc equal to ten divisions of tbo veirnier 

B. The aeto lino of t<he .vernier is brought into such 
a position that it ooin- 

, cidcs with the point 
whose position is to 
measured on the scale 
A; in the iiguro this 
point, which is marked 

C, lies between C‘la.nd 
6*2 on the scale. The 
graduation line 8 of tho 
vernier coincides with 
the line 6-0 on the 
scale : it can be seen by 
inspection that the zero 
line of the vernier is *8 
of a sciile divhion above 
the line 6*1 on the scale : 
hence tho reading re- 
quired is 6*18. In using 
this vernier 1 he position 
of its zero line is first 
read to the nearest 
whole division on the 
scale, and the line on 
the vernier which coin- 
cides with n line on tho 

scale indicates the next decimal plac^. By this 
means a scale divided into tenths of the major scale 
division can be read with accuracy to hundredths. 
The smallest length which can be read off on tlic 
vernier is termed its I.east Count ; if w divisions of 
the vernier arc equal in length to n + 1 or » — 1 

divisions of the scale, the least count ia t of a scale 

u 

division, since this is the actual difference bttwibn 
one scale division and one vernier divi^iorl. 

Yenchiebung, Mit (Mush"), The equivalent in 
German for H7ia corda ; oh lie verscJiich'ung being the 
equivalent for ire vordc, 

Yene {Bfntdo). Those portions of a service or 
anthem which are to be sung by one performer to 
each part. The oth.er rKJrtions, except solos, are 
called the “ full.” 
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Yeraed Bine. See Tri<;oxometbical Katios. 

Yersin. Versed Sine; see Teigonometiucal 
Batios. 

Yeno (Prifitf etc.) (1) The left-hand page ; cf. 
Recto. (2) The rcveibc of a coin or medal ; e/. 
Obvebse. 

Yert. The heraldic tincture green. Represented 
by diagonal lines drawn from dexter chief to sinister 
base of the shield. See Hehaldey. 

Yertebrata (JSoolo^\ A division of the animal 
kingdom, characterised by having a backbone or 
vertebral column. 


' YertieaL Upright, in the direction along which 
gravity acts, or normal to the surface of a liquid 
at rest. A^ vertical line is easily found in practice 
by means of a fine cord carrying a weight, i.r. a 
plumb bob. The term vertical is often erroneously 
used instead of j^erpendicular or normal (y.'C.) 

Yeitlcal Boiler (ATag.) See Boilebs. 

' Vertical Circle {Astro n,^') A great circle passing 
through the zenith and nadir of the celestial sphere. 
Bee I’BiUE Vertical. 

Yortte^ Bngine (A'a/;.) Any engine whose 
4eylijader is vertical. See Bteam Engine. 


Vertical Beotioiu The section (^.v.) of an object 
by a vertical plane. 

Yetica Plscii {Arehiteet,) The nme given to a 
figure obtained by the intersection of two circles. 
It is used in window tracery and other features in 
Gothic architecture. 

(Arty A figure of pointed oval form, used 

as a symbol of Christ. An aureola used in repre- 
sentations of tbo Trinity or of the Virgin is generally 
of this form. See AUBEOLA and GLORY. 

Yeslciilar Btracture (ffeol,) A cellular structure 
found in lavas, slags, etc., in which a number of 
spherical cavities have been produced by steam or 
other gases before tbe consolidation of the rock. 

Yeatpy. See Sacristy, 

YeiUYianite. (Min.) See Idocrase. 

Yenglaire (Arms). A sixteenth century breech- 
1 fading cannon, having a detachable* powder 
chamber. 

Yczillnin (Are7ia>o2.) A battle signal or flag, either 
flxed or carried by a vexillary (standard bearer). 

(Her,) A scarf, encircling a pastoral staff. 

Viaduct (Ciml JSng.) A bridge consisting of a 
series of arches of masonry or other material, or 
some other form of structure, intended for Ciirrying 
a TOfidway or railway (1) over a valley, etc. ; (2) over 
some existing channel of communication. 

Yla Lactea (Astron.) See Milky Way, 

Yiameter (Surveying. A wheel with nn 
arrangement for recording the distance i>as8ed over 
when it Is rolle<l along tho ground. 

Yibrante (Music). Tremulous. 

Vibration (Eng,) In engineering this term is 
U.sually applied to an intermittent or i (Tegular 
motion, which is generally of an undesirable 
character, and is rarely used to describe any regulhr 
motion of the true character oi vibrations. 

(PJiys.) A periodic movement of small 

extent which may take a great variety of forms, 
not confined to ot.e plane. 

Vibrator Roller {V^nt.) Used in connection with 
printing machines. See 1'ypooimphy. 

Vibrio (Biol.) Bacteria in tho form of threads, 
with bcuit joints. 

Yiear Choral (Music). A lay vicar of a cathedral 
choir. 

Yict (Eng.) The tool used for ImUling the, smaller 
pieces of work while being operated upon ; it consists 
of a pair of jaws which can be caused to approach, or 
recede from, each other by a powerful screw or other 
device. There are very many fonns and sizes. 

Vice Bench (Eng.) A strong bench to wlucb a 
vice can be attnohed. 

Yieia (Botany). A genus of leguminosa repre- 
sented by the vetch, the tare, broad bean, otc. 

Yietoria Green (Deo.) Another name for Bruns- 
wick Green (^.t*.) Sec also Dyes and Dyeing. 

Victoria Red (Dec.) A vermilionette (g.v.) 

Vienna Lake (Dee.) Another name for Crtmspn 
Lake {q.v,) 

View (Art). A picture or sketch re^esentlng a 
landscape or seascape. See also Tbivate View. 
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Tl9W FlBdfip {Photo). An instrument emplo^red 
with liand cameras to show when the image will fall 
in the desired position on the sensitiyo plate. 

Ytew Meter {Photo), An instrument used for 
a^ertainiug flie amount of subject included on a 
given sise {Sate with the lens employed, without the 
neoessity of 'Setting up the camera. 

Yl^ette. (I) In old manuscripts, an initial letter 
decorated with leaves and tendrils. (2) A head or 
tail piece in a book. (3) A drawing, photograph, or 
other illustration having a background that gradually 
shades off and merge^ into the ground on which the 
print is made. 

YiAaettln^ {Photo). A method of printing in 
whic^here IS a gradual softening or shading off of 
ttie photograph towards the edges. This is effected 
by some form of mask or screen. 

YlgnolesRail {Civil Eng.) Rail w a 697-8. 

Yitfogne Tarn {Woollen Ma/nvfac.) Yarn com- 
posed of a mixture of cotton and wool. 

Yigore, Con {Muoic). With vigour. 

Tigoroiamente {MvHc). Vigorously. 

Villi {ZooL). Minute finger-like projections from 
the wall of the ileum. Tlicy project into the cavity 
«)f llie intestine, and absorb the nutriment from the 
cliyme. 

Yinasse {Chem.) Bee Trimethyl amine. 

Vine {Botany). The numerous products of the 
grajHi vine, Vifin Hnifcra (order, Vitacerp), are well 
known. The dried fruits form raisins, and the sumll 
fijcdless berries of the black Corinth grape constitute 
currants. 

Vinegar {(liem.) An impure dilute acetic acid. 
The amount of acetic acid varies from 4 to 15 i>er 
cent, llesidcs water and acetic acid other substances 
present, and the nature of the»e depends on the 
method of manufacture and adulteration. Wine 
vinegar is made by allowing inferior wine to forraent 
in cassks with good air access and at a proper tem- 
perature. This vinegar is ijale yellow to red in 
colour, and contains a little alcohol, ethyl acetate, 
and other eaters to which its aroma is due, and 
dissolved solids 6U(5h as alkaline acetates, tartrates, 
and phosphates. Malt vinegar is made by allowing 
a wort such as is prepared in the manufacture of 
alcohol with some added alcoliol, to drip over 

dcfil shavings covered with a growth of the myco- 
derma aceti (the organism which oxidises alcohol 
to acetic acid) and contained in a large oak tub ; 
the supply of dilute alcohol must be regulated, a 
suitable supply of air provided for, and a pn)per 
temperature maintained. In starting such a process 
the shavings must have been coated with the organism 
first by allowing vinegar to stand in the tubs some 
days. A stronger vinegar is made by running the 
prdfiuct withr added alcohol tiirough a second tub ; 
but an acid over 16 per cent, cannot be prepa^l in 
this way, for the organi.sra ceases to be effective in 
an excess of acetio acid. 8ucb vinegar is usually 
coloured by caramel. Occasionally it is adulterated 
with « mineral acid, but this is illegal ; it may 
contain traces of arsenic if the malt used in its 
preparation contained arsenic (from the fuel of the 
m^l^kiln). An inferior vinegar is made from 
pvroligneotiB acid {q.r.). Vinegar is used to some 
extent in medicine, e.g. for sprains, and in fevers 
(lowers the temperature and checks perspiration). 


Vinyl {JDheoi.) A name givea to the tl ^ ,* 
dig , 

thus vinyl bromide is 11 . * and vdntUmiine is 

CH, CHBr t ^ ,, 

II . Vinyl alcohol is not known, as it nndeMoea 
CHNH, , - "" 

rearrangement to Aldehyde 

CH^ CHj 


Viol da Braeela ; Tiol 4’ tom ; Viol da Oamba 

{Mnolc). See Musical Instruments, j;. 427. 

Viola {Mwio). See Musical Instruments, 

427. 

Violet ( Colours). Most of the violet colours now 
used are made from the anilines which are precipi- 
tated on a white base. None of them are quite 
permanent. 

Violin {Music). See Musical Instruments, 

2f. 427. 

Violin Diapason (Mneic). A metal organ stop of 
small scale and stringy tone. 

Violino Principale {Music). The leader of the 
orchestra. 

Violino Ripieno ( JAme). Violin parts required for 
filling in or strengthening the tuiti. 

Violle {Light). A unit of intensity of light. It is 
equal to the intensity of illnmination emitted (in a 
perpendicular direction) by one square centimetre of 
platinum at the temperature at which it melts. 

Violoncello {Music). A metal organ stop in the, 
pedal oigan of 8 ft. tone. It is the octave of the 
violoue. See also Musical Instruments, 427, 

Yiolone {Music). A metal organ stop in the pedal 
organ of 1 G ft. tone. It is an open Diapason or 
Gamba of small scale. 

Virginal {Music). The name applied in England 
during the sixteenth and seventeenth centuries to 
all kinds of musical keyed-instruments played by 
quills or jacks, but more especially to those of the 
Elizabethan period ; e.g. the spinet, harpsichord, etc. 

Virtu, Yertu (Art). This terms refers generally 
to decorative objects that are either old, rare, or 
curious ; ohjects of virtu. 

Virtual Current (Elect.) Tlie effective value of an. 
alternating current depends not upon its aveiago 
value, but is equal to the square root of the average 
value of the square of the current. Thus if (Jo be 
the maximum value of a current following a sin© 
law, C the value ^t any instant f , C «« Co sin 0, ftnd 
the virtual value, (J, is given by the eqnatiou 



Virtual Image (Phys.) If rays divergii^ flrdm a 
point A behave after reflection or refractioif as if 
they diverged from a second pQint B, then B is a 
Virtual Image of A. 

Virtual Voltage {Elect. Eng.) The square root of 
the mean value of the square of the voltage of an 
alternating current. If the E.M.F. vary according to 
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a stne ]awr, and Vo be the xnaadmnm volta^ V thie 
virtual voltage, then 



Cf. VlETUAL CUEBBNT. 

Ylrtnoao; ph Tirtttosl {Arty, One who 'ha« a 
critical knowledge of the fine arts, or of some branch 
of the fine arts ; an ajrt critic. Cf^ COKVOiBSfiVB. 

Yiiooae. A soluble form of cellulose obtained by 
treating the cellulose with alkali and bisulphide of 
carbon. See CblLuLose avd Wood Pulp. 

Ylicosimeter or Yiieometep, See VisoostTY. 

Yiscosity. The property possessed by a liquid of 
resisting deformation. The fact that liquids do resist 
attempts to alter their shape becomes notioeable when 
Si liquid is transferred from one vessel to another 
through a tube; it must then temporaiily assume the 
ibrm of the interior of that tube. In many cases the 
resistance of a liquid (take castor oil as an excellent 
example) to deformation can be observed by simply 
tilting a wide bottle containing some of it. The 
liquid assumes the new form thereby given to it 
sluggishly and reluctantly. This resistance is called 
viscosity. Being often associated 'with weight and 
stickiness, it is confounded with these properties, 
especially with the latter, although it has nothing 
to do with either of them. The words ** viscous” 
and “viscosity” nevertheless are derived from 
riinuM, the Latin word for birdlime. The opposite 
<f viscosity is mobility. AVe speak of water or 
alcohol as mobile liquids, of castor oil or fuagd 
butter as viscous liquids ; but tbe difference is one 
of degree only, and there are liquids so viscous 
and solids so plastic that we see what thin parti- 
tions divide the solid from tho liquid, and that 
the distinction between the two is arbitrary, and 
one of convenience merely. A mobile liquid may 
be defined as one which i-esisis change of form so 
little that the human eye cannot notice the resist- 
ance. The practical significance of viscosity is ver}' 
great in respect of lubricants, all of which Assess a 
l^roeptible degree of viscosity. The usual standard of 
measurement is rape oil. The vi.<icosity is measured 
by the time which the known volume of tbe liquid 
takes at a given temperature to flow through an 
aperture of known form and dimensions under a 
known mean pressure. The instnnnent used for com- 
paring viscosities is called a Visgosimetkb (or, by 
a shortened form, Viscometee). liedwood’s visco- 
meter, which is good type, consists of a silvered 
copper cylinder about 2 in. in diameter and about 
4 in. deep, to J^eceive the liquid to be tested. 'J’he 
liquid fiows out at, the bottom throngh^n agate jet, 
which is opened by raising a valve by means of a 
vertical spindlq. The support of this spindle also 
carries a thermometer to ascertain the temperature 
of the liquid under examination. The cylinder is 
immersed in a jacket, whereby it is maintained at 
a constant temperature. Inside the cylinder there 
is a mark, so that the liquid can always be filled to 
exactly the 8am3 depth. The whole instrument is 
mounted on a tripod with levelling screws, so that 
the axis of the cylinder may be made tnily vertical. 
This is essential to the proper outflow from the jet. 
A 50 o^cm. flask is put below tbe jet, and the exact 
time mquired to fill it to the mark is accurately noted. 
Tbe Allowing are a few illustrative exarapleB of the 
time taken: 


\irater 
Oocoanut oil 
Linseed oil 
Walnut oil . 
Safflower . 
Poppy seed oil 
Barth nut oil 
Garden cress oil 
Badish seed oil . 
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YiieountaBi (Build.) A roofing slate measuring 
18 by 10 in. Blates. ^ ^ 

Ylsible Horizon. The irregular line wHere the 
sky appears to meet the most distant visible objects 
on the earth *s surface. See also OffiKC. 


YIsor (Arm.) The front part of a helmet contain- 
ing the openings for seeing and breathing. The 
visor was sometimes movable aud sometimes other- 
wise. 

Yitreous Copper Ore (Mist.) See Cofpejb Glakob. 

Yitreout Electricity. Electricity of the same 
sign os that obtained by rubbing glass with silk ; 
positive electricity. 

Yitreous Rooks (Geol.) Eruptive rocks having 
a glassy btructure and apjaearance, e.g. Obsidian 
ig.r.) 

Vitriol, Bine (Min.) See ChalcakthitD. 

Yitriol Chamber (^Chem. Bng.) Tbe ” chamber” 
used in Bulphuric Acid Manufacture (^.c.) 

Yitriol, Green (Min.) See Copperas. 

Yitriols ( C/sem.) Crystallised sulphates of copt^er, 
iron, smc. Bee under oomj>ounds of these met^s. 
Oil of vitriol is sulphuric acid (g.v.) 

Vittm (Bidany). The oil ducts found on 
fruits of Umbelliferous plants. 

Vivace, Yivo (Mane), Lively. 

Ylvianite (Min.) A hydrous ferrous pliosphate* 
FesP^Oj, + 8H/y. ConUios ferrous oxide 41 *2, phos- 
phoric acid 81*2, water 27*5 per cent. Monosym- 
inetric, in sheaves of diverging crystals, green to 
indigo blue. In association with oilier iron ores in 
the mines of Devon and Cornwall, and in many 
foreign localities. Also in peat bogs, old drain x^ipen, 
and some dai s. 

Yizor. See Vison. 

Y Joint (Carj). and Join.) A joint between two 
boards, of which the edges to be joined together are 
chamfered. 

Yocalisation (Mueic). See Solfeggio. 

Vocal Score (Mudo). See Boone, p. 047. 

Yoce di Petto (Mueie). The chest voice. 

Yoee di Teita (Music). The head voice. 

Yoioe (Music). A^oices are of seven kinds, tie. 
bass (tbe lowest), baritone, tenor, aito^ or counter, 
tenor— these four are men's voices— contralto, mezsp- 
soprano, and soprano (the highest)— these three gre 
women's voices. Boys' voices are generally callad 
treble. S^ also Stave, p» 710. 

Yoleing (JYasiu). The axt of obtaining h particular 
quality ol tone in an organ pipe and of prcKmring 
uniform strength and quality throughout the entm 
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is one of the most delloat&‘Ml 
poits ol tbetinigan tmUder’^ nrt, and it^ is seldom, if 
ever, that a “ voicer " is good at both and 

*< 1000 ** voicing. 

Void (BuUd.') An opening or empty spacei, s.^. thh 
opening spanned by a beam, arch, ra£ter, etc. 

Voiit Ceietta (Mmie), A stop on organs and har- 
moniums producing a tone of a waving charaoter. 
8eepp, 441 and 443. 

YolaAte (Musio), Flying. 

Volatile JUkall (C%em.) An old name for Au- 
HONIA ♦ 

Volcanic Aah (^Qeol.') Bust, scoria), and cinder- 
like fragments ejected from a volcano ; this material 
may become conKoUdatc^cl in various ways into a more 
or less ooherenl rock, generally termed a Titff. 

Yoleanie Rooks (,Oeoh) A general term for Lava, 
Tuff, etc. {qM,) 

Volcano {Geol.) A volcano is essentially an 
opening in the crust of the earth, from which arc 
ejected lava, frag- 
ments of rock, dust, 
steam, and some- 
times other gases. 

The accuninlation 
of the solid mate- 
rials round the 
mouth oC llio open- 
ing, or Crater, 
gives rise in most 
eases to a more or 
less permanent 
cone, which is often spoken of as the volcano itself. 
The lower part of the opening, or vent, extends 
downward for an unknown distance, and finally 
commuuicates with a region of molten or inteJisely 
lifted materials. No smoke, in the proper sense, 
is poured out from a volcano, the dense clouds of 
steam, heavily charged with du^t, simulating the 
appearance of smoke ; and the rc/ieotion of tho 
glowing lava of the crater often adds the appear- 
ance of flame and Are, though neither of the latter 
oocurs. It follows therefore that the old definition a 

burning mountain ” is incorrect. The majority of 
active volcanoes are found in lines following the sea 
coast, eq, on the western shores of the American 
continent, or the north-eastern shores of the Indian 
Ocean. The illustzation shows a more or less dia- 
grammatic section through the extinct volcanic 
remains of Largo Law in Scotland. 

Yolonte, a iMusio). At will or pleasure; the 
equivalent of ad libitum. 

Volt (^Meot,) The unit of electromotive force 
employed in practice. It is that electromotive forc‘e 
which when applied to a conductor whose resis- 
tant is 1 Obni (y.u.) produces in it a current of 
1 Mip^re (^.u.) The K.M.F.*s of most of the or- 
dinary primary colls lie between 1 and 2 volts. 

Volta (Mu8ia\ Time. Prima volta, first time (see 
PRIMA) ; seconda wlta^ second time (see 8egondo). 

Voltage .(IClect, Mng,') Potential dilfcrenoe, 
usually expressed in Volta 

Voltaic (Meet.') An old term applied to electric 
phenomena produced by the current obtained from 
Witerles. 

Voltaic Hell (Elect,) See Oeles, Primabt. 



* Volcano. 


A. Original Bockti (CiivlKmiferouis). 
R. Tuifs. 

C. Basalt filling tbe vents. 

B. lAva Sheet. 


^ ftrftiiBMitop svpieoo 

which oheuiaoal decomposition m 

paesage of am electric current; if tho innouiit 

such deoompositioii be jsteamti^'ay. the vbloni^ 

a gas given off, or 7 the weight of a metal deposited 

on the Kathode, the quantity of electribit^ W^hieh 

has passed through tbe cell can readily be caiculated. 

Voiti (Mvsie), Torn ; as voUi subite^ tuxu quickly. 

VattineteF (Elect.) An Instrument for tho dhecib 
measurement of volt^e or potential differeuoe. The 
main types of voltmeter are follows : ' " 

(1) Magnetic VoUmeters.^Thiese a^ in principle 
high resistance galvanometers, constructed either 
with a fixed Coil and moving magnet^ or preferably 
with a fixed magnet and moving coil.. Hue moving 
part is provided with a pointer moving over a jscalo 
graduated in volts, by which the potential difference 
between tbe two points to which the terminals qt the 
instrument are connected, may be read oSt„ As the 
direction of the defiection depends upon the direc- 
tion of the current, these types are only suitable for 
continuous currents. 

(2) Hot Wire Voltoieters . — In these the expansion 
of a thin wire of high resistance, when heated by 
the passage of a current, is caused to move a 
pointer Cardew’s Voltmeter is one of tho best 
known forms. Such instnimonts are equally suitable 
for alternating or for continuous currents. 

(3) Elcctrosfaiie Vvltnieters.-^Tbese depend on 
the principle of the Electrometer (^.c.), which itself 
forms a voltmeter applicable to many purposes. 
In commercial instruments, the moving needle is 
attached to a light pointer, as in the oases abovo 
mentioned. Where great sensitiveness is required, 
a flumbci of needles or vanes are mounted upon 
one shaft, and a corresponding number of fixed vanes 
or quadrants are arranged so as to produce simul- 
taneously an attraction on the moving vanes. Volt- 
meters of this type possess many advantages over 
the two former kinds and are much used in alternate 
current w-ork. 

Volumetric AnalysiB (CAem.) Suppose we have 
two substances A and B which react in solution in 
exact accordance with a known equation. Then, if 
tbe end of the reaction can be easily determined by 
inspection or by the addition of a small amount of 
an indicator knowing the strength of tlie 

solution of A, the strength of the solution of B can 
be determined by finding what volume of the solution 
cf A, must be added to a known volume of the solution 
of B in order to obtain a solution which contains 
excess of neither A nor B. An operation of this kind 
is a volumetric analysis. It will be seen that a re- 
action to be employed in volumetric analysis must 
be rapid and complete, that a balance and measuring 
instruments are required, that in those cases where 
the end of the reaction cannot be told by inspection 
an indicator is required, and that one of the solutions 
employed in any particular operation mast be of 
known strength. Some of the typical reactions 
employed will be given further on. The measuring 
vessels commonly in use are : 

(1) Flasks.— These are pear-shaped or round, and 
have rather long necks ; they should have well-fitting 
glass stoppers. On tho neck there is a circular file 
mark, so that when the flask is filled up to the mark 
it will contain the volume marked <m the veml at 
tbe temperature marked on the vessel. Sometimes 
there are two marks on the nock of a flask ; in this 
case the lower mark means that when the flask is 
filled up to this it contains tbe volume marked on 



the flask, while the upper mark means that when the 
flask is flJled up to this it will deliver, when it is 
emptied, the volume marked on the flask^the volume 
of liquid between the two marks is the amount of 
liquid that remains adhering to the walls of the 
vessel when it is emptied. The necks of the smaller 
flasks arc narrow, so that the surface of the liquid in 
the nock is markedly curved, therefore la filling the 
flask up to the mark it is done so that the tangent 
plane tn the lowest point of the curve lies in the 
plane of the circular file mark on tho neck. Obviously 
the final adjustment of the liquid to the mark must 
be made with the file mark held on a level with the 
cyo of the experimenter. These rematks as to the 
curved surface and reading apply equally to burettes 
and pipettes ; also tho neck of a flask, a burette, and 
a pipette can only be read accurately when vertical. 
Oonvouient sises for flasks are 2 litres, 1 litre, 500 cc., 
250 #c., 200 cc., 100 cc. Flasks A ami B of 1,000 cc. 
and 250 cc. content are shown in the diagram drawn 
to scale. 

A 


B 



Flasks. 

(2) HuBETTES. — A burette is a straight tube open 
at one end and narrowed at the other end to an 
almost capillary tube ; near the narrowed end there 
is a gl.'iBS tap, or other device for regulating the flow 
of liquid from the burette. Btarting a few centi- 
metres from the wide end are file marks at e>ery 
tenth of a oentimotie down to 50 cc. ; in the best 
burettes the uppermost file mark goes completely 
round the burette, at 0*5 cc. the maik goes about a 
third of the way round, at 1 cc. completely round, 
and BO on all the way down. Smaller burettes are 
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used sometimes. B is a 50 cc. burette ; eaehi^^visiiia 
represents 1 oc., the subOivisians being ‘eno^A on a 
larger scale at F, 

(3) PipbttBs. — T hese are of two kin^s-^bnlb and 
straight. The first form consists of a c^lindricn] 
bulb, on to each end of 
which rather narrow 
tubes are scaled; tbo 
delivery end is narrowed 
to an almost capillary n* 

opening, while the other lL 

end is of uniform bore 
and marked at a cun- ^ 

venien^ distance from * 

the bulb with a file ^ _ 

mark going completely ^ _ 

round tho tube. A 

pipette can bo marked O 

with a containing and 

a delivering mark — • — 

usually only tho latter — 

mark is required. The — 117 

straight form is em- _ — F 

ployed for delivering - — f“ 

bmaller quantities of - — 

liquid than tlio bulb : ■” 

form; it is merely a 7 _ 

burette without a tap. . q 

llpettes are used cither = J I __ 

to withdraw (contain- I y' \ _ — 

ing maik) a definite r [ “ 

volume of liquhl i rom a i — . 

known \olume of it or 7 rr\ — — * 

to transicr (deli\ery ; — — 

mark)*a definite volume : nr — "ZZ* 

of liquid from one \cs 8 l 1 ^ ’ — ZZ 

to another. Convenient : y “ ■■■-• — g 

.sizes are 100 cc., 50 cc., £ \ 

2r> cc., 20 cc., 10 cc., : “ 

5 cc., 2 c(*. Tho first = ^ 

five are usually buU> : "Z 

shape, the other two - ~ 

bulb or straight ; in the 

Utter c’aso they are _ 

graduated in fractions _ 

of a centimetre just us ^ _ 

a burette is, only a 

2 cc. pipette n»a} be - 

graduated in twentieths — 

of a centimetre or even — 

Ic^s. D i'* a 50 cc. bulb ”” 

pijwttc and C a 5 cc. 

htraignt pii)^^?. B, D, ~ 

and C arc diawn to tho 

same scale as A .'ind B. _ 

One of the sulutions _ 

employed in any pro- v 

coss of volumetric an- — 

alybis must be of known — 

strength, and thib is 

called the Btandardselu- I J ^ 

lion. Bui the strength I I 

of the standaid solution Inr''^ 

is not chosen at ran- I 

dom; in scieniifie wwk ^ t# 

it is customary to make jj 

solutions having serao „ 

simple relation to the Bubame and Pipettss. 


50 = 
cc. - 


BUBEtTE AND PlPETTSS. 


gram molecular weight dissolved in 1 litre ; bnt an 
analyst will often make a solution of stich a strength 
as to bear a simple relatloa to the particular substance 
he desires to estimate. We |bhaU only doal with the 
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ctolotion. These are so made that 
enDhM|.t;^S^^ cimtain chemically equivalent amounts 
^tne ,4ieiolyed substances. ^ A soluticm which 
coi^uia \ glim of replaceable hydrogen, or the 
^jplmmioil equivalent of this of the active element or 
groip, dissolved in 1 litre of* thq solution is called 
' a At Solution ; then any othes solution can 
. be expressed in terms of a normal solution by dividing 
^ , hbe number of grams of the substance contained in 
1^ litre by the number of grams of the substance 
contained in 1 litre of a normal solution. 

J^£paffijfldf.*-*Hydroch]ori(i acid, HCl, has the mple- 
cular weight 36*5, so that 36‘5 grams of hydrochloric 
acid contain 1 gram oi replaceable hydrogen ; thierefore 
,36*6 grams of hydrochloric acid in a litre is a bnormal 
solution of this acid ; 3 65 grams in a litre Would be 
a deci-normal solution, and ao on. Sulphuric acid, 
H28O4, has the molecular weight 98, so that 98 grams 
of this acid contain 2 grams of repla^teable hydrogen, 
therefore a normal solution will contain 49 grams of 
the acid in a litre. 

Caustic soda, NaOH, has the molecular weight 40 ; 
in it the monovalt^nt atom of sodium may be regarded 
as living replaced 1 hydrogen atom in 1 molecule 
of water, so that a normal solution will contain 
40 grams of caustic soda in a litre. Sodium car- 
bonate, Na..CO* has the molecular weight 106; in 
it the sodium atoms may be regarded as having 
replaced 2 hydrogen atoms in carbonic acid, 
lljCOa, 80 that a normal solution will contivin 
53 grama of sodium carbonate in a litre. Potassium 
permanganato, KMnO^, has the molecular weight 
15M, and behaves as an oxidising agent in presence 
of excess of sulphuric acid and an oxidisable sub- 
stance in accordance with the equation 
2KMn04 + 4H,80,-2KIIS0, + 2MnSO^ + 3H,0 + 50. 
That is, 2KMn04 gives 5 atoms of oxygen which are 
equivalent to 10 atoms of hydrogen, and hence a 
normal solution of potassium permanganate contains 

^Jl15iL= 31*6 grams jjer litre. The operation of 

finding what volume of a standartl solution must 
be added to a known volume of a solution of un- 
known strength to bring about a definite change so 
that i»o excess of either of the dissolved substances 
remains, is called a titration. Some of the principal 
opcration.s in volumetric analysis are the following : 

1. A standard alkali is used to determine the 
strength of an acid. Tlie standard alkali can be 
made by w^eighing out 53 grams of pure sodium 
carbonate, dissolving this in distilled water and 
making up to 1 litre by the addition of distilled 
water; or a clean piece of sodium could be weighed, 
thrown into water, and the solution of caustic soda 
so obtained made up to a suitable volume with dis- 
tilled water. 

2. The converse of 1 — that is, a standard acid — 
ift used to determine the strength of an alkali. The 
Btai^ard acid could be made by taking the specific 
gravity of a fairly concentrated; acid, then by means 
of a table finding what volume of distilled water 
must be added to make a litre of a normal solution 

some sulphuric acid is 1*2, it is only necessary to 
take 296*9 cc, of this acid and make it up to 2 litres 
to have a normal solutidh of sulphuric acid. Let 
* some normaf sulphuric acid be placed in a burette, 
and 25 cc. of a solution of sodium carbonate be 
placed in a flask; add 1 drop of ipetbyl mange 


solution and run in the sulpbnrio acid tiH the liqiild 
just shows pink; let 3Q cc. of the acid be requiim 

Thus 1 cc. of the carbonate requires ~ cc, of ncsnaal 

sulphniio acid to neutralise and therefore the 

carbonate must bel~ times normal 5 $ grams 

NayCOs per litre. 

8. A standard solution of potassium permanganate 
is used to oxidise a solution of a ferrous salt of a 
solution of oxalio acid or of an oxalate. To make 
the standard permanganate 3*16 mmsof the ebanu- 
cally pure substance are dissolved in water and made 
up to a litre to obtain a deci-normal solution. Bach a 
solution may have to be ** standardised "—that is, 
may have to have its strength verified. In this case 
chemically pure ferrous ammonium sulphate may 
be used to verify the permanganate ; a known weight 
of this salt is taken dissolved in water and titrated 
in presence of excess of sulphuric add against the 
permanganate. Suppose the weight of the iron salt 
to be BO chosen that it should ts^e precisely 50 cc. 

of ^ permanganate to oxidise it, and we find tliat 

it requires 50*25 cc. of the permanganate prepared 

as above; then this permanganate is times 

deci-normal ** *995 x Let *66 grams of a speci- 
men of iron be dissolved in dilute sulphuric acid, the 
latter being in considerable excess. Run in some 
of the al^ve permanganato till the pink colour of 
th# permanganate just persists : let 99 cc. be re- 
quired. Now we have 

2KMn04 gives 60 in presence of sulphuric acid, 
and 2FcSO, + + 0 « Fe/SO,), + H^O, 

that is 2KMnO^ oxidise lOFcSO^, or arc equivalent 
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to lOFe— that is, 1000 cc. ^ permanganato are equi- 
valent to 6*6 grams iron, or ICO cc. ^ permanganate 

are equivalent to *06 grams iron; therefore the 
specimen of iron contains 99 x *996 per cent. Fe. 

4. Bolutious of sodium thiosulphate and of iodine 
(in water coDtaining sufficient i^tassium iodide to 
keep it dissolved) are often employed in volumetric 
analysis. These react in accordance with the 
equation 

2Na,8*0,5H,0 + I, - Na,S.O. + 2NaI + lOH^O. 

That is, 2 x 248 grams of crystallised sodium thio- 
sulphate react with 2 x 127 grams of iodine or 248 
grams of the former with 127 gr^ms of the latter; 
end as iodine unites with hydrogen atom for atom, 
we have ; A normal solution of iodine contains 127 
grams per litre ; a normal solution of sodium thio- 
sulphate contains 248 grams of the crystallised ^It 
per litre. To illustrate the use of the above reaction 
weigh out 0*435 grams of manganese dioxide into a 
small flask; add excess of pure strong hydrochloric 
acid, and pass the chlorine evolved into a consider- 
able excess of potassium iodide solution, so that no 
chlorine escapes from the solution ; then titrate the 
liberated iodine by a deoi-normal solution of sodinm 



fehicMilliphato. BuffMise ^ co. of the thioi9iil{ihftfco 
arojrelfuirech Ibe ialiowifig reactions ooowr: 

+ 4HC1 « MnCl, + SH^O + Cl, 

. "" * Cl»+2Kr«2K:Cl*+I, 

WtiJSfijmfi + Ka,B,0^ + 2Nal + 10H,0. 

* ^ BO thet MnO, is cquUalcnt to 

2 X 248 

or 43' 5 grams manganese dioxide require 248 gramfi 
crystallii^ sodium thiosulphate. Titus 0*4 .35 grams 
of pqro manganeso dioxide would require 100 cc. of 
dcoi-normal thiosulphate ; thus the sample contains 
95 per cent. >lnO,. 

« ' 5. A standartl solution of silver niiratc can boused 

to find the strength of a solution of a chloride. In 
this case the silver nitn^te is put in the burette and 
the chlcride in a white basin ; to the chloride a few 
drops of a tffohition of potassium chromate arc added, 
ana then the silver nitrate is run in. AH the chloride 
is precipitufwl before the chromate, so that at the 
moment the precipitate is tinted by the brick-rtd 
colour of silver chromate the lenction is at an end, 
and a bimplo calculation giies the strength of tlic 
chloride. This operation is only ptssible with 
neutral solfitlons. 

On the above ahd a few other reactionb are founded 
a great vajiety of estimations by v<»lumetrie analysis. 
These processes of volunietiie analysis arc very acen- 
rdte and far more rapid than thobc of gravimctiio 
analysis, and are therefore extensively employed. 

W. II. U. 

Yolata (ArthHectJ) The spiral foirn uhed in the 
capitals of the Ionic, 

* . Oorilith ian, and Compo- 
aito onlers. A roughly 
formed volute is often 
< fottmi in Komanebquo 
capitals. 

Yonchlfg {Mime). 

A mnsical ornament, 
written as a small note 
or notes bcfoie the note 
which it embellibhcs. 

The time of the vor- 
sohlag IS taken out of \ox.vii:. 

the embellished note. 

The long, shoit, and double vorschlag correspond 
respectively to apiK>ggiatnra, aceiaccatura, and 
scbleifer, which arc liU given under Ornaments, 
jt. 479. 

Yortex A phenomenon of fluid motion, of 

which an example is found in the ** smoke ring” 
which is produced by puffing smoko through a 
tube, or fiom the lips, or occasionally by bteam from 
the bpout of a kettle, or chimney of a locomotive. 
The ^id forming the ling is in a state of rotation 
about the centre of the cros8-sec*tion of the ring 
itself. The mathematw al theory of the properties 
of vortex rings is of great interest, but too complex 
for a ^ort description. 

Yomtoiv. One of the seiics of stones or bricks, 
faffikioned like a truncated, wedge, with which an arch 
is built. See ARCH. 

Yox Angelica {MveUs\ An organ stop oon^sting 
of two ranks of pipes of the dpleiana type. One of 
them is taned sharper or flatter than the other, thus 
piF€Hiu<^^ a waving cfEect. 

, e 



Yen finmana A.aBcedi»igiim«topel<ire 

small length and of petmliar cDnstiilclfett, eappoatm , 
to imitate t)m human voice. ^ / / 

Y Thread or Yee Thread (Mff.) Xbo brdiuAi^' 
scraw thread of triangular sectipAi'- dW BcRSWa % ' 

Ynleaa (Ae^ntt.) A supposed intip-Mefou^ 
planet. . ^ 

Yiileaaite and Yuloaidilnd. Sko Kubbibr. ' 

Yulned (Mcr.) Wounded. The pelicap is ebnm^- 
times reprobented as ** valuing herselK^* in accordance 
with the idea that this bin! feeds her young by 
pecking at her breast with her4>oak when she cannot 
otherwise provide for them. The pelican thus bla- 
zoned is SOSO one of the emblems bf the Catholic 
Church. 

Ynlpinite (Min.) A 'larietj of Anhydrite ^ 


W (Chrm.) The symbol for Tungsten <?rWoLi« 

RAM ti? V.) * « # . 

W, ur (AVi^, Pltye.* eto.) A symbol for Work. 

Wad (Min.) A synonym for Qbapbite (q.v,) 
used in the noitbern counties. 

Wadding ( Textile Mani^fae.) ( 1 ) A thick yam used 
in compound cloths to give wright. It lies between 
the face and the backing threads. (2) Caided cotton 
m the form of sheets, used for filling out garments, 
and for other pnrp(»se8. 

Waggon Yault (Arehiiett.) See DaAbel yAi7i.T, 
Vault, «»«/ Groined Vault. 

Wainscot (Vuild.) A lining fcT the inner walls 
of a building, gencially extending a part of the way 
only fiom the floor to tlm ceiling. It is nbn.i11y 
made of wckmI, panelled ; but other materials, e.y, 
marble, aie bometimes employed. 

Wainscot Oak. Oak cut radially from the los^*iii 
ordei to show the biher giain (j'.r.) 

Wald Flute (Mu-t^io). A wooden organ btoxi of 
either 8 ft. oi 4 ft. pitch. See p. 441. 

Waling {liuild.t itc.) The hoii^contal timliers 
bup{)ortiiig the poling boards along the sides of a 
trench. • 

Wall (Mining). The bide or boundary of a leiii 
or lode. 

Wall Bearing, Bracket, etc. (Eng.) A bearing, 
bracket, etc., so constructed tLMt it can ba fixed to, 
or built into, a wall. 

Wall Plate (linild.) A horizontal bond timber 
supported by, or built into, a wall, and itsplf sup- 
porting the ends of joists and rafters. See Floors, 
p. 128, and Roofs, 621. 

Wall Rib (Aiehitect.) A half or three-quarter rib 
used against a wall in G othic vanlting. See Bib and 
PANEL Vault. « 

Walnut (Botany). The dmpaceotis (rr stone) 
fruit of Juglans ngia (Jvglandnoeee). Tl e btono or 
shell coustbts of two valves with leathery ingrowths 
between the cotyledons of the seed. A green puli> 
and rind surrounds the shell. See a(io Wo6d9. 

— (Bsc.) See under Orainiko. 

Wafble (Leather Manvfae*) A hole made in a 
hide or «-kin by the ox- or bot-fly, 

Warehonso. A building for the ^rage bf, or* , 
wholesale dealing in, goods. * 



VaM]|om The department of a print- 

ing ofllee whieu controls the ** white *’ or unprinted 
. paper and tlio dryin^t pressing, qniring, etc^ of the 
, {xnntod sheets. 

Wavm (Painf.) The term is applied to colours 
a red or yellow tone ; also to a picture in which 
these tones predominate, painted in njarmeoUwrg. 

W^Aiiing. SlBe Sanitation, 

Warp (Carjf,, eic.) To twist; applied to the 
twisting and distortion of timber, produced by 
shrinkage in diying, etc. 

, - 1 — (Mnff.^etc,') To draw a hca\y object along 
by means of a rope or cable which is coiled on a 
drum or windlass. 

— ; — (Za/'f JJanufae.') A beam or cylinder con- 
taining one system of the threads used in the manu- 
facture 6t lace. iSee Lace Manufactubn. 

- — (Tetetilf* Manufaa*) The term applied to the 
series of pf)un threads, usually stronger and harder 
twisted than the weft, that run lengthwise of a picco 
of cloth in the loom. In the silk trade, the term 
. Cane *’ is synonymous with warp. See aUo 
Weavee'b Waej'. " 

, Backing {Tca\(le Manvfae.') Tho method of 

putting a back to tho cloth by using a separate warp. 

9 Centre {leriife Manvfae,) This may be 

either a slit( hmg oi a wadding warp. Sec Wadding. 

, Stitching (Te.rtUe Manu/ae,) A special 

warp for binding two fabrics together. 

Warper's Brasses (^Lae( Manitfac ) Kectangnlar 
lates ot biass, gcneially t In. by 2 in., with drilled 
olcs, ill number ac* oiding to the })urp<jlic they hav/' 
to serve. A series of them placed end to end form 
a sley for tlic production of tho warp. 

Warping {CotUm Weavnyj), Running together 
in some definite older a number of threads, fiom 
^dibins placed in a < lecl, so as to foim a warp 
which may be jueparod lor tho loom in a convenient 
form. The < nd Mind kiigth me determined before- 
hand. ITiere aic foui distinct methods in Cotton 
Weaving: (1) Mill, (li) Sectional. (3) Beam. (4) I 
Chain or lease. I 

(Zi/ien Ma?i»/ae.) Arranging the threads of ^ 

yarn in lengths ol one or mote webs of cloth, so that 
they can be put on a beam for the loom. This is 
done cither bj winding from a few sjiools, roimd a 
cyliudiical cicel, till enough tlircads aio put on; or 
a number of spi)ols can bo put on a llat frame and 
the tlii’cVids run from (liese iJirougU a reed on to two 
or moie beams. The lonncT is called Chain Wabp- 
INO, the latter Bevbi WAiiinNO, 

— — (2exfile Manufac.') An operation performed 
either by hand or machino. It consists of preparing 
the warp threads in tho requisite older and length 
for tlie loom. See Beam, Chain Wakp, and Loom. 

Warping Hill {Lfiee Mamfae.) An extended form 
of feel, such as that used for iorniing hanks or skeins 
of cotton, but mu^h more stiongjy built. It may 
be 44 quarteis, say 4(X1 in. wide, and 3 or 4 yards 
in circumference. All the threads of the warp are 
arranged and wound upon this in correct older and 
length pre\l(»U4j tp being transferred to the warp 
beam. 

Wcffp Hachltic (Zace A development 

of the hosiciy oi slocking machine. It makes faWic 
• of the mosledi verso character, from heavy woollen 
cloth or blanket to tho finest silk point net, accord- 


ing to the gau{^ of the machine. It maybe ' 
to make imitation crochet laoe^or curtem^ 
distinctive feature being the production of #lofi^ea 
or crochet stitch in comradistinc^on to twistsiaoe. 

Wnmn Girder {Civil Jffng.) A buUt^p ix Mtice ^ 
girder, consisting of two borizontal inembers eon-' 
nected by bracing which fqiaH a serifee of isosoelcMa 
triangles. The sides of these triangles .are aHer- 
nately struts and ties, i.e. one is in cetopeesmonv 
the next in tension, and so on. ' # 

Wash Dirt {Mining), Earthy matter, drift, etc., 
in which gold is found in alluvial deposilA^ 

Washdown Closet or "Short Hopper*’ (S^nita- 
fion). Consists of a basin with an almost vertical 
back, BO that the excrement falls directly into the 
water of the trap and not upon the sides *of the v 
basin. It should be supplied with a flushing rim, 
and tho junction of the basin and tr^, if not in one 
piece, should be so eflVcted that the internal surface 
18 perfectly smooth, thus obviating aiiy eqllection of 
filth. It should bo flushed with at least two. gallons 
of water delivered by a Ij-in. pipe f^bm a water 
waste preventer fixed at a height of from S to 6 ft. to 
secure sufficient force thoroughly to wash out the 
basin. 

Washer I ^tr,) A plate (nsnallyfe,in the form 
of a disc with a liole through the centre) which 
is slipped over the end of a bolt, and sertes as a bed 
for the nut which is screwed down upon it. Washeurs 
arc usually of iron, hut Icatlier, rubber, etc., are 
also used for special purposes, s.g. in cocks ^d 
valves to make watertight joints. 

Washing ( J/i ning"), Beparatiug sn|)erfluous matter 
(<ljrt, gangue, etc.) from ore by the action of waller. 

Tne j)rooe‘« usually depends upon tlie difCerent 
densities of the materials acted upon, tho hoavw 
oonstituents remaining behind whilo thw lighter 
ones arc washed away. 

Wash Leather. See Chamois XiSATHEB. 

Washout Closet {Sanitation). Consists of a basin 
so shaped that n certain amount of water is dotsinod 
in it by means of a ridge over wdiich the contents 
are carried into a siphon trap below. This form of 
closet requires a strong flush of water in order to 
caiTy away the excreta. Not now much in nse, as 
it is not in accordance with the majority of by-laws. 

Waste {Print.) The suiplus sheets of a printed 
work or job. 

{TtoeiUe Manvfac.) This may be weavers’, 

vrarpers’, woollen, worsted, or mixed fibre. It is 
w^aste yam that, after ojiening, is re-carded, and 
used as a suhsUtuto for wool. 

Waste Pipe {Pin Id.) Tho pipe that oariies away 
the waste -water from a bath, sink, etc. 

Waste Ppeventer (Plumb., itc.) See Water 
Waste Tbeventek. 

Waste Products and their Use. A oompleto 
libt of wubtc pioducts In industrial and commercial 
enterpriseb, as well as those of domestic origin, 
would occupy a great deal of space and cover a very 
largo number of important and interesting manufac- 
turing mdubtiios. The waste products of domestic 
origin are mainly of two kinds : (1) Anilmal refuse 
derived from the slaughter of animals usod for food; 

(2) Town refuse collected from house to house. 

Anmal “Ver^ little of the animal which 

is killed for human food is wasted. The Bides are 
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sent to tbe tanner, wbo removes ttie bait and converts 
tbe skin into leather {me I^eAthbb Makupactubb), 
the hair being utilised afterwards as a binding material 
in the tnanumcture of plaster for tbe walls of houses. 
Tbe larger Bonbb are used for 4he production of 
buttons, knife and tool handles^ while the smollmr 
bones are purchased by manure manufacturers, who 
grind and treat thorn with aoid^ to produce fertilising 
compounds, and a valuable oil is also obtained 
from these bones {$ee Bokb Oil). The Blood, 
of which large quantities are produced in the 
slaughterhouse, is utilised for the preparation of 
albumen, or it can be treated for tbe manufacture 
of what is known as cmimol charcoal. From the 
Hobnb of the animal are made combs, cigarette 
holders, buttons, and similar objects ; even waste 
horn dippings can be utilised for this purpose. The 
feet of the animals are employed for the production 
of lubricating oils, such as neat’s foot oil. The 
coarse Fat produces tallow and tallow oil. The 
INTESTINBS are cleansed and converted into catgut, 
the finer qualities of which are used for violin striiij^. 
Another well-known preparation from this source is 
^old beater's skin. The Bladders are utilised for 
Coring lard. The IlAtu from various animals finds 
many uses, for example, the hair from rabbit skins 
is made into felt hats ; the clippings from the liair 
dressers into wigs, curls, etc. ; the skins, according 
to tbe animal from which they are obtained, find 
many uses, the rabbit furnishing trimmings for coats 
and other articles of apparel, while gloves are manu- 
factured from goat skin, dog skin, and many other 
varieties of small hides. Woollen Waste.— T lie 
uses found for tbe waste from various industries 
which depend upon raw material derived from 
animals are interesting. Thus, in the case of w'orn- 
out woollen goods the material called shoddy’ is 
obtained. Then the worn-out shoddy reappears in 
the form of druggets for the floor. From raw wool 
itself a useful oil or grease is obtained, which is 
familiar under tbe name of lanoline, and the various 
liquors resulting from the washing of wool yield 
by suitable treatment valuable potash salts. Wool 
knd similar animal products, such as horn and blood, 
can be roasted for the production of yellow prnssiate 
of potash. Artificial Manures are produced 
from all kinds of animal refuse, such as the offal 
from slaughterhouses, stale fish, sewerage matter, 
in fact from almost every kind of decaying animal 
refuse. 

Totm jRrfiise, This consists of a very miscellaneous 
collection of animal, vegetable, and mineral refuse. 
In some towns a systematic course of treatment is 
adopted, w' ereby any refuse which lias a commercial 
value is sorted out from that which is of no value. 
The former is sold to merchants and manufacturcrs, 
while the latter is usually burnt. An average col- 
lection of this kind will yield saleable waste paper, 
rags, bottles, old tins (from which the tin can Ijc 
recovered), broken glass, which can be used over 
again, and finally a mixture of cinders and com- 
bustible matter, which is of value to brick manu- 
facturers. In other towns the whole of the 
collected refuse is burnt in laige special destructors, 
tbe heat given out by tbe furnaces being sufficient 
to supply A large amount of heat energy for town 

S urposes*, such as the production of electricity for 
ghting. Al Hastings the steam produced in this 
manner is used in pumping sea water for fiushing 
the 8«}wers and for watering the streets. Tbe use 
found for the waste products of industrial enterprise, 
as distinct from domestic refuse, is a monument 


to the ingenuity and skill of the men engaged in 
manufacture. 

Vesfetahle Mtfuee. The fotenioe^ instance is the 
utilisation of the by-products In the manufactuie 
of coal gas. These are more fully treated under the 
heading of Gas ManufactuBS (00.) Mention naay 
bo made of sal aimnoniao, spirits of hartshorn, 
sulphate of ammonia^ obtained frcm gas Hquor; 
benzol, nitrobenaol, carbolic acid, aniline, anthracene 
from coal tar, the two latter compounds being the 
source of the well-known ooal-tar dyes. The final 
refuse in the gns retorts is the well-known domestic 
coke. PAPBRMAKiKG finds use for such materials 
as old rags, old waste paper, straw, old rope, canvas 
and sails, jute and hemp haggfhg, all of which are 
eventually converted into paper, emboard, or paplet- 
mach6. Many of the by-products obtained during 
the manufactnre of paper can be treated and used 
over again by means of ingenious chemical operations. 
In the Starch Industry many apparently useless 
materials find profitable employment. In the manu- 
facture- of starch from wheat a sticky plastic sub- 
stance called gluten is produced, whidi is employed 
in calico printing. The pulpy refuse is usually mixed 
with other materials And converted into cattle food. 
In the Soap Industry the recovery of glycerine as 
a by-product is an interesting instance of the value 
of technical research. The treatment of fats with 
alkali for the manufacture of soap (y.v.) gives a large 
proportion of waste lyes from which glycerine is 
made. Glycerine is used in great quantities for the 
production of explosives, and industries having no 
apparent connection with one another are sometimes 
closely related. In the Timber Trade much in- 
genuity has been displayed in the utilisation of 
waste wood. Large quantities of sawdust are mixed 
with tarry matter ami converted Into briquettes for 
fuel. Dried sawdust is used for polishing small 
metal goods, which are placed in closed vessels and 
rotated, the polishing being effected by the friction 
of the goods with the sawdust. Artiticiai wood is 
prepared from sawdust by the use of certain binding 
mediums like glue mixed with bichromate of potaste 
Wood waste is largely employed in the manufacture 
of oxalic acid, prefaced by fusing the wood waste 
with caustic soda, and this \s largttly used in textile 
industries. It may also be employed for tbe manu- 
facture of crude acetic acid, the dry distillation of 
wood waste yielding wood spirit, acetic acid, and 
wood charcoal. 

JUhwral Befuee, One of the most remarkable 
instances of the recovery of valuable material from 
waste is the reooveiy of sulphur from Alkali Waste. 
According to the Alkali Inspector's twenty-third 
report for the year 1886, 387,000 tons of waste were 
produced at Widnes and lluncorn. This would 
contain about 58,000 tons of sulphur, nearly tbe 
whole of which was lost. In 1888 Mr. A. M. Chance 
introduced an improved process, by means of which 
this enormous weight of material could be treated 
with carbonic acid gas liberating sulphuretted 
liydrogen, which on burning with a sufficient quarftity 
of air deposited the pure sulphur in a solid form. 
Not only was the woste material thus effectually 
dealt with, but nkturally the cost of production of 
the soda and alkali was sensibly reduced. Tlie intro- 
duction of chemical methods of washing tbe slimes 
and residues from Gold Mines has resulted in very 
marked economies. Many of the slimes and residues 
though containiDg a very minute percentage of gold 
can CK9 chemically treated by mean% of cyanide „ 
compounds {me Gold, CyanideSi and Gar Manu- 
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VACtn&B [0]). Tbe gold and silror residues obtained 
br p'lotograptiers are carefally tvreserred and treated 
lor tbe recovery of the precious metals. InlaoM Works 
tbe slag prodaced is employed for useful purposes. 
The slag obtained from blast furnace wor^ is con- 
verted into slag wool by means of a current of steam, 
and this is used as a composition for covering boilers 
and steam pipes. The slag is also made into builciing 
stone and bud 'brick; and when ground up fine in 
a mortsir and mixed with cement forms a useful 
concreting material 

WMte Weir {Ciril JEn^,) A weir in a reservoir 
for dischaoging the superfiuous water in time of 
flood. ♦ 

Vatoh and Clock Making# Clocks and watches 
fiXQ maubines automati(*ally recording the number of 
vibrations made by a pendtilum, or, by its substitute 
in portable timepieces, a balance and spring. 

The machine contains (J) tbe Motive Power, 
usually a raised wciglit or coiled spring ; (2) a Train 
OF Wheels and pinions moving with different 
velocities to rcord ><ariou8 required intervals of 
time; (3) tbe Escapement, an arrangement for 
periodically ariesting the alvance of tbe train, so 
tliat tbe tendency of tlic moti\e force to accelerate 
tbe st>eed siiall 1)6 checked at frequent and regular 
intervals, and for convejiug to tiie pendulum or 
balance sufficient impulse to restore tbe encr^ lost 
in o\ercoming the various rcbihtanocs tending to 
bring thc^e time measurers to rest. 

The mechanism of a good timepiece is so accurately 
made aud so well designed that it does what perhaps 
no other machine of any kind i's exjyoctod to do — ^that 
is, it will go night and day for ^cais without skilled 
attention, Tlie wheels and pinions usually have 
epic} cloidal teeth, but in some pajts of turret clocks 
in the keyless incciianism of watches, and other jjarts 
whcie very low numbered pinions aie not requiied, 
involute teeth may be advantageously used ; either 
kiial proiH*rl> employt'd ensures smooth working, and, 
rveif more imp >rtant, a constant angular velocity 
throughout tbe whole pliaso of contact of each tooth, 
ihie pillions and the escapement staffs are of highly 
polished tem))cred steel, to resist wear and reduce 
the effect of friction. The reduced portions, or 
pivots, wliich w'oik in the bearings, are as small in 
diameter os the necessary stiength will allow, and 
the bearing-^ are often jewelled, 

Tbe inceJ anisra of the finest timepiece is subject 
to one source of trouble, which will probably always 
be a trflubic. It is necessary to lubricate nearly all 
tlie rubbing surfaces, aud jewelled bearings do not 
remove this neccbsity. The lubricant must not be 
too thin or likely to evaporate, it must not be too 
thick or likely to corrode, and however good it may 
be there is always a i>ossibiliiy of one extreme in 
course of time ; especially as an oil that will keep 
good for a long time with one wearer, will dry ux) 
wdth another, and will thicken with yet another. 
Sxcogt for the lubrication trouble, the timepiece, as 
a maciuno, may be accepted as a very good specimen 
of the perfection of mechanism. Tbe natural errors 
to which the pendulum and the balance and spring 
are subject will bo dealt with later. 

The standard by which all timepieces are ultimately 
checked is the “Sidereal Day,” the uniform interval 
of time taken by the earih to make one exact rota- 
tion on its axis ; but the standard interval recorded 
by most clocks and watches is tbe Mean Solar Day," 
aa interval e<fhal to the axero^t of the 

“ Apparent Solar Day." No two consecutive solar 


clays aive of preofsely equal dnxatioot so fka UMtfili 
of these eontiniaaUy varying intervals is used «« tkg 
standard for M civil purposes. 

In ebeoking the of a clock by asUoaomlDal 
observations with tbe aid of a tiansit ot other 
meridtan instrument, it will often be found 
venient to use the transits of the sun. These oeOur 
at irregular intervals, but the irregularities are 
aoenrately known, and are fumisbed in tbe Nautical 
Almanac " years in advance ; we therefore find it just 
as reliable to use the sun, and for checkiog the rate 
of a mean^time clock the necessary (calculations are 
easier than those required for ddereal observations. 

Wljole days are determined and checked by astro- 
nomical observations. The subdivisions of tbe day 
cannot be so determined. In modern timepieces tbe 
subdivisions are measured either by the oscillatioiis 
of a xiendulnm or by the vibrations of a balance 
attached to an elastic spring. 

Tiie discovery of the isochronism of pendulum 
vibrations made it possible to subdivide the day with 
great ac^curacy. The time of vibration depends upon 
tiie length of life pendulum and is proportional to 
the square root of the length. 

VI 

is the usual formula denoting the lime of one complete 
swing in one direction ; r being the time in seconds, 
v the ratio of circumforence to diameter, approxi- 
mately 3 ‘1416 , 1 the length of tbe pendulum, and y 
the acceleration due to gravitation. “ g ” has different 
values at different parts of the earth^s surface, but so 
long as the length of the pendulum does not alter, 
iheUime of vibration at any one place will be almost 
perfectly col tant. A clock controlled by a pendulum 
is probably the most accurate of all timekeepers. 
Tbe TTcndulum should not be shorter than a “ seconds ” 
pendulum ss about 39*14 in. It, and the mechanism, 
should be rigidly supported, and a weight should bo 
used to drive it, as the energy of impulse will then 
be sensibly constant. We find, however, that if the 
machine be mechanically peifect tliere are, at least, 
three sources of error to which the pendulum is 
liable-- change in tlie amplitude of the m*c described 
may cause a “circular eiror,” change in the atmo- 
spheric pressure may cause a “ barometric error," and 
cTiauge of tomperuture may cause a “ temperature 
error.” 

If a pendulum is describing large arcs of vibration, 
and the* arcs vary much in amplitude, there will 
be a circular crior, as large arcs take 9ligUli( longer 
than small ones; but in clocks of precision the 
largest arc permitted is small, seldom more than 2^ 
from tbe point of rest, and every effort is made to 
maintain the amplitude constant, so that the iso- 
chronism in a good clock is but little disturbed by 
the circular error. 

The barometric error is due to changes in the 
atmospheric pressure: when the pressure increases, 
the pendulum meets with greater resistance to its 
progress and the clock loses. Tbe error is small, 
estimated at about 1 second per day for a change of 
3 inches in the barometric reading, but in very fine 
clocks some provision is made to counteract i1^ In 
the Greenwich sidereal clock a bardmetnr tube is 
fi led inside the clock case ; the rise and fall of the 
mercury in the open end cf the tube cause a horse- 
shoe magnet to recede from, or approach, two bar 
magnets fixed to tbe front and back of the pendulum 
bob, thus reinforcing the acceleration due to gravity, 
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more or Jess, according to the noarness togeth:er of 
the liorscsboe and tlie pendulnm magnets. The 
horseshoe is adjusted under the pendulum magnets 
with the unlike attracting poles opposite one another. 
For the new physical laboratory at Bushey House a 
clock has been made with an airtight case, an air 
pump Is atlaoVied, the preasuTe will be reduced below 
the normal and maintained constant, so that no 
variation may arise from this cause. 

The largest vaiiation to which an ordinary pendu- 
lum is subject is due to the temperature error. 
Nearly all materials undergo changes of dimensions 
when the thermometer alters. An iron, or steel, or 
brass rod becomes longer in heat and goes slower, so 
that all good clocks requite compensation pendulums. 
In all such pendulums two or more materials are 
used, having very different ooefhcicnts of expansion. 
The rod being of the material with a small expansion, 
the other parts are so arranged that just as much as 
the change in the rod tends to displace the cenire of 
oscillation, the other part tends to move it in the 
opposite direction, and the effective length of the 
pendulum remains constant in all temperatures. 

A mercurial pendulum has a rod of steel, and the 
bob is a jar of glass, or of steel, containing mercury. 
As mercury expands and contracts very much more 
than steel for the same change of temperature, we 
find tliai about G in. of mercury is sufficient to keep 
the centre of oscillation of a seconds pendulum at a 
constant distance from the suspension, and so com- 
pensate the temperature error. 

A zinc and steel pendulum has a rod of steel ; on 
the rating nut at the bottom rests a zinc tube, from 
tiie top of the zinc tube hangs a steel tube terminating 
in a collar on which the bob is supported at Us centre^ 
so that the expansion and contraction of the* bob 
shall have little effect on the time. As the coefficient 
of expansion of zinc to that of steel is in about the 
IJToportion of 8 to 3, wo find that a tube of zinc about 
24 in. long is sufficient to oonii)ensatc a seconds 
pendulum. Tlic length of steel rod + the length of 
steel tube must be to the length of zinc tube 
inversely as the respective coeflicicnls of expansion. 

The recent experiments of l>r. Ouillaume with 
alloys of nickel and steel, in different proportions, 
have pioduced some remarkable results. It is stated 
that at least one specimen lias been produced has ing 
no expansion at all. 'J’liere may be some doubt if so 
desirable a result can be repeated, but there is no 
doubt that many specimens of nickel steel have been 
obtained possessing exceedingly small coefficients. 
As with most alloys, the result of a moll, is more or 
less uncertain ; each individual rod shoii]<l be tested, 
atid a rather long process of annealing has to be 
undergone to make tlie metfil workable, and to 
ensure its retaining its peculiar x^ropertics. Its use 
for xiendulum rods is still in the experimental stage, 
but it promises to bo a very valuable discovery for 
sitcli a purpose, and as the clock at Bushey House, 
already referred to, has one of these rods for which a 
very short brass tube is sufficient to compensate it, 
the record of its performance will be looked forwai'd 
to with great interest. 

A xienclulum cannot be used for a portable time- 
keeper, a Balakck and Rpbino taking its place in 
chronometers, watches, and carriage clocks. The 
balance is a flywheel, storing up the energy received 
at each impulse, thus being enabled in its return 
vibration to unlock the escapement, to allow the 
train of wheels and the hands to advance, and to 
' receive fresh impulse. It' is highly important that 
the balance shall bo truly a “ balance that the 


stafi on wbidli it is mounted khan be accurately in 
the centre of the mass? If it be the least out of 
weighty or out of poise,’* be it is called, the rate in 
the different vertical positions of the watch will vary ; 
the balance will no longer bo a balance.*' 

The regularity of the vibrations of a balance is due 
I to the controlling influence of the spring. This is an 
elastic spring fixed at one end, the other end being 
attached to the balance near its axis. There is no 
circular error as with the pendulum. If the size and 
weight of the balance be suitably a(^xjted to the 
energy of the motive power, and the spring is 
properly applied and adjusted, the arc of vibration 
may vary very much without ^ny important change 
in the rale of vibration. If, owing to variation in 
the energy of impulse, the balance at one time travels 
twice as far as at another, it will travel twice as fast, 
and the time of vibration will bo the same. The 
regularity of vibration is liable to disturbance by the 
varj’ing effect of friction, and to the fact that the 
connection with the escapement has a greater retard- 
ing effect when the vibrations are small and the 
velocity slow, than w’hen the arcs described are large 
and the si>ecd of the balance rapid ; but the modern 
timer is able to surmount these difficulties and obtains 
almost perfect isochronism. So much has been 
accomplished in this direction that the fusee, as a 
necessary equaliser of the motive power, has almost 
disappeared from the modern watch in favour of the 
going barrel, >vitb its much simpler form of keyless 
mechanism. 

The motion of the balance is affected, like that of 
the pendulum, by variation in the atmospheric pres- 
sure. liecent experiments indicate that the baro- 
metric error in a large watch is about 50 per rent, 
greater than the barometric error of a pendulum, that 
the error in a marine chronometer is a little less than 
that in a deck watch, while the error in small 
,watches is slightly greater. There is at present no 
known methocl of correcting this, except by intro- 
ducing centrifugal or isochronal errors, either of 
which might do more harm than good. 

The time of vibration of a balance depends upon 
its ” moment of inertia’' (^.v.), and u])on the elasticity 
and dimensions of the spring. As the elasticity of a 
spring of steel, and probably of any material suitable 
for balance springs, ir very much affected by changes 
of temperature, we find that the temperature eiTor of 
an uncompensated watch is far greater than that 
of a pendulum clock. When the temperature rises 
the diameter of the balance increases, its moment of 
inertia is greater, and this tends to make the watch 
lose. All the dimensions of the spring increase, it 
Ixscomes longer, lending to make the watch lose, but 
in the same degree it becomes wider, tending to cduse 
a gain ; and for all changes of temperature the altera- 
tions in these two dimensions alone neutralise one 
another. It also bocomo.s thicker, and this change 
of itself probably more than neutralises the increase 
in the diameter of the balance, so that the w1k)1c of 
the observed error is due to the change in the elastic 
nature of the spring. 

The Compensation Balance is designed to correct 
this error ; it becomes smaller in heat, and larger in 
cold. In the ordinary form of compensation balance 
a steel disc is turned iHirfectly true. This is placed 
in a crucible containing molten brass. When cool 
tlic brass a<1heres, and is turned true, leaving a ring 
of brass outside the steel. The steel is recessed and 
cut away until only an inner ring of steel is left with 
a thin cro.ssbar of the same piece of metal, in which 
the staff is fixed. A number of holes are drilled and 
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tapped thtottgli tbo bif-me^llic ring ; iu these holes 
a 1^ number of weights, usually gold screws, may 
be placed in different •positions. The ring is cut 
right through in two opposite points, usually closo 
to the croasbar, leaving each half of the ring fi^cd 
to the bar at one end, and quite free to move inwards 
or outwards* at the other end. When the temxjera- 
ture rises the brass expands more than the steel, and 
the two metals, to remain together, must bend into 
a quicker curve, carrying the free ends of the rim in 
towards the centre. When the temperature falls the 
brass contracts more than the steel and flattens the 
curve, bringing the free ends outwards. How far 
the changes of curvjfture will affect the moment of 
inertia of the l^lauce depends, in a great measure, 
upon how much of the movable weight is colloctecl 
near the free ends of the rim. The final positions of 
the adjustable weights can only be determined by 
trial. 

The thickness of the rim is dictated by experience. 
If too thick the weights are relatively light, their 
change of position has insufficient effect, and it may 
be necessary to substitute ifiatiniim screws for the 
gold ones at the free ends. If too thin there will 
be a centrifugal effect, greatest in the large arcs 
of vibration, tending to open the rims outwards, 
especially if much of the weight has to be collected 
near the free cuds. 

The proportion of brass to steel is an unsettled 
question. Some authorities have stated that they 
should bo inversely as the •respective modulus of 
elasticity. Cithers say inversely as the square roots 
of tlicir elasticities. As the bending moment of an 
elastic bar of rectangular section is ])roportionaT to 
the cube of its tliickness, it Ls possible that the 
llucknoBses should be inversely as the cube roots of 
the respective elasticities. The two metals will then 
offer equal resistances to change of curvature. 

The balance of a Mauinsi CHitoNOMlSTEn, instead 
oj having gold screws round the rim as in watches, 
hai4 tAvo heavy brass weights grooved to tit the rim ; 
these are held in position by pinching screws. 

The compensation of a balance is not so perfect 
as that of a pendulum. With the latter it is only 
necesbory that its length shall remain constant. The 
balance has to correct the errors duo to changes 
in the elasticity of the spring, its effective radius 
must grow less in heat, and greater in cold. The 
change in the elasticity of the spring is, at least 
approximately, proportional to the cljange in the 
temperature ; but the moment of ineitia of the 
balance is proportional to the 9quam of its radius 
of gyration, so that any balance changing its radios 
uniformly with the temperature is imperfectly com- 
pensated. It may bo adjusted correctly for any two 
given temperatures, but the change in its moment 
of inertia will then cause it to gain at intermediate 
temperatures, and lose above or below the selected 
temperatures. In marine chronometers the error, 
which is never large, is in some cases reduced by 
adjusUug the primary compensation for a narrower 
range of temperature than the total change it is to 
be adjusted ^'he middle gain will then be less 
than if adjusted for a wider range. At the extreoiiiy 
of tbo selected range a supplementary or secondary 
compensation piece, called an “auxiliary,” comes 
into action, and continues the compensation through 
a further limited change of temperature. 

In N0K-MAaNETiSABU3 WATCHES the balance 
spring, as well as the quick moving parts of the 
i'^apement, must he of other matoial than steel. 
The most successful of these springs are made of an 


alloy of palladium, ^or the lever, pallet, bodyvand 
roller alt^nium bronse is one of the best maiberi^s. 

Vatev (47A^^) H^O. A faintly blue coloured 
liquid, the blue colour only boing apparent when a 
column of 2 metres or so is looked through ; xaelts 
at Cf under a pressure of 1 atmosphere, or at 

0 0076 under a pressure of water vapour equal to 
that of a column of meicury 4*66 mm. in height — 
that is, the melting i>oint is raised or lowered by 
about 0*0075*’ for a &crease or increase respectively 
of 1 atmosphere pressure. Water is easily super- 
cooled, so that if kex>t still and protected from dust 
it can be cooled far below its melting point without 
freezing; its vapour pressure at — 10°, 0®, 15°, 100°, 
and 144° is respectively 2*1, 4*6, 12-7, 760, and 3040 
in millimetres of mercury, from which it is seen that 
ice is markedly volatile and that water boils at 0°, 
15°, 100°, or 144°, when the pressure is 4*6, 12*7, T60* 
and 3040 mm. of mercury respectively. When water 
freezes it increases in vulume by abtmt one-elcvcnth 
part, so that pipes and vessels containing water are 
often burst when water freezes in them. If the 
freezing is effected in a test tube immersed in a 
freezing mixture, the water is seen to crystallise in 
slender needles, but in snow the small crystals are 
united to one another, forming very beautiful six- 
sided goometrioal figures — snow crystals. The latent 
heat of fusion of ice is 79 calories jicr gram ; the 
latent beat of evapoiation of winter at 100“ is 536 
calories per gram. At 4° 1 co. of water weighs 1 
gram ; this is the definition of the gram, the tempera- 
ture of 4° being selected l)ecauso water was believed 
to have its maximum density at this temperature. 
TIfb real point of maximum density of water is 3*945°, 
that is, whether water is cooled below or heated 
above this ti*mperature it expands: for example, 

1 c.c. of water at 4° becomes 1 000122 c.c. at 0°, 

1*000118 c.c. at 8° 1*000997 c.c. at 16°. The specific 
heat of water at 15° is unity; it varies with the 
temperature. The refractive index for the D line is 
1*3336 at 18°; it varies with the temperature. 
Water is a bad conductor of heat and electricity ; for 
heat its conductivity is 000154 (cm.ysec.); for 
electricity it is 0*04 x lO-w reciijrocal ohm centi- 
metres and referred to mercury as unit at 18° in the 
case of the purest water ever obtained ; wbilo for 
absolutely pure water it would probably be 0*036 
X 10- w. (Sec below.) The conductivity for elec- 
tricity increases with the temperature. The vapomr 
of water has a density correspfipding to the formula 
H.p ; but in the liquid state the molecules are almost 
certainly associated. An association of simple 
molecules of water to foi*m more complex molecules 
would explain a number of tbo peculiar thermal 
properties of water ; thus it has been assumed that 
water at 0° contains the two kinds of molecules 
(H-p), and — trihydrol and dihydiol. Tho high 

latent heat of fusion of icc, and its high specific heat, 
are probably due to the circumstance that much heat 
is required to resolve the trihydrol molecules into 
the simpler diltydrol molecules, while the high latent 
lieat of evaporation may be due to the circumstance 
that a farther large amount of heat is required to 
change the dihydrol molecules into single molecules, 
for steam consists, as its vapour density shows, of 
single molecules. Now Bamsay and Shields have 
shown, from the molecular surf^ energy of water, 
that at 6° water has a molecular weight of beWeen 
3 X 18 and 4 x 18. Water is resolved intoi its 
elements when heated to a high temperature; dis- 
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sociation l)eglDS at about d5(y^ and is complete at 
something over 2600°; it is also decomposed wben 
electric sparks are , passed through its vapour. 
Chemically, water is at the same time a weak aeid 
and a weak base ; this is shown by adding water to 
some water containing phenol phthaleiu rendered 
pink by a drop of dilute caustio soda solution, when 
the oolour will bo removed, and by adding water to 
some water containing methyl orange rendered pink 
by a drop of dilute sulphuric aold, when the colour 
will be changed to yellow. From the electrical 
conductivity of pure water it has been calculated 
that 1,000, 000 litres at 18^ contain 0'08 gram hydrogen 
and l‘B3 ^ram hydroxyl ions; yet small as the 
amount of ionisation is it corresponds to some 
millions of hydragen ions in each cubic millimetre 
of water. This ionisation of water enables us to 
explain the behaviour of (1) salts tormed by the 
union of a weak base with a strong acid, (2) salts 
formed by the union of a strong base with a weak 
acid in dilute aqueous solution. For cxaxni>le, (])a 
solution of ferric ehlonde has an acid reaction an<i at 
great dilution ceases to show the ordinary reactions 
of the ferric ion ; but if some hydrochloric acid is 
added to the liquid, it will again show the reactions 
for the ferric ion — 

3 + “— +■ — — 

Fe + 3tl + 3H + soil = FeCOH), + 3C1 + 3H 

Colloidal 
fenic hydroxide. 

—excess of hydrochloric acid reconverts the hydroxide 
into chlori(ie. (2) Potassium cyanide solutions are 
alkaline and smell of prussic acid. 

+ — 4 - <— + — 

K + CN + H + OH * K + OH + HCN ^ 

The presence of water often causes reactions to occur 
which will not occur in its absence, as the burning 
of phosphorus in oxygen, the union of hydrogen and 
oxygen or chlorine, the dissociation of ainmoniam 
and mercurous chlorides, and others. Many metals 
decompose water: sodium, potassium, calcium, 
barium at the ordinary temperature; iron, zinc, 
magnesium only on heating ; in all these cases 
hydrogen is liberated and the hydroxide of the 
metal fonne<l, or if the hydroxide is not stable at 
a high temperature tlie oxide is formed. The 
halogens decompose water, the speed of the decom- 
position decreasing with the atomic weight of the 
halogen. For the action of carbon M Watbb Gas. 
Water reacts with basic oxides to form alkaline 
hydroxides, and many non -metallic oxides and 

the highest oxides of some metals to form acid 
hydroxides (acids). It also unites with many sa Its, as 
what is called water of crystallisation, thus OaCl^BH^O, 
CuS 046H,0, FeSOJHA K^Fe(0^’),3H30, and a vast 
number more. The last three wmose formulas are 
given are coloured blue, green, and y'ellow res- 
pectively, but the anhydrous salts are all white ; so 
that some coloured salts owe their colour to their 
water of crystallisation. It is worthy of note that 
many salts which crystallise with water of crystal- 
lisation have in this state a volume equal to that 
of the water they contain when in the form of ice — 
the gram molecule, Na^COylOHiO, has the same 
volume as 10H.p in the form of ice. See aleo 
Weakbb’b Theo’by. For the behaviour of water as 
a solvent, *ee Solutions. Water is produced when 
hydrogen bums in oxygen or air ; in this reaction 
hydrogen peroxide is first form^, either wholly 
or in part, and this is decomposed at the high tem- 
perature into water and oxygen. The production of 


bydro^p peroxide is shown by diteoting the dame 
of hydrogen burning in air against ice, and testing 
the melted ice for the pieroxide. Water is also 
formed when compounds pt hydrogen bum in air or 
oxy^^n— when ammonia burns in oxygOn,^ and 
coal ^ in air ; it is also formed when anaddacts on 
an oxide, hydroxide, or carbonate. In the formation 
of water from its elements mne^ boat is evolved ; 
the production of 18 grams of water. at 18° from 
its elements evolves 67*9 large oalories (1 large 
calorie 1000 small calories). When hydrogen and 
oxygen are mixed in the right proportions to form 
water, and a light applied, the union is very rapid 
(in tubes it occurs at abouf the speed of sound), 
and it is this sudden evolution of a laige amount of 
heat that is responsible for the explosion which 
occurs. The composition of water by weight has 
been determined in several ways. Professor Morley 
proceeded as follows : “ . . . A quantity of hydrogen 
was weighed while absorbed in palladium, a quantity 
of oxygen was weighed in a globe, the two were 
combined, and the water produced was weighed. 
The two gases were brought together at two 
platinum jets enclosed in a small glass apparatus, 
which was weighed wliile exhausted, where they 
were made to combine. When the combustion was 
ended, the gas remaining in this combustion ap- 
paratus and the connecting tubes was extracted with 
a Tdplor air pump, measured and analysed. The 
combustion tube, the globe which had contained 
ox^'gen, and the palladium tube were weighed again. 
From the amounts of oxygen and hydrogen ex- 
tracted were subtracted the amounts of the gases 
found in the analysis; the remainders were the 
quantities combined in the combustion apptiratus. 

. . . The amount of water produced was measured 
by the gain in weight of the combustion apparatus. 

. . . The volume of hydrogen used in mvst of the 
ex])eriments was foity-two or forty-three litres ; the 
amount of water produced was about thirty-foi^r 
grammes in each experiment ; twelve successful 
experiments were made. The amount of gas left 
utiDurucd, and therefore measured in the endiometer, 
varied from a six- handled th to a ten-thousandth of 
the quantity concerned." Tlio mean result is 2 parts 
by weight of hydrogen to 15*879 parts by weight of 
oxygen. The determination of the composition of 
water by volume has been made by exploding large 
quantities of oxygen and hydrogen in small known 
quantities at a time, and determining the composition 
of the residue at the end. At 15° one volume 
of oxygen unites with 2*00245 volumes of hydrogen 
(Scott). 

Isatural waters arc never pure. When pure water 
is required in the laboratory, ordinary tap water is 
distilled. Water which has l^n distilled from tap 
water is pore enough for most purposes^ but if reqairea 
quite free from ammonia and oiganlc matter and 
minute traces of substances carried over by spirting, 
special measures must be taken. To get water free 
from ammonia, some potassium hydrogen sulpuate 
may be added to tbe water before distuling ; to get 
it free from organic matter and ammoiila, the water 
muht be boiled for some hours, in a flask provided 
with a reflux condenser, with potassium ^rman- 
ganate and caustic potash, then distilled. The first 
portions of the distillate will contain ammonia, but * 
the succeeding portions will be frea The distillation 
must not be coarinaed too far, or contamination from 
spirting results. Very pure water can 460 obtained 0 
by tbe apparatus shown in the figures. Fig. 1 shows 
the Gommete apparatus. Fig. 2 shows the stillf 
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'Which is provided with a constant level arrangement 
B, Ff an oponipg for cleaning, A, balQc plates starting 
at D to prevent spirting, and a cover, E, to prevent 
loss of heat ; the arrows show the direction taken by 
the steam. Fig. shows the condensing arrange- 
ment, which i'j a copper box, 
into the top of which four 
gla'ss tubes arc let, each pro- 
vided witliiulet and delivery 
tul»eb for condensing water;' 
below each tube is a funnel* 
shafx^d tube which collects 
the w-atcr and dclixcrs it into 
a bottle i»laccd below, tin* 
bide tube brings in the steam ; ' 
tube 6 can'ies away the water 
which condenses on the metal 
of the condenser. A rapid 
atream of cold water passes 
tf)fi:oiigh tubes 1 and 2, a slow 
stream through and 1 — this 
also feeds the .still. Tubes 1 
and 2 give the bc.st water, 
and tnlH? 6 gives the worst. Water having a 
condu<'ti\ity of one reciprocal megohm can be ob- 
tained Iron) tulx'S 1 and 2 by adding a little ijotus- 
bium hydiogcn sulphate to the water in the still, 
and by boiling this water in a platinum ^esscl its 
con<luctivity is reduced by half, 's\hcn it has a con- 
ducth it r ten times that gi\eu above for the purest 
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water yet obtained. This purest water was 
by Kohlrausch and HeydweiUsr* who distillOd imbt 
in a glass vessel under a pressure of 001 mm. mm** 
oury ; the glass vessel employed had been in Oonstan<t 
use for ten yoars> so that the soluble portion^ of the 
glass had been practically all removed (they say 
they ( niy obtained the above result with one out of 
a seiies of vessels which they used). In such water 
the impurity is about 1 part in 100,000,000 parts, or 
nlKiut 10,000 times less than t he weight of the gases 
the water could absorb from the atmosphere. 

On the large scale, for drinking purposes, water is 
purified by filtration (g.v.) Jfifee alio SANITATIOK, 
Of the ordinary natural waters, rain water is the 
purest, and contains on an average about 2 to 3 
parts of dissolved solids in 100,000, It contains the 
gases which it has washed out of the atmosphere, 
and traces of solids such as common salt. In 
towns it invaiiably contains sulphuric acid, and 
products from tho incomplete combustion of coal, 
Hpring and river waters owe their impurities to the 
ground through which they liave passed ; thus an 
average spiing or river water 'will contain about 30 
parts of dissolved solids in 100,000. Many spring 
waters have medicinal properties, for exatnple, tbf)be 
at Harrpgtite (sulphur wells}, which contains sul- 
idiurettcd hydrogen, and mii^esiiim sulphate and 
chloride; at Woodhall, which contains sodium 
bromide and iodide, and much carbonic acid; at 
Horn burg, which contains bicarbonate of iron, lithium 
chloride, sodium bromide and traces of iodide, and 
much common salt and magnesium chloride; at 
Vichy, which contains very large quantities of the 
bicaibouates of sodium, calcium, and magnesium; 
ai Tlnnytidi J&nos, which contains verv largo quan- 
tities of luagne'^iuni and sodium sulphates. 8 ca 
w^ater contains about .3,900 parts of dissolved solids 
in 100, (H'O parts. The solids coiisi.^t of the chloritles, 
sulphates, bioinides, iodides of sodium, magnesium, 
]x>ta8^iuin, calcium, and lithium, the iodine and 
lithium l>cing present in minute amount only. 
Waters used for w^asliiug purposes are classified as 
hard and soft. Thr.se terms relate to the act ion of 
tho water on soap ; a water wltich } iclds a lather with 
difficulty is called hard. To explain the action of a 
linrd water on soap, wo shall suppose that soap is 
sodium stearate. Nar,gU9.,0^. Soluble salts of cal- 
cium and ujagnobium act on* soap thus: ^ 

C^aRO, + 2NaC,8H«0^«Ca(r,8H„0,), + Na^SO, 

CaIcIuiu stearate. 

Now calcium and magiie.siiiih stearates being in- 
soluble in water, separate as solids, and this goes on 
until all the calcium and magnesium salts present in 
the water arc rcmoverl as calcium and magnesium 
stearates, after which tho soax> begins to dissolve in 
the water and ])roduccs a lather. I’hus the harder 
tho water is, rhe more soap will it require before a 
lather can be formed. Tho four salts which com- 
monly cau.so water to be hanl are the acid carbonates 
and ilie sulphates of (‘alcium and magnesium. When 
water containing the acid carbonates of these metals 
in solution is either boiled or treated with milk of 
lime (jtee Calcium Compounpb), they are converted 
into the normal carbonates, which are nearly in- 
soluble in water: . 

Ca(lirO,), » CaCQ, + + CO, 

Ca(HCO ,)2 + Ca(OH), 2Ca00i + 2H,0, 

That is, the hanlness due to the acid carbonates is 
removed ; this kind of hardness is therefore called 
Temporary HardUi^ s. Tlic sulphates of caldam and 
magnesium cannot be removed by boiling, and lime 
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water has no action on calcium sulphate, while it 
would only replace magnesium sulphate by its equi- 
valent of caiciuui sulphate. The hardness due to the 
sulphates (and chlorides if present) of these metals 
is therefore called Permanent Hardness, Both 
temporary and permanent hiurdness can be nearly 
completely removed by the addition of both milk 
(»f lime and caustic soda in proportions determined 
oil after analysis : 

CaCHCOa), + OaSO^ + 2Na0n == 2CaC08 + 

Na^RO, + 2n.fi, 

excess of acid calcium carbonate being removed by 
the milk of lime. Natural waters such as spring, 
well, and river water are often contaminated by 
drainage from cultivated land and by the addition 
f»f sewage. Such waters contain organic matter and 
the products of its decomposition, such as ammonia, 
nitrites, nitrates, and sodium chloride (from mine). 
The ammonia in such water is estimated by making 
it alkaline, distilling over the ammouiu, and com- 
paring the colour given to the distilLite on adding 
Nessler’s Reagent, with tliat produced by tlie same 
reagent in known amounts of ammonia. An idea of 
the organic matter can be obtained by distilling the 
residue from the last distillation with alkaline 
potassium permanganate, when a portion of the 
organic nitrogen is converted into ammonia, which 
distils over and is estimated as before ; also the 
water is treated, with potassium permanganate and 
sulphuric acid, when the organic matter is oxidised — 
in an analysis these last two results are returned as 
albuminoid ammonia and oxygen absorbed rcsi)ec- 
tively. The nitrites arc estimated b}^ tlie depth of 
colour they produce in an acidified solution of metft- 
phcnylene diamine («<?« Bismakck Biiowi?) ; and tbc 
nitrates are reduced to ammonia by a zinc-copper 
couple and the ammonia is distilled over and esti- 
mated as iKjfore — the nitrites and nitrates arc 
returned as nitrogen. A water for drinking puri>oses 
should not contain in 100,000 parts over *005 parts 
ammonia, *01 parts albuminoid ammonia, '1 part 
oxygen absorbed in one liour, about *2 parts of 
nitrate expressed as nitrogen, 2 parts of total 
chlorine; it should contain no nitrite. But these 
numbers are all subiect to allowances for the source 
of the water. A drinking water should always be 
ccamined bactcriologically as well as chemically. 

W. 11. H. 

Water Bar (Ifuild.) A longitudinal bar of metal 
let into a groove between the wood and stone sills 
of a wbtdow to prevent water from penetrating the 
joint. 

Water Battery (JUlect,) A series of simple cells 
having copper and zinc plates immersed in water. 
It is chiefly useful in the calibration of electrometers. 

Water Colour Painting. Stfc Painting. 

Water Cooled. A term applied to machinery or 
apparatus which is surrounded by a space in or 
through which water flows, to carry off heat and so 
prevent undue rise of temperature. The cylinder of 
a gas engine, etc., is commonly water cooled. JSee 
Petrol Engine, 2^. 614, 

Watered Tabby CSilk Manvfac,) Plain silk woven 
as tabby a coarse weft being used. The 

watered effect is obtained by pressure between 
rollers. 

Water Gaa {Chem.) A mixture of hydrogen (about 
60 per cent.), carbon monoxide (about 40 per cent.), 
carbon dioxide (about 3 per cent.), methane (about 



0*6 per cent.), nitrogen (about 4 per cent.),‘^hd 
traces of other gajes, especially sulphuretted 
hydrogen, the mixture being produced by bloWlng 
steam over fuel such as coke huMed to a suflioiexitly 
high temperature. Many forms of apparatus are ito 
use for the manufacture of water gas, particularly in . 
the United States of America, where it is used on an . 
enormous scale. The method of working is as 
follows:— Air ^ drawn over burning coal or coke 
by an exhausting pump, the gas from, the burning 
fuel is led over brickwork, which is thereby heated 
to a high temperature, and it may then be used to 
heat a boiler : this gas is producer gas, and is com- 
bustible, but has not the same value as water gas as 
a calorific agent ; it is utilised if i)ossible. When the 
brickwork and fuel are hot enough, steam is blown 
through the heated brickwork and then over the 
fuel ; the gas so produced is water gas, and it is sent 
to gas holders. The reaction between the steam 
and Cf)al is strongly endothermic, so that the tem- 
perature of the fuel falls: wdieii it has fallen low 
enough air is drawn over the fuel again, and so on. 
Tlie principal reactions arc 

C-fll.O =»CO +11. 

C + 211,0 CO, + 2ll,. 

The former absorbs 27,700 small cfilories, the latter 
17,1(50. At 1,000® the former read ion occurs almost 
to the exclusion of the latter, but at (lOU® the reverse 
is tlie case; but even at the higljcr temperature 
excess of steam must not be used, or it will react 
with the carbon monoxide, forming the dioxide and 
hydrogen. 

Water gas burns with a blue flame ; it requires 
about half as much air for its combustion as coal gas 
does: its “calorific power’’ is about half that of 
coal gas: in British Tliermal Unifs it amounts to 
about 3(X). (“Calorific power”-* the number of 
British Thermal Units evolved by the combustion of 
1 cubic foot of the gas. The B.T.U. is the lie^t 
required to raise 1 pound of water fixiin (50® F. to Gl'fF. 
=:262 calories). Water gas is extremely poisonous 
on account of its large percentage of oavbt)U monoxide 
and as the gas has practically no smell the use of 
the pure gas is nut free from dauirer. In 1889 two 
workmen employed at the Leeds Forgo Works were 
poisoned by the gas in a cabin— a cooking stove 
supplied by the gas hail been turned on and not 
lighted ; and two days afterwards several medical 
men performing the post-mortem in a room containing 
some gajj burners partly turned on but unlighted, 
experienced symptoms of carbon-mono.^ido poisoning. 

Water gas haviiig no illuminating power can only 
be used for heating purposes, or with a Welsbach 
or similar mantle for illuminating purposes. When 
required to be used for lighting as well as for heating 
purposes it is “ carburettod *’ — that is, mixed with 
oil gas and heated to a high temperature, whereby 
hydrocarbons tliat bum with a luminous flame are 
added to the gas. W. H. II. ^ 

To enable an escape of the gas to be easily detected, 
a small quantity of a vapour having a pronounced 
smell is sometimes added to it — a trace of carbon 
disulphide serves the purpose. 

Water Olass {C/iem.) Hee Soluble Glass and 
B(;g;)iUM Compounds. 

Water Glass Fainting. Painting. 

Water Joint {Bvild:) A device used in jointing 
stone cornices, etc. A ridge is formed on each side ^ 
of the joint on the top sur&ce, to tlirow off the rain 
and prevent it getting into the joint. 



WA¥ 


841 


WAV 


Water Ltelc* A Wateb Seal 

Wa^rmaFk {Paper Mamfac*) The transpaxent 
nBJok or pattern produced in paper by the “ dandy 
roll or other means. " 

]ffater Meters. There are two principal kinds of 
water meter, tl>o most accurate type being the Posi- 
."TiVB Metkb, in which the whole of the water 
' supplied passes through a cylinder fitted with a 
piston whose movements are recorded by suitable 
mechanism. For large supplies a Tuebike MmtEe 
is used, in which a small water turbine (qj^) is driven • 
by the current of ws|j;er, and tlio revolutions of the 
turbiue recorded by mechanism. From this tlie 
amount of water which has flowed through the meter 
may be found. 

Waterproof (Woollt^n or Worsted Mamtfao,') A 
cloth which has been chemica]l.y treated to make 
it impervious to wet. See also under Eubbee. 

Waterproof Paper. The Willesden paper con- 
sists of ordinary paper passed through a bath of 
cupro-ammoniura (a solution of copper in ammonia). 

Water Seal (Phmh). See Bkal and Sanitation 
(Sewehage and Deainaoe), G38. 

Waterspout {Meteorol), Cloud brought down to 
thfi land or water surface by a rajjid gyrating 
motion like that which takes i)laoo near the centre of 
a bnnado. When occurring over a water surface, 
the level of this surface is sligh^y raised. 

Water Supply. S'^e Sanitation,^. 636. 

Water Twist ( Cotton Manvfac,) A noted stroncr, 
round and uniform yarn, spun on the flyer or throstle 
frame. Originally spun on Arkwright’s water frame. 

Water Waste Preventer (Sanitation), A flushing 
apparatus which seiwcs to break the connection 
between the water supply piije and the w’ater cTo.sct, 
most ordinary forms in use are the “valve 
cistern ” and the “ siphon waste preventer.” In the 
former water only flows so long as the chain is Ijcld. 
It is open to objection, as the cistern is liable not to 
to be completely emptied, in the siphon wa.ste 
preventer one pull of the chain is suflicieut to put 
the siphon in action and discharge the entire con- 
tents of the cistern. Water waste preventers should 
be fixed at a height of not less than 4 feet above the 
basin in order to secure a proper flush, and should 
contain not less than 2 gallons of water, the service 
pipe being or l-j inches in diameter. 

Water Way {Plvwb.} The aperture through a 
cock or valve when open. 

Watt (Elect,) The unit of power in ordinary 
electrical practice. It is the energy furnished in 1 
second by a current of 1 ampere flowing tmder a 
potential difierenoo of 1 volt — i,e. 1 Joulk (q,v ,) — 
per second* One horse power {q,v.) equals 746 
wa^. 

Watt Hour (Elect, Eng,) A unit of supply of 
electrical energy, being a supply of 1 watt for 1 hour. 
The commercial unit is 1,000 watt hours, and is 
known as 1 Board of Trade Unit (1 B.T.U.) 

Wattless Current (Elect,) The number of watts 
supplied by an alternating current whose virtui^l 
value is C, virtual voltage E, and angle of lag is 
CE cos <p. If the current be re^rded as resolved 
♦into two coftponents, one being 6 cos ^ which is in 
phase with the volts, and may be termed the WOBK- 
ING CVBBENT, and the other C sin which difEers 


in phase from the volts by 90**, and conluiibutes nothing . 
to the watts, then this second component is the 
Wattless Cubeent. 

Wattmeter (Elect Eng,) An instrument fbr 
measuring the power supplied to any electric circuit ; 
in direct current circuits this is the simple product 
of the current in amperes, by the voltage. Fw alter- 
nating current circuits it is CE cos 0, where C and'lS 
.'ire the virtual current and virtual voltage, and <0 the 
angle of lag. 

Watt’s Indicator and Indicator Diagram (Eng,) 
See INDICATOB, etc. 

Wavellite ( Mi ) Hydrous phosphate of alumina ; 
orthorhombic, usually in small spheres having a 
radial structure; nearly perfect cleavage; colour 
while to brownish. Found in Devon and Cornwall, 
Scotland, Ireland, Central Europe, United States. 

Wave Moulding (Architect), A moulding very 
freely used in decorated Gothic work. It consists of 
two ogee (q.v,) mouldings, forming a hollow with a 
swelling in the centre. 

Waves and Wave Motion (Phys,) A wave is a 
periodic disturbance which is passed on continuously 
from one j>art of a medium to the next. The dis- 
turbance or motion of the individual particles of the 
medium may take different forms. In water waves, 
in a vibrating string, and in light waves, it is at right 
angles to the direction of propagation of the wav© ; 
such disturbances are termed T'KANSVEESB Waves. 
In the transmihsion of sound through air, the dis- 
turbance occurs in the same direction as the propa- 
gation : the disturbances are termed Longitudinal 
WAVEj5t. The velocity of a wave is the rale nt which 
the disturbance travels. Generally speaking, if E 
be the elasticity of the medium, and p its density, 
the velocity V is — 

Vf 

Here E is the particular modulus of elasticity con- 
cerned in the propagation. For a sound wave in a 
gas it is the volume elasticity, for a longitudinal 
wave in a solid rod it is Young’s modulus, and for a 
torsional wave it is the simple rigidity. For a cord 
or string wlio.se mass per unit length is and 
which is stretched with a tension T, the velocity 
of a transverse impulse is — 



The Wave Length is the distance from any given 
particle in the medium, to the next particle whose 
displacement and motion are similar. In water 
waves, for example, it is the distance from crest to 
crest, or hollow to hollow. If w bo the frequency of 
the waves, %.e, the number which are produced, or 
which pass a given point, in unit time, and if Y be 
the velocity and \ the wave length, then V ** 

A Wave Feont is a surface (or line) drawm through 
particles of the medium which are in the same phase 
of vibration. If the waves be in two ilimensions, as 
in the case of water waves, the surface becomes a 
line ; thus if a stone be dropped into still water, the 
waves travel outward from the point of disturbance, 
and the wave fronts are circles, made readily visible 
by the successive crests and troughs. Waves may be 
described according to the geometrical form of the 
wave front ; e,g, a SphbbicaL Wave, such as travels 
thi-ough free air from a sounding body, a Plane 
Wave, etc. 

A line coinciding with the direction of propagation 
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of tie distarbanoe is termed a Bat. In the case 
mentioned, the Ta.rs are actual radii of the circles, 
and obviously at right angles to the wave front. 

Waves, Eleetrio (Phys,) When an oscillatory 
discharge occurs, a portion of the energy is 

given off from the circuit and sets ttp in the sur- 
rounding medium the form of radiation known as 
Electric Waves, which closely resemble light and 
beat waves in their ],hysical properties. See 
Badiatiok, p. 691. 

Electric waves are usually produced by the passage 
of a spark between two polished metal balls, which 
are charged up to a high difference of potential by 
means of an induction coil. The frequency of the 
waves is the same as that of the oscillatory discharge, 
and therefore varies according to the self-induction, 
resistance, and capacity of the circuit in which the 
dischaige occurs. Waves so produced are detected 
in several ways, of which the most important are the 
Besokatou and the Cohebkb. The Resonator con- 
sists of a simple circuit, usually of thick wiie carrying 
motal balls at its ends, which are bent round till 
they nearly meet, and so form a narrow spark gap. 
If the resomitor ho correctly “ tuned*' or a^ljustod in 
size, the presence of electric waves can be detected 
by sparks produced between tlie metal balls. The 
Coherer consists of a small tube containing metal 
filings, included in series with a galvanometca' and a 
cell, or wdth a delicate relay actuating ordinary 
telegraphic instruments. The normal resistance of 
the filings is so great that no appreciable current 
flows in the circuit, but directly electric waves impinge 
on the coherer it becomes a conductor, and a current 
flows through the galvanometer, producing a rt^d- 
ablo deflection. If the coherer be now tapin^d 
lightly it relunis to its former condition, and the, 
current stops. 

Electric waves can be reflected by plane or curved 
mirrors, and brought to a focus by the latter. Ihey 
can be refracted (Hertz used pnsms made of pitch 
for this purpose), and they can be p<jlarised. Measure- 
ments can be made of their wave length and their 
velocity, which latter is found to correspond very 
closely with that of light. 

Wave Theory (P//ys.) The theoiy^ which explains 
the phenomena of light and other forms of radiant 
energy by the formation of wa\e.'!i through an in- 
visible medium, the Ether, wdiioh fills all space. 
The Wave or Undulatoby Theory superseded 
the earlier Corpusculab or Emission Theory, 
(which assumed that a luminous body emitted small 
particles wdiich travelled through space at a high 
velocity), and furnishes an explanation of all known 
phenomena of the nature of light. 

Vavy ( Her,) A bar, bend, or other ordinaiy (q.v,') 
may be represented **wavy*' or curved with three 
undulations. Wavy or iind^e is also one of the forms 
of partition lines. See Heraldby. 

Wavy Rale ( Typoq,) Brass rule, the face of which 
is in the form of waves. 

Wax iChem.), A name given to many substances, 
of animal and vegetable origin, of very different 
chemical compositioo, but possessing some of the 
physical properties of beeswax. A true wax con- 
tains one or more of the following classes of com- 
pounds; (1) An ester composed of a higher fatty 
acid and a liigher fatty alcohol ; (2) An ester com- 
posed of a higher fatty acid and glycerine ; (3) A 


tee tety acid. Of these (1) must be a constituent. 

ITox. BSieer(iy« Al«r(2>. 

Benawax. Myiloyl palmltots ^ , OoiuttoieiA 

(See Pauiitsg Acin) 

Oryl ceroUte. 

CblDese wax Cetyl cerotate. «• — 

(JStt Oebvl Alcohol) 

JaiHin wax — Olyoeiyl palmitsta Fahnltle aoU 

Spermaoeti Cetyl palmitatc — — 

rarafBn wax is on the above definition not a wax at 
all ; it is a mixture of the higher solid hydrocarbra 
of the paraffin series. See aZse Beeswax : 
Spermaceti. « 

Waxed Leather {Leather Manvfao.) Leather 
finished flesh side outwards. The leather is coated 
with a size or waxing solution made of oil, lamp- 
black, and gelatine. Bometimes small quantities of 
various waxes are used to give a good polished 
appearance. 

Way Leave, Way Lease. Permission obtained 
from the owner for the carrying of a pipe, wire, etc., 
across any proi)erty. 

Ways {Pnq.) (1) Longitudinal guides for a thble 
which supports and advances work in the direction 
of the operating tool. (2) The massive timbers along 
which a ship slides into the water when being 
launched. 

Wealden Rocks {(>eol.) The lowest division of 
the Cretaceous system, resting on the Jurassic Rocks. 
See Strata, Table op (Appendix). 

Weather {Metrorol.) Tie atmospheric conditions 
that prevail at any particular moment or during a 
short period of time as shown by the meteorological 
elements. See Meteorology. 

Weather Boarding {Carp, and Join.) Fc^ather- 
edged boards fixed horizontally, the thick eilge of 
one board overlapping the tbiii edge of the next. 
Used on roofs and walls of wooden buildings. « 

Weathering {Build.) Forming a sloping sur&ce 
on sills, etc., in order to throw r if rain water. 

C Geol.) The pnn^ess of decomposition which 

occurs in the superficial layers of rocks where 
they are exposed to atmospheric influences. 

Weather Lore {Meteorol.) Sayings relating to 
weather based on observaiious of weather sequences 
and noting the foreshadowed effects of certain 
atmospheric conditions on objects animate and 
inanimate. 

Weather Mapi i Meteorol.) Charts which show 
the prevailing atmo.splieric conditions at any parti- 
cular moment of time. 

Weather Moulding {Architeet.) See Hood 
Mould. 

Weaver’s Warp or Web {TesetiUe) A warp 
containing a number of ends placed tide by side 
and wound or coiled in laps on a beam ready io%tha 
loom. 

Weaving. &!e Loom, Cotton, Liken, Silk, 
Wool. 

Weaving Plan {Weaving). A plan showing the 
working design on the least number of healds, shafts, 
and picks possible. From this the tappets are set, 
or dobby lattices are pegged, so as to produce the 
correct pattern in cloth. Other terms are: tappet 
plan, lifting plan, pegging plan, tle1ip.» ^ 

Wob {Bng., Build.^ etc.) The central vertical part 
between the flanges of a girder. 
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(Puper Mun^fae,) Tfee tetm nsuiirny applied 
to the sheet of paper as it qomes vet from the machine 
vire. 

— (Weaving), (1) The warp in a loom. (fS) 
The whole piece cloth woven in the loom. (3) A 
piece of linen cloth of specific size. 

Veb^ {Meet,) An old term for the AMPicBB (^.o.) 

Web Glass {TeaeWes), A glass used fos counting 
the number of threads in a given space of the cloth 
to find the set or fineness. 37", 38", and 40" are the 
glasses most commostlir nsed in Ireland. These are 
respectively the 200th part of 37, 38, and 40 inches 
as the set of the cloth la so many 200 threads in 4(K' 
in the red, or 38" of brown cloth, or 37" of white 
cloth, or something near to this. See 8i3T. 

Web Machine (Pri^U.) A printing machine on 
W’hich the sheets are carried forward to the impas- 
sion cylinder by means of tapes. 

Websterite (Mm. ) A hydrous sulphate of alumina, 
Al.^ iK)u. 911,0; occurs in earthy white masses in Kent, 
Hussex, and oTsewhere, usually in the chalk ** pipes.*’ 

Wed^e Photometer {Astrm.) See Thotometes. 

Wedgwood Ware. Josiali Wedgwood (1730— 
1795) commenced bosinoss on his own account in 
1769. He took Thomas Bentley into partnership in 
17GH. Bis manufactory at Etruria, Staffordshire, 
was opened in 17G9. The name of Wedgwood will 
ever remain associated with some of tlic finest 
keramic productions of the eighteenth century. The 
Jasper Cameo wares, the black basalt statuettes, 
and the models by Flaxman, as well as the classical 
forms, are of the greatest beauty. 

Weft, Woof, or Shoot (Teurtile Jfanv/ac,) The 
or thi'cud iwlded to the warp in weaving by 
means of the shuttle passing to and fro from selvedge 
to selvedge. Also termed “abb** in the West of 
England, and ‘Milling’* in America. It is usually 
spun softer than the warp yam, being twisted less. 
“ Cop ” weft (j/.r.) is generally twisted in the opposite 
direction to warp (q.v,) 

Weft, Backing {Textile Manvfac,) Special yam, 
usually thicker in counts than that used for the face 
weft, and confined to the back of the cloth in 
weaving, for giving weight and substance. 

Weft Fork {Textile Maaufae,) A simple and 
ingenious contrivance for stopping a loom auto- 
matically should the weft in shuttlo break or become 
exhausted. 

Weighting {Textile Manufae.) Tlie variable 
amount of tension required to bo applied to beams 
or vwrp to keep the warp yams in proper position on 
the loom: or in lace manofactore to obtain various 
effects. See Loom. 

Weights and Measures. The English standards 
of weights an<l measures are derived from certain 
arbitrary standards preserved by the Board of Trade. 
The chief of these are the Yard, which is legally 
defined as the distance between two marks on a 
standard metal bar, measured at 6T* F., and the 
pouKD, of which the standard is the mass of a 
certain piece of platinum. Duplicates of these 
standards, which have been accurately compared 


with the oHgihais, are also pre^esrved in 
places. _ "V; , ' 

1 EsrciniSH MisAStnt&s. ' ' % 

(1) (Linear Measure). 

12 inches (ihs.) s»lfoot(/f.> ' r 

8 feet aelyard(yg.) 

^ yards » 1 md, pole, or perch, 

40 poles (220 yards) 1 furlong. 

6 furlongs == 1730 yards »» 1 mila 

1 geographical mile £= 6082*66 feet. 

1 nautical mite ss 6080 feet. 

3 miles sa 1 league. 

Surveyors use the following: 

1 chain s= 100 links == 22 yards. 

Electricians use a unit termed a mil. 

1 mil = *001 Inch. 

Miners and sailors use the fathom — 6 feet (apjptex^ 
imaiely), 

(A cable = 100 fathoms, 10 cables s 1 geographical 
mile.) 

(2) Area (Square Measure). 

144 square inches s=: 1 square foot. 

9 square feet = 1 square yard. 

30J yards = 1 square rod, 

pole, or perch.. 

40 square reds = 1 rood, 

640 acres (3,097,600 square yards) = 1 square mile. 
Surveyors use : 

484 square yards 1 square chain. 

10 square chains 1 acre. . 

(3) Volume (Cubic Measure). 

1728 cubic inches = 1 cubic foot. 

27 cubic feet as 1 cubic yard. 

4 gills = 1 pint, 
a 2 tdntf' = 1 quart. 

4 quarts = 1 gallon = *16057 cubic feet. 

% 2 gallons = 1 peck. 

4 pecks = 1 bushel. 

8 bushels =; 1 quajter. 

A great number of other measures are used in 
various tiwdcs, e,g, various multiples of the gallon,, 
which aie employed by dealers in wine, spirits, etc. 

(4) Weight, 

AVOIRDUPOIS WEIGHT. 

16 drams = 1 ounce (w.) = 437*5 grains. 

” 16 oz. = I pound (/A) = 7000 grains. 

28 lb. = 1 quarter, 

4 qrs. = 1 huudri-dweight (cicf.) s= 112 lb; 

20 cwt. =.* 1 ton =; 2210 lb. 

TROY WEIGHT. 

24 grains = 1 pennyweight (dwt,) 

20 pennyweights = 1 ounce (pzT) = 480 ^ins. 

12 ounces =5 1 pound. 

The ounce troy is legal (but not compulsory) for 
the sale of gold, silver, precious stones, etc. . 
APOTHECARIES WEIGHT. 

20 grains = 1 scmple. 

3 scruples s=: 1 dram. 

8 drams = 1 ounce. 

The grain, ounce, and pound in Apothecaiiesf- 
Weight are the same as in Troy Weight. This 
measure is legal (but not compulsory) for the saW 
of drugs. 

(5) Angular Meaivre, 

60 seconds (60 ') =» 1 minute (lO- 
60 minutes (60*) ss= 1 degxee (1®), 

90 degrees (90^) 1 right angle* 

(i^) MeamretefTim. 

60 seconds =& 1 minute. 

60 minutes ^ 1 hour. 

24 hours 3 = 1 day s» 86,400 seconds. 
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, tl, ^Tbis is a decimal* 's^^tesa 

' cf vei^t^ts^and nleasures, la which only i^ialti^les oi 
ar^ employed. It is nsed by most oontiinental 
, c6imtries and their colonies) and in most sciehtido 
' wo£. 

The standard of length is the AIetbe, which was 
intended to be ^ne ten-millionth of, the earth's 
^^iiadraht } it is now defined by a standard bar termed 
the JUetre de» Archives^ preserved by the French 
Government. 

The multiples and sub-multiples of any unit are 
denoted by the following prefixes : 

rT?inr the prefix Milli-, 

xJt « » « CENT!-, 

* A M » ,• 

.10 units by the prefix Deoa-. 

100 „ „ „ IlECTO-. 

1.000 „ „ „ Kilo-. 

10.000 „ „ „ Mybia. 


(1) Leiiffch , 

10 millimetres (mm,) = 1 centimetre (am.) 
U) centimetres = 1 decimetre. 

10 decimetres « 1 metre ( 7 a.) 

10 metres ' == 1 decametre. 

10 decametres = 1 hectometre. 

10 hectometres = 1 kilometre. 

The metre = 39-371 inches. 


(2) Area., 

100 sq. mm. = 1 sq. cm. 

100 sq. cm. = 1 sq. decimetre. 

"* 100 sq. decimetres := i sq. metre, 

* 100 sq. metres = 1 sq. decametre or 1 are. 

In measuring land, the are and its multiples are 
employed. I hectare = 2*471 acres. 

(3) Vohme. • 

The cubic centimetre and its multiples are used ; 

a special name, the IjITKE, is given to the cubic 
decimetre (1000 o.c.) and multiples of this measure 
are used. A cubic metre is termed a tiTEBE, 

The litre = 1*76 English pints. 

(4) Weijffht. i 

The unit is the gram, which was intended to be 
the mass of a cubic centimetre of water at it» 
maxiumm density. In practice it is ^ 0^.0 the 
Kllagram'tm des Arehiam. (ly. Metre.) The usu^-l 
multiples, etc., are used ; a special name, the Toxkb, 
i.s given to 1000 kilograms. 

1 gram = 1«*432 grains. 

1 tonne = *9842 ton. 

1 pound = 453*593 grams. 

6. Angular Meamre. 

A decimal division of the right angle was drawn 
up in the eighteenth century, but is not in practical 
use. It was as follows ; 

100 seconds = 1 minute. 

100 minutes = 1 grade. 

100 grades = 1 right angle. 

Weirs (Cvcil JSTig.) A weir inS a barrier placed 
across a stream in order to raise its level. Solid 
Wexes are banks of masonry, stones, piling, etc., 
usually of a triangular cross section, or walls of 
masonry, wiiich may be combined with concrete. 
Draw Doou Weirs possess vertical sliding doors, 
which can be raised in times of flood. A good 
example is found in the weir at Bichmond (Surrey), 
in which doors 12 ft. high are raised and lowered 
by cables from the footbridge above. Movable 
Weirs are more or less temporary barriers ; there 
are various forms, of vrhicb some of the commonest 
are as follows ; Needle Weirs consist of a row of 
timbers placed vertically (or nearly so) across the 


streazo^ the^ bases resting against a sill, the . tops 
against a continuous bar crossing the’ river, Xh^y 
are chiefly found in France and the Low Countries 
Panel WeIirs arc of somewhat similar type, but 
wooden panels are substituted for the narrow timbers. 
Curtain Wi&irb have a rolling partition, Bome\Vhat 
like the rolling shutter used in shops, special forms 
of hinge being used in order to produce a water- 
tight joint.* Drum Weirs have a shatter or leaf, 
liiuged along one end and rotafted iii a Dbdm or 
quadrant sliaped cavity. 

Weld (Eng.^ etc.) Welding is the process of form- 
ing a homogeneous joint between two pieces of iron 
(or mild steel) by heating them to a high tem- 
perature, termed a WELDJNtt Hisat, rapidly cleaning 
off slag lind other surface impurities, and i)ressing 
and hammering them together. A ilnx, such as 
clean sand or borax, is commonly usctl to facilitate 
the removal of oxide, etc., from the surface.^ 

Welding Heat etc.) A temperature of 

2500® to 2700*^ F. in the case uf wrought iron ; steel 
welfis at a lower temperature. 

Weldon Process (Chem.) A process employed* to 
reconvert the manganese chloride obtained in the 
preparation of chlorine from manganese dioxide and 
hydrochloric acid, into marigaiieso dioxide again. The 
li(]uor from the chlorine still is allowed to settle ; it 
is then neutmlised witli chalk, which also precipitates 
iron (present iji native manganese dioxide) ; the clear 
liquor from this process is mixed with milk of lime 
heated to 65®, and air blown through it. This 
oxidises the manganese hydroxide precipitated by 
the milk of lime to manganri.s© dioxide, which unites 
with some of the calcium hydroxide to form calcium 
manganite: tlie latter settles on standing — the 
depo.siL, known a.s Weldon mtnl, is u.sed to generate 
clilorincCaMnO^ + OllCl = + MnCL •{- 3II..O + 

Clj. Much less chlorine is made in this way how 
than formerly, so that this process is not .so much us^^ 

Wells, Wells are classified as Deep or Shallow 
according to whether they do or do not pass through 
an imijermcable stratum of sufficient thickness to 
cut off the surface watei- The division i.s thus inde- 
pendent of the actual depth of the well. See 
Artesian Wells, Hhallow Wells, Deep Well 
Water, and under Ij^anitation. 

Welsbaeh Incandescent Mantle (Chem.) A 
mantle (q.v.) composed chiefly of thorium oxide, 
with 1 j)ei cent, of cerium oxide. See aUo under 
Flame, 224. 

Welsh Harp ( Mime). A harp having three rows 
of strings, the two outside rows being in unison, and 
the inner so tuned as to complete the chromatic 
scale. It has the strings on the right side, and is 
held on the left shoulder. U'he treble is played with 
the left hand and the bass with the right. See also 
Harp, 429. 

Welt (Eng.) The strip of iron laid over a Butt 
joint ( q . v .) 

Welt Joint (Phmh.) A joint formed by folding 
the edges of sheet lead, ^siuc, etc., one over the other. 

Wenlook'Series ( Geol.) .The middle division of the 
Silurian Bocks, equivalent to the Salopian ( q . v .) 

Wernepite ( Mm , ) A synonym for Sgapolixe ( q . v . ) 

Werner’s Theory (Chem.) Is an extension of the 
theory of valency so as to explain tffe formation,* 
constitution, and transformations of those complex 
compounds whose formation, constitution, and trans- 
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form^trons appear to be otherwise incapable oA 
explanation. For instance, on none of tlie ofdinAry 
assumptions as to the valency of any of the elements 
of the following compounds can thoix existence be 
interpreted : 

UgCifillfi, K.Oo(NO,)„ Cr(NH,)«Gla. PtCl^K, 
Wemer assumes that those atoms which are able to 
form what may bo called the. central atoms of these 
complex compounds x^osscss two kinds of valency — 
a Principal and a Subsidiary. The I*rincipal VaJency 
ifl the ordinary valciioy exhibited by the atoms in 
their simxdest and most stable compounds, or it is 
the valency exhibited by the element or gronp when 
it exists in solution as an ion. The Bubbidiary 
Valency is a residual valency exhibited by com- 
pounds formed from elements united by Principal 
Valency, and as such compounds can never be ions, 
or act as equivalent to ionb, subsidiary valencjy may 
be defined as a valency which unites to each other 
compounds whicli can neither act ns independent 
monovalent ions nor bo equivalent to them. Com- 
XKiunds in whose forn».a1ion only X)riuoi pal valencies 
are satibCled aie called compounds of the first order ; 
cdhijioutidb formed by the union of compounds of 
the first order aic called comxiouuds of higher order. 
TbChO definitions are illustrated by the following 
cxainpleh : (1) Balphur tiioxidc unites with water 
1(» form bnljfiuirie acid. This union is assumed to 
occur in the first )»lace by means of the subsidiary 
valency of the bulphur in the trioxide and the oxygen 
in the water. Tliis subsidiary valency is always 
shown by a dotted line. The union is expressed thus : 
<) O 

orf + Oil. ^ OS ... on, 
o ‘ o 

(2) A quite analogous case is the union of gold 
trichloride with Indiochloiu* acid to form chloroauric 
acid: 

C’l 01 

% c'lAu + cm =. ciAu ... cm 

n Cl 

(3) riatiuie chloride unites with two molecules of 
Indrochloric mid and wdth two molecules of 


cm ^ Cl 

In cxamx»lcs(2) and (3)1 lie subMdiaiy valeucies of 
the compfniiidh of the titsi older reside on the atoms 
joined by the dottt'd liiu's. Jt may be obseived tliat 
on the ordinary tin ory of valency gold chloride, 
platinic chloride, h>diochh)ri»' acid, aie all saturated 
coniijounds, >et wo’fiiul them uniting to form quite 
stable comiiounds, and the same thing is observed 
in a ver,> laigc ii umber of cases, so that bome bueh 
assumption as that of subsidiary valency appears to 
bo full} justified. The price ix>al valencies and the 
biibsidiaiy ^alen(•ies in compounds of higher order 
not indepcuclent of ea(‘h other. Thib is shown 
by the frequency with wdiich compounds of higher 
order are formed fiom comxiounds of the fiist oialor 
wldch contain cojmjuou eleimmts, by the fact that 
many higher oxuhs in ther fioe btate are very un- 
stable, while their salts are quite stable, by the fact 
that several higher chlorides, for instance, lead 
tetrachloride, arc u ns tablt‘, while their double chlorides 
are stable, c.ff. PbCl^ and finally by the fact 

that the sqi»idiary valency dpjiends for its value on 
the nature of the elements or f^oujis that satisfy Iho 
princix>al valencies, c.y. cadmium biomide unites with 


it is unacted on 


six ipolccnles of pyridtine, 4while^ ibe'^aitrkfce 
tslkes tip two. The innmber of {8al;lsidisiry 
of commands of the first orderr is 
number 16, of course, cijly capable of being 
by considering all the compounds of hi^er pMbr ' 
oan be formed from the compound of the fiirsfi 
order under oonsideTation. It probably never ex-“ 
ceeds six ; in platinic chloride, cobaltic salts, in t^o ^ 
iron of ferricyanidcs, and in the iron of foxrooyanider 
it is two, three, tbuee, and four respectively. The 
total number of atoms united directly to the central ^ 
atom in comxiounds of higher order, whether they 
aro united by a principal valency or a subsidiary 
valency, is called the co-ordination number. Tho 
maximum co-ordination number in the majority of 
cases ib six ; but it varies with the nature of the central 
element'— in the coses of carbon and nitrogen it is 
four, ^ow consider tho compound diammineplfitinio 

chloride : it is unacted on 

aX -'NH. 

by boiling sulphuric acid ; silver nit rate doies not 
give a precipitate of silver chloride when added to 
its solution; its holution shows no electrical con- 
ductivity.^ These facts show that the chlorine is 
quite incapable of behaving os the chlorine in an 
ordinaiy chloride — it is not ionisablc. By taking 
up ammonia it can yield compourid-s containing one, 
two, and four more moleeulrs of ammonia. These 
new compoundb show electrical condiwjtivity ; at 
1,000 litres dilation the molecular conductivity is 
respectively 1)7, 228, 623; the chlorine becomes 
precipitutable by sllvi r nitrate, till in tho hexammine- 
nlntimc chloride all the chlorine is piecipitatable by 
Slver nitrate. Compounds* such as the tri-, teira-, 
and hexa-amraineplatinic chlorides are called Inter- 
position Compounds, because the entering ammonia 
molecules Luve displuced chlorine atoms in such a 
way that the ammonia molecules are now interi)osed 
betw^ecn the chloriiio atoms and^tlie platinum atouv 
and the chlorine, ab the ammonia has interposed, has 
become ionisablc. These relationships are indicated 
b> conbtitutional formulfo as follows ; 

KII,J Lj'iX 

T^uuimine plutiaic cLloiido. Clilurotnainiiune platinic chloiide. 

"in 

' mU!? 

ChloiutetiaiJiiuiuo platinic cliluiiilc, 

NIT, 

NJJ, 

Cl - I't ..-NH, Cl 

NJI3 01 
NII„ |01 

Ohloro|>enlattiiuine platinic chioitde. (This is yot unknown.) 

NIL 

. Nil, 

NHj 01 
NIJ3 01 

■ Nil, Ici 

Hoxommine xilatiuio chlniide. 

It is seen that in each compound there are ^ix 


coordinated atoms or groups: these groups are 
a-suxned to the spaoe around ilte platinum, 

atom, while the other atoms-— those outside the 
braokets-ore regarded as being in an outer sphere, 
but still acted on by the central platinum atonu It 
should be noticed that the maximum number of 
atoms that can occur in the outer sphere equals 
the maximum prhticii>al valency of the central atom* 
Also, it is the atoms of the outer sphere only that 
are ionisable. The platinum atom may be assumed 
to be at the centre of a regular octab^ron and the 
co-ordinated groups at the angular points : the 
atoms outside the brackets in the above formula 
are assumed to be in an outer sphere in a way not 
yet specified. If the spneial arrangement just 
described be true, cases of isomerism should occur. 
For instance : 

[Cl,l»t(NH,)JBr„ 

<Didbl<nt>tetramii)izi« lUnUbroi. . ^ ) 
should be isomeric with 

[Br,rt(NH,b]GL 

(Dihromototraiuiiime pistioiloritle) 

and this is found to be the case. Werner calls 
this ionisation isomerism. Many examples are known. 
Again, two compounds of the formula 



These have long Ixtcn known, and I. is the diamminc 
platinic chloride and II. t!:e semidiammine platinic 

a 



chloride. This kind of isomerism is called by Werner 
Space Isomerism. Many examples arc known. 

lu compounds of the first order an element does 
not always act with its maximum prmci{»il valency ; 
for instance, we have stannous chloride, HnCl^ and 
stannic chloride, SnOl^. Ho in compounds of higher 
order, a central atom does not always act with its 
maximum co-ordination number — ^that is, a scries of 
co-ordinatively unsaturated compounds should exist. ^ 
Several such series are known. These compounds 
also form interposition compouads ^ an example is ; 

[l>t<NH,)JCl, i 

TatvEunmlne ChlorotrUmmine DiohlonMliuaiui&e 

i>l»tocbiorid«. platochloridc. platoobl«rid«. 

2d0. 116. 0 I 

[PtcijE, I 

Toiasduu azttiuin<^ilatochloride. PotaMum tdutoohloridst, ^ 
107. 25?. : 


The numbers give the molecular conductivity at 
1,000 litres dilution. These compounds can 1^ 
represented graphically, as shown above, by abolishing 
the vertical axis ; also isomerism should occur in 
the case of the diohlorodiammineplato chloride, and 
this is the case. To give even a ^t of the scKHiIlod 
double salts" to which this theory has been 
applied, and applied with astonishing success, would 
far exceed the limits of this article; but a few 
examples are added : the complex colialt-ammonium 
salts, the corrcsix^nding chromium salts, the complex 
double salts of vanadium, molybdenum, tungsten, 
the cobaltlnitrltes, etc. Many salts cp'stallise with 
six molecules of water of crystallisation ; examples 
ore : 

C*iCl,r)I1..0 : A10L6H..0 : CoeLCH^O: 

Zu(N0,)j 6H30 :'CrCl,6H5,0 
These are regarded as follows, [Ca(OH,)JCI,— that 
is, the metal in the central clement and the six 
molecules of water are co-ordinated with it through 
the subsidiary valency of the oxygen. A remarkable 
consequence of this is that on Werner's view the ions 

in these salts w ill be ^Ca(OIL)|j3 AnotJiier 

interesting {loint is furnished by the blue hexa- 
hydrate of chromium chloride — this loses two 
molecules of water readily and forms the green 
tetrabydrato. Now, all the chlorine of the hexa- 
hydratc is precipitated by silver nitrate, while only 
one-third of the chlorine is precipita^ted in the ease 
of the tetrahydrate. Tliese results are easily expressed 
by formnlm : 


r_ on. 


Cl 

Cl 

Cl 



The theory offers a \cry natural account of the 
ammonium coni pounds. The co-ordination number 
for nitrogen is four, so we have — « 



which accounts, without any forcing, for the fact 
that ammonium salts behave like salts of the alkali 
metals, while the ixjntavalcnt nitrogen theory does 
not. The formation of the organic ammonium com- 
pounds is explained on the same plan as methyl* 
amine hydrioclidc: 



A large number of acids containing four oxygen 
atoms is known. As t^'pical of tliese may be men- 
tioned : 

[SiOJH,, [POJH„ [SOJH, [CIOJH. * 
All these are legarded as co-drdinafed compounds, 
and it will be noticed that the valency of the co- 
ordinated group diminishes in passing from Group 
JV. to Group VII, of the Periodic Hystem. Now, 
theie are oxides of Group VIJL of the l*6riidio 
System— RuO^ and OsO^^ — which ore richer in 
oxygen than any of the oxides from which the above 
acids are derived, and it is remarkable that these 
oxides no longer unite with water to Ibrm acids. 
Thus in the majority of oases (a few exceptions arc 
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known) four i$ the mazimnm co-ordination number 
for oxygen. In theae cases also interposition cotn^ 
ponnds can exist ; for example : 

0 0 Phosphoric O 0 Snlphnrio 

P Hg acid S H. acid 

O O J (Tribaaic) ; j^O ^ (Dibasic) ; 


O O PbosphorooB O O Suphuroos 

P H, acid S H acid 

O II (Dibasic); O H (Dibasic); 


^ V TT Hypophosphorous acid 

Q j£ (Monobasic). 

That sulphurous acid is dibasic is to be expluined 
on the supposition that sulphurous acid can react 
in tks tautomeric forms — 

r— — I — — , 

0 O I O O I 

S II and R D, 

O IT 1 O . 

i ^ 

Cases are known in which taut oiii^i ism does in fact 
occur. Tlie case of the lie;)tahydnitod sulphates 
(vitriols) is met by assuming that some molecules 
of water arc co-ordinated with the metallic element, 
while some arc co-ordinate<l with the acid residue ; 
thih case ih appaiently not yet worked out. Again, 
in salts like tUo alums, which contain a >ery laige 
amount of water of enst alligation, it is necessary to 
assume the existence of double water molecules, 
w hicti are co-nrdmatod like single atoms or molecules 
— Au assumption which Werner justideR by pointing 
to the known molecular association of water in the 
liquid state. The cuflcs of the vitriols and alums 
may be regarded therefore as eitlu*r insufficiently 
examined os >et or as arguments against Werner's 
theory: but in view of the enormous number of 
oominmnds which this theory has lendercd intel- 
ligible and capable of class! fi( at ion, the former 
appw^ars the moie probable nsMimption. 

WeBtlnghottBe Brake (A'ay.) See IIailways, 

Vet and Dry Bulb Hygrometer and 

MeteoroL) See Hygkombtubs. 

Wet End {Paper Manufae.) The term applied to 
the portion of the machino where the wet pulp is 
made into a sheet of i>apcr. 

Wet PreBB Machine. See Wood Pulp. 

Wet Paddling {Met,) See Pig BolLI^^G. 

W^t Steam {Eng.) Steam in which {jartial con- 
densation has occuired, or which has been mixed 
with water spray in the boiler. 

Vetting Board {Print.) A board placed between 
the rooms of paper in the process of welting down. 

Vetting Down {Print. ) Ordinary printing pa^rs 
are occasionally wetted down before printing. Tlie 
ream is quired and placed on the left of the wetting 
trough. A quire is then taken, and one end dipped 
^ the water and the whole drawn through. A dry 
quire is placed on top of the wet one, and so on 


alternately. Boards are placed between atud on top 
of the reams. Weights are put on top of the pDe, 
and the paper allowed to soak for scveial hours. Tho 
sheets are then turned, and afterwards placed 4n k 
screw press and fastened down. The object ol the 
process is to facilitate deposition of the ink evenly 
upon the paper. 

v.f. {Print.) The abbreviation generally used tor 
W'rong Fount (g.e.) 

Whale Oil. The two kinds of whale oil of com- 
merce are known as TOAiK Oil obtained from the 
liight Whale and oeitain other species, and Rpsnw 
Oil from the Bperm Whale* The latter is the most 
valuable lubricant for machinoiy known. See OilM 
and Lubbioakts. 

Wharfedale Machine (/Viaf.) Si^e iTPoaBAPHYi 

Whatman Papers. Handmade rag papers of the 
highest quality used for drawing purposes and 
ledgers, known specially by the watermark What- 
man,'* this being the name of tho celebrated paper- 
maker J. Whatman, who established a mill at 
Maidstone in 1760. 

Wheat (Poodt). The edible portion of a cereal 
grass, Trifieum mtlgare^ or eativvm (order, Qrami- 
neee,) Many subspecies are gi own, such as T. gpelta^ 
the Spelt ; X* polonictm, I\>hsh wheat. Wheat as 
grown in this country ormsists of a grain surrounded 
by four coats. The grain proper contains starch, 
protcid, fat, and salts. When ground the various 
coats are moie or less removed as bran. The best 
quality of flour consibts of the grain only. In tlio 
second-rate flours the bian is only partially separated, 
and the flour is therefore darker in coloui. It is, 
nevertheless, more nulntioua than the whiter flour, 
ns bian contains 15 per cent, of nitrogen and 8*5 per 
con*, of fat. Alum is 8i»metimcs mixed with flour 
to render it whiter ; an excess of 10 grs. iier 4 lb. loaf 
is regarded as adulteration. 

Wheatstone’s Bridge {Elect.) An arrangement 
in which two resistances whose ratio is known are 
employed for the compazibon of two other resistances, 
one of which is 
variable. Let B| 
and llg be two re- 
bibtanceb whose ratio 
is known, or liATio 
AitMS, li, a resistance 
v\ Inch can be varied, 

11^ an unknown re- 
sistance. These arc 
connected with each 
other and with a 
battery li, and gal- 
vanometer G, a.s <?howii. Tl, is now axl justed till no 
current flows through G; when this is the case, it 
can easily be shown that — 



1*1 

a, “ K, 


or It, = II* X 


IL 

K 


Thus if llg and the ratio 


h 


Im) known, II, is deter- 


mined. When this relation is satiRfied, the two 


conductors which contain the battciy and the 
galvanometer lespcctively are said to bo Ookjuoatb 
Gonductobs ; their relation is Mich tliat an electro- 


motive force in one of- them docs not atfo« t> any 
curreui which may be flowing in the other. Henoe 
any alteration in the B.M.F. of the battery has lo 
effect on the accuracy of the measurements made 


w'itli tlie bridge, llie most tvpical forms of brklge 
are the Blidb Wibb Bbidgb and the Post Officb 
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In the foimor, the ratio arma are formed bv a 
straight baio wire of Gciroari silver, or other saitable 
alloy, AB. This ifi mounted on a base board and 



-<*onnected with the resistances Bi and B4 by heavy 
copper or brass condiictoi s. The battery is connected 
as shown : one and of the a*ire from the galvano- 
meter O’ goes to the conductor connecting and 
the other end, 0, terminates in a sliding contact 
which can be moved along AB till a “balance” is 
obtained, until no current flovis through the 
galvanometer. The lengths AC and BC are read off 
on a scale and the ratio of their lengths gives the 
ratio ot the resistances of the poi lions AO and BC*, 
f.s. the ratio of Bi to 11 ^. As AB is commonly marie 
1 metro long, this foim of bridge is otten termed 
the Mbtbb Bbidoe ; it is in a modified form 
known as the B A. Bbidgsi (Biitish Association). 

la Uio Post Oific'o Box, the ratio aims are usually 
formed by two sets of resistance coils, each set 
containing 10, 100, and 1000 ohms, citlier of which 
can be included in the circuit by means of plugs. 
The arm K, is formed by a set of coils which can be 
used singly or in combination so as to give resist- 
ances inr'reasing by single ohms from 1 to 3 0,000 or 
more. The top of the box carries the plugs by w hich 
contacts are made, binding sciews for conneciung 
the^battery, etc., and keys by whu h the batteiy and 
galvanometer -mrcuils aie made and broken.*. The 
method of use Is haded iixion tlie same general piin- 
n^es as the for0goii|g. A Dial Bbidgi] is one in 
^hich the resistances arc varied by moving a ladial 
arm over a series ot metal starts connecterl with the 
coils, thus avoiding the use ot loose plugs. 

Wheel Baso (A%., etc) The dishmee between 
tl^ centres ot the foie ami hind wheels of a cycle, 
motor Crfir^ locomotive, etc. 

Wheel Cutting {Enq.') The process of forming 
the teeth of wheels by a lotating cutter of the 
piopet cioss-section. 

Wheel Moulding iFoundry'), Forming the mould 
for casting t/oolhed wheels Instead of using a 
complete pattern, a Segment of the wheel is employed 
ii^ many oases, in conjunction with a moulding 
machine (g %\) 

WheeVQne {Muk) A synonym for Boub^^oniti: 

) 

Wheel Swarf (Btig , etc ) 'J'be material removed 
from a grindstone and from the object being ground ; 
it forms the muddy deposit m the tiough under the 
stone and is sometlmos utilised in luctalluTgical 
operations^ 

Wheel Teeth {Ehiy,) Wheel teeth must be so 
>hR|iied that smooth sliding contact occurs in every 
position wiUiout variations in the velocity ratio of 
wheels ; and turtiier, the e^po must be such 
B&to give the necessaiy strength and easel of con- 
striilHionl In piaotice the carves adopted are nearly 
always portions ot cycloidal carves (ueo Kpicxolow 
Jknti IjTOocTt i-ojd;. 7Jio Pitch Circled of two 


toothed wheels are two Imaginary circles of sntth 
diameter that they wpuld roll together with the 
relative angular velocities the ivctnal tofothed ' 
wheels. The teeth He partly inside the circle and 
partly outside ; .the portion of a tooth within the 
pitch iciiclo is called the Booav tuid^tlie portion 
outside is called <the Pon^T, or Apdlkduw. The 
profile of the teeth is the path tracoil Out by a |)oint 
on an imaginary circle, tamed a DiBcttintKa CiltCLB, 
which rolls on the pitch circles so as to bo*^in contact 
with both, i.s. which touches liolh the. pitch circles 
at their point of contact. If the same desi^ribing 
ciicle be used tor any number of wheels they wiU all 
work with one another coirectly, Vhatevox tlieir 
diameters. The diameter of flie pitch circle must 
not, however, be less than half that of the smallest 
wheel in tiie set Tn this case the flaiiks (or profilcfS 
of the loots) of the sipallest wheel arc radial lines. 

Another form sometimes given to teoUi is the 
INVOLUIB, the curve generated by a point in a string 
which is being unwound from a cylindrical surface 
and kept tight throughout the operatlou. The Whole 
profile of an involute tooth is one continuous curve ; 
and wheels with such teeth possess the peculiar 
propel ty that the centres of two wheels geanng^ith 
one another may be brought nearer together or 
farther ajtait without affecting the uniformity of 
their action or theif velocity ratio. 

Wheel Window (Arohiteot») Bee Kosn Window. 

Whetstone. A pieoe of fine grained hatd stone, 
e q, slate, or on artificial stone of the same chameter, 
suitably fixed, used for sharpening cutlery and tools. 

Whiffle or Whipple Trees. I'he hoikontal bars 
by which liorses are yoked to a vehicle. 

Whim (^Mining) A piimitivo form of winding 
raai’liino, consi'^ting of a drum mounted on a vertical 
axis, workcil ]>> a horse, or even b> manual labour. 

Whin or Whinstone ( GroL) A term ofUm used 
locally by miners and qinrrymen foi any hard lock, 
eq. Basalt. The Whin Sill ih a gieat eruwfive 
sheet cutting across the C'urboniferons Rf*ckb of the 
Pennine^., and forming many striking physical 
feat m us, such as crags and waterfalls 

Whipping (7?/7Mf.) This toim signifies the same 
jiroress as OvLRCAPllNG ({^.t’.), except that the 
stitches aia longer. 

Whipple-Huxphy Girder {En,g ) A form of built- 
up glider having its bais arranged in tbc form of 
the letter N. 

Whip Threads (Tesetile Mpmufete) Threads in 
gau/c weaving which whix> or twist round adjacent 
tlneads. 

Whirlwind (l^rHeoroh) Circular air movements 
sot up hy the meeting oi two ai];^ourreuts diffeting 
m diiection. 

Whisky.v A spirit oiiginajly distilled from malted 
grain, containing about 50 ^ier cent of alcohol. 

White Arsenic iChem) Bee Absbvxc tlOM» 

POUNDS, 

— {M?ft ) Occurs occasionally nafiv® Iw an in- 
crustation on mineials containinj^arsenic. 

White Cast Iron (Cfteoi.) Bee InoiA 

Whitefriars MaohinetC T*rmt.\ A rqtary machine 
designed lor the printing of newspapers from single 
Sheet B or reels. It consists of four cylinders ''arranged 
round a orescent-shaped fzamo, the inking a^ralig^ 
mcjits being placed at each end. 


Vhlid Heat, llie tempemturo" at Which » body 
emits white light The **\\hiio heat” ot the smith 
is the t<^mp6raturo to which a large piece of uoii 
w heated befbre ^moval fiom the fiie it ia between 
X800’’end4G00‘’O* 

mite Ltod (CJum) S(e Lead Compounds 

White Lead Qre (Mift) A ^non^m for CiSBUb* 

nm ) 

White Lldht {Mys) Light in which aH the 
coloais of tho speettnm are present in their xiro^ier 
proportion. See BriscxnuM, 

White Line A line of (}n idrats forming 

(a) d blank spd^c m tEo text equal to one line, (ft) t' c 
loot Imc of a page 

White Metal. Another name foi B^Bomrb 
Mbpal Xg ♦’ ) ^^0 CopPEh and 1 in 

White Klokel ( Vm ) A synonym foi Oloanthtie 
(l? 

Whit^ Out (Typo^ ) To space cut Imea oi matter 
in Older to giro it a more open appeal ince 

White Pap er iPrmt) A technic il teim for all 
mipi intcd p 1} c 1 w 1 dl e or*t5olourcd 

White Precipitate ( CUm) Seo Meboub^ Com 

POl \])fe 

White Bpap. boap mmurncturocl by boiling fat 
with caustic 1 VO, liinoung the itupcrftot and uli 
fonncil soij> h\ iiuans ot common salt, rcboiling 
after tho removal of the waste 1^, and fin illy 
cooling Soim times an additional boiling is given, 
and the soip thus made may be used us the bise 
or stock of toilet ‘wijis ? ) Cuid soa] , actordinr^ 
to the Biitish Ihiimatopau, must br mide fi m 
soila uid a piiriliod animal f it nsisting prmclxiali) 
of hteinn iSdt ^OAP Mam i \cilbI’ 

White SouallB (V^t(orol ) Jhese aic fan weather 
sq^iiIJs, and 0( mr when (onbtiotis arc suitaldc toi 
spdfht tojij iti m hut Mifh iciit ruoistuie is wanting 
to fill u] the cciitial 

White Yitriol. A ti idc name lor sulphate of 
n\n ’SC6 /INC ( OAiroiMis 

(Min ) A s^nonjiii for Oosr Auiri {y ^ ) 

Whitewash (W/nW) (h ilk lime mixed with 
walti A little tiU>w lb added to x)ie\eut it bciiiei: 
lul bed oft when dr^ 

White Wood. Si( Woods. 

Whiting, rule white chalk which has been 
ground and waslu d 

Whitworth Thread (Pny ) Ste Scbfw luBLADb 

Whole Bound (^Pmd ) I uli Box ^D 

Whole Note (Mtum) Iht semibievc (y % ) 

Whole Plate (Photo) A plate moastlring h\ 

igohc rt 

Whorl (Botany) An aiiangement of the parts 
of a plant in which a nbrnbir spring fiom the same 
point, and arc arianged regularly round the bteni 

WIek. ISee Candles 

Wicket. A small dooi or gate used as a subsidiary 
entiai|C( in a Urg{| Q}m mug, and eomotimes foimiug 
part of a Jaigcr (Xoor 

Wlokete (Chtm Bnq ) Gratings of lec^l, ubed in 
*the roamiiuctflTc 4i£ WuiTE Lead Se(> Lead Com- 
FOVtlDS. 


Wide Gauge Tho'^B|fOAD 4 mm 

Wide Spacing (iy^g ) Bo lei,med when 
fwo thick apooes or more plaoed between 
tl:fe words, as la this definition* 

WiUtehnltd {iLeO "a sllkat^ofemo, hexAt^al, 
yellow to l^wn, Yound in Belgium and the United 
htateif. 

WUlow. AhrWooDi, 

Willowlng Machine ^Atper iMetnvfac.) The ap- 
paratuH ub&u for removing dust fiom esparto and 
other fibres. * 

Willow LUaUei The name given to 

tho \ I'll ble structure m the penumbra of sun-spots. 

Wimsbuest Machine (Blocft ) The best form of 
elccUic d lutluence nun hiue. IhC topical form con- 
sista ot two discs of glass, each cAii}ing a number 
of sectors of tin toil, and mounted so that they are 
lutated in opposite directions by turning a single 
handle. Each disc is touched by two uninsulated 
biubbcs, earned b} the “neutialising rods ” If any 
one hector leccive a chaige it induces cliaigeb of the 
opposite sign on btctors* which aio moving past it iii 
the opposite diiection; the result is the iiccumuU- 
tion of coutinually inoieashig chaigcs of positive 
and negatue ehctncity at op^msile edge^ of the 
discs, and the<«o charges aie collected by conductors 
suitaldj pliced for the puriKise l*arge machineE^ 
arc also made with four, six, or moie plates. 

Winch (Bng ) ITaulmg or hoisting mechanism, 
consisting of a banel lound which a rope or 'chain 
is wound, and cithei inovidod with a handle and 
thf necessary geanng tor liand dnving r connected 
with a Ktcau engine, clectno, oi other motoi for 

Ijowcr diiMiig 

Wind ( Miteoiol ) Air iiT motion ic> called wand. 
Xinqiinl heating gius rise to nil motion or an 
i nnciits, tl»( j>assage ot which give-, the x^henomenon 
of w ind 

Wind Direction (Vttio7ol) Tlu dnection from 
which the wiud blow*^ Jl is indicated by^means 
ot a \nne 

Windmg , itc) The snrisrc of a jicce of 
woik IS sad to b» ‘ in winding ' ux to “wind," 
if it idu dlv tvwsts 

(Eltot Lny) J he condm tois of a d>tiamo, 

coil, clectio-magnct, liausformor^ etc , vyhich cairy 
the olcctru cuiroiit 

('iext tit s) A convomeut m<thod,of tians- 

fdiiDg the > nil fiom hank (Op, oi bobbin, one 
thicad at a time, for a considc table length, on Ut 
a bobbin or tube, it lop winding, dium winding, 
Xui D w indiiig 

and Winding Bngine (Mini ng ) bi c MiNiNa, 

p 405 

Winding Sticks or Strips (Paip and Joint ct/A) 
Two x>ilccb ot wood with parillel edge* used by 
jdners to show whethci wood is winding The 
sUips are placed on edge on the wood to be tested, 
and tho o^e pkieed on^a level with than upper edges, 
when any want of ]mrallclism due to twisting ox 
wiiidiDg of tlic wood IS at once seen. 

WUiding^up Tackle iLaoe Mo, mfm ) Worfii end 
wheel geanng connected to th^ work rcMer, one 
of the factors deturminmg the quality of the lace ; 
analogous to €he “ taking oft' motion in the loom. 
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wind InstmineBti {Mwic), * See Musical Is* 

8TEUMISNTS, p, 431. 

WindUuMu A simple form of band winch without 
gearing* See Wxsou. 

WlndmilL A modern windmill consists of a set 
of radial vanes set at an angle capable of adjust- 
ment, and forming an almost complete disc, instead 
of having four or six vaii&, as in the old form, which 
is still a familiar object in many districts* Owing 
to the uncertain and intermittent action of the wind, 
fbis form of motor is now little used, except for 
pumping water for drainage of land, irrigation, or 
fillinig tanks for small water supplies, where an occa- 
sions interruption in the flow is of no importance. 

Window Board (Suild,) Tlie nosing board fixed 
to the sill inside a room.. 

Wind PreSBUre BnUd,, etc.) In large 

modern structures a wind pressure of 50 lb. per 
^ square foot is allowed for in calculating the strength 
of the members. It is verv unlikely that the actual 
pressure ever exceeds 40 To. The former limit was 
fixed by the Board of Trade after the Tay Bridge 
disaster in lS7d. 

(^Mctenrol.) The pressure or force exerted by 

the wind. Measured by the Tjrcssiire it exerts oa a 
flat surface placed perpendicular to its direction of 
motion. 

Wind Trunk {Mueie). The tube which conveys 
the w*ind from the bellows to the wind chest. 

Wind Velocity {Mi^ieorol.) The rate of movement 
of wind. Measured by an anemometer iq.t\) 

Wines. Light or natural wines contain froA* G 
^to 13 per cent, of alcohol ; strong or fortified wines, 
•such as pdrt and sherry, contain from 1 2 to 22 j»er 
cent. Besides^ alcohol, wines contain varhuis aro- 
matic ethersy whicti give the characteristic flavour 
or bouquQt, sugar, adds, and salts. 

Winged Globe (^Architect.) One of the symbolical 
ornaments used by the Egyptians; a globe with 
outstretched wings. A scarab (sacred l>eptle), vul- 
ture, or a representation of the goddess Isis is 
frequently used instead of the globe. 

Wing Nu^ etc.) A nut provided with 

‘•Vings ” or projections, by mean.s of which it may 
be turned by the thumb and fingers. 

Wing Valve iEng.) 4 valve provide<l with pro- 
jections to guide it into its proper position. 

Winniieg ( Mining), A miners’ term for th c process 
of obtaining coal from the seam. See Mining. 

Winley ( Tt sstile Manufac.) A fabric with a rough, 
hard handle, formerly used for dresses. 

Winter Solstice ^Aanm.) See Bolstioes. 

Wipe {Print.) A term used when the rollers leave 
an excess of ink on the edges of the forme. 

Wiped Joints {PUmh.) A method of joining lead 
pil>es. The upper end of the lower pipe is opened 
out about \ inch, and the lower end of the upper 
pipe is, raRt)ed so as to fit into the opened-out end. 
The ends of the pipes are then shaved so as to allow 
the solder to adhere to them. The pipes are next 
soiled above and below the soldering line with a 
mixture of lampblack and size, wid the upper pipe 
is fixed into the lower with a collar round the bottom 
of the . joint to catch the solder. The heated solder 


is then poured over the shaved ends of the pipes 
and worked into shape, the final process being the 
** wiping *’ of the joint with a hot moleskin cloth. 

Wiper {Weaving). Another term for an eocentrio 
or tappet. See Tafbbt anS Loom. 

Wire. Wire may be made of any metal posseBSing 
sufficient ductility to allow of drawing. Iron, stee^ 
capper, and brass wire are the most common in the 
arts; the precious metals are also made inlo wire 
for decorative and other special purposes. 

{TeatiUn), Used in velvet weaving to form 

the pile. Made of brass, flattened at the sides , and 
having a groove through its Entire length on the 
upper surface. It is placed in the shed under the 
pile warp, transversely, and la cut out as necessary 
by a sharp instrument called a truvat. The length 
of pile is regulated by the height and size of the 
wire. Wires for Terry {g.v.) weaving are quite round 
and made of steel. 

Wire Brush. A brush made either entirely or 
partly of wire. Wire brushes are u.sed for various 
purposes, e.g. by gilders for spreading gilt, for dealing 
coastings, etc. 

Wire Card. See Cabd Wise. 

Wire Cloth {Paper Manvfao.) An endless cloth 
made of very fine wire, upon which pulp is formed 
into a sheet of paper. 

Wire Drawing {Eng,^ etc.) (1) The production 
of wire by drawing a rod of metal through a hole in 
a steel plate of slightly smaller diameter than the 
rod ; the process is repeated with successively smaller 
holes until wire of the requisite fineness has been 
obtained. (2) The reduction of the pressure of steam 
when it is caused to flow through narrow passages. 

Wire Edge. The thin burr thrown up on the edge 
of a tool during grinding or shar])ening on a stone. 

Wire Gauge {En.g.) (1) A tool used for tesj^g 
the diameter of wire or the thickness of metal plate. 
(2) A set of standard diameters to which wire, etc., 
is made, each designated by a number. The 

Bibmingham WiBB Gauge (B.W.G.) is the one 
most commonly used, but others are also employed, 
e.g. the Amebican, er Brown and Sharpe, Gauge. 
The numbers and diameters in inches of some of the 
princii)al sizes are as follows : 


Number of 
Wire. 

Diameter on 

Wire 

Gauge. 

Diameter on 
Aiuerioou Wire 
Gauge, 

0 

■340 

•325 

1 

•3 

•289 

2 

•284 

•267 

4 

■a38 

•204 

6 

•203 


8 

•165 

•128 

10 

•134 

•102 

12 

•109 

•08 

14 

•083 

•064 

16 

•065 

•0608 

18 

•049 

•0408 

20 

•035 

•08196 

25 

•02 

•0179 

30 

•012 

•01 

33 


-0066 e 
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Wm Xterometep (AitratL) $ee liioBOiUKFXtB* - 

WiM Rope Rope formed bj twisting fine 

wires of iron or sted, a hempen core being usually 
employed. 

Wltob Easel The dried bark and leaves 

of BamamelU virginica (order, Smkamelidaeeai) are 
used in the pieparation of a valuable astringent drug. 

Witherite (Min,) Barium carbonate, BaCO,; 
rhombic ; in compound crystals ; while to grey. 
Used as a source of barium compounds ; also in sugar 
refining, porcelain and plate gloss manufacture, and 
as a ratbane. In manp localities in the Alston Moor 
District, in Central Europe, etc. 

Withes (Build,) The partitions between the flues 
in a chimney stack. 

Witness (Bind.) In the case of a book that is 
not to be ** cut down ” the edges are merely trimmed 
60 as to make them straight and true. Borne of 
the leaves still retain their rough edges, which are 
“ witness " of the proper treatment. . 

Wpad. A blue dye obtained from the pounded 
leaves of Imtis tinctoria (order, Crucifera). It is 
now replaced by indigo. See Dyes and Dyeing. 

Wood Yat. See Dyes and Dyeing. 

Wohltemperlrte Klavier, Das (Mune), The Well- 
Tempered Clavichord, the name given to “Tlie 48 
Preludes apd Fugues" by J. S. Bach, who wrote 
them to show that by tho new Equal Temperament 
tuning every key from C to B, both major and minor, 
was available. 

Wolfram (Chem.) See Tungsten. 

(^Min,) A tungstate of iron and manganese, 

the amounts of the two bases being variable. 
Monosymmctric, with a perfect cleavage ; commonly 
found massive. Found in Cornwall, Cumberland, 
an<^in many other localities in Europe and America. 
It if used in the hardening of steel, for the fire- 
proofing of textile fabrics (as sodium tungstate), as a 
mordant, and in hardening plaster of Paris. 

Wolf Famine (Min.) See Tungstic Ochre. 

Wolf Rayet Stars (Astron.) A peculiar class of 
stars which have bright lines in their spectra. 

Wolf, The (Music), A harsh, howling effect in 
certain intervals on keyed instruments tuned to the 
unequal temperament. This system was discarded in 
favour of the equid temperament ip England about 
1830 on the pianoforte, and about 25 years later on 
the organ. 

Wollastonite (Min.) Also termed Tabular Bfab. 
A motasilicate of lime, CaOSiOa. Monosymmetric, 
but usually found massive. Colour white to reddish 
brown, translucent. Occurs in granite and certain 
other rocks. 

Wood Block* A block of wood prepared for 
engraving. See Engbayino, jf. 202, and Woodcut. 

Wood CarYlng. See Cabying. 

Woodcut* An engraved wood block bearing a 
picture or design and made type high for use in 
a printing press. A print from such a block. 

Wood EnlppaTliij* See Engbaying. 

Wood Runiitaro ( Material used for dress- 

ing or imijosifie a forme. Of various thicknesses, 
aiM designatea narrow, broad, double narrow, and 
double broad. See Fubnitube. 


Wood LoUor (Tgpoe.) Daagb tyj^ cat ia 
for use in posters for aavertisiDg, etc* 

Wood Oil ^ Gubjubc BALflAB. % 

Wood Opal (Mm,) Wood of which the tissues 
have been replaced by silica in the hydrous fimmi 
Opal. 

Wood Pauilld (Civil Bug.) This consists of a 
foundation or ^‘formation" of concrete, carefully 
levelled; on this are laid the blocks, which are 
usually 9 in. lon^, 6 in. deep, and 3 in. wide* The 
blocks are laid with the fibres vertical, and the rows 
are at right angles to the main direction of the traffic- . 
The joints between tho blocks are filled with cement 
g^ut (thin, fluid cement) or with melted pitch ; or 
both may bo employed. Ttie usual materials are 
certain of the Australian hard woods, e.g, blue gum, 
red gum, Jarrah, etc. 

Wood Pulp. The use of wood pulp as a raw 
material suitable for the manufacture of paper 
dates from the year 1866. Attempts bad been made 
previously to introduce wood for the purpose, but 
^without material success. In 1801 Matthias Koops 
printed a book, the paper of which consisted almost 
entirely of wood pulp, though the method of manu- 
facture was vefy crude. The industry received an 
impetus from the efforts of Voelter, who obtained 
patents in 1860 for the preparation of MECHANICAL 
Wood; and in 18G6 by the introdnetion of methods 
for the preparation of Chemical W^ood Tulp by 
Tilghmann, notably by the sulj}hite process. The 
employment of wood pulp in the papermaking 
industry has since been followed by its application 
to purposes of a very different character, The 
processes for converting wood into pulp are of two 
kinds : (1) Mechanical, In which the wood is treated 
by purely mechanical agencies. (2) CbdmiQal, in 
which a pure form of cellulose is obtained by drastic 
chemical trej^tment. 

(1) Mechanical Wood Pulp. — The trees suitable 
for the manufacture of pulp, e.g, poplar, fir, and 
pine, are felled in the early part of the winter 
and cut into lengths of 12, 14, and 16 ft. The 
logs are then conveyed to the pulp mill, where they 
arc cut into lengths of 2 ft. by powerful circular saws, 
and the outer bark is removed by special machinery. 
The refuse is blown away and utilised as fuel, and 
the clean 2-ft. pieces of w'ood are then convortedT 
into pulp by means of grinders, i.e. large grindstones 
mounted on heavy shafts and fitted with appliances 
by means of which the blocks of wood are forced 
against the stones by hydraulic pressure. The blocks 
of wood are thus ground into fibrous material, and 
the product is mixed with large quantities of 
water and passed through screens — sliallow boxes, 
the bottoms of which consist of brass plates contain- 
ing very fine narrow slits. The finely screened pulp 
is then put through what is known as a ** wet press 
machine," in order to remove the excess of water 
and convert the pulp into a thick sheet. The sheets 
thus obtained are folded to a uniform size, subjected 
to heavy pressure, packed up in suitable covering, 
and despatched to tlie paper mill. 

(2) Chbmxoal Wood PuLp.^There are several 
processes in use for the manufacture of dietnioal 
pulp, e.g, the caustic soda method and tho bisulphite 
of lime process, the latter being in general nse. The 
following is a brief descuriptlon of the suli^ite pro- 
cess : The logs, having been barked andi out up mto 
2-ft. lengths, are chipped 'hp into small peces, 
about the size of a nork, by special xnaohinery, and 
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then transferred to the digesters — ^bnge steel vessels 
lined with bricks or cement, in which the wood is 
boiled under i^ressure with a solution of bisulphite of 
lime. This powerful reagent is prepared by allowing 
^ihe fumes of burning sulphur to act upon moist 
masses of limestone, which are kept wet by a stream 
of water under properly regulated conditions. The 
digesters employed are sometimes of enormous size, 
capable of taking no less than twenty tons of wood 
at one turn. After digestion for eight to nine hours 
under a pressure of 80 lb., the contents of the boiler 
are blown out into tanks and washed thoroughly 
to remove the spent liquor. The weight of x>ulp 
obtained is only 50 per cent, of the original wood, 
60 that a loss of 50 per cent, is sustained in the 
manufacture of the chemical wood, the by-products, 
1 laving little or no commercial value. The pulp after 
washing is screened and converted into thick shoots 
in the same manner as the mechanical pulp. The 
pulp is also obtained in the form of dry sheets by 
the use of a machine similar in construciion and 
principle to the ordinary paper machine. The pulp 
so prepared is then ready as a raw material for 
other industries. The sulphite pulp is blended with 
mechanical pulp in varying proportions for the pro- 
duction of cheap printings and ncw.spaper. A well 
cooked pnlx> gives a pure cellulose almost equal to 
that derived from rags. The marked deterioration 
in the quality of ordinary paper, and the lack of 
durability, may be traced in a very large measure to 
ilio presence of mechanical wood pulp. The dura- 
bility of any paper is in direct proportion to the 
percentage of absolutely pure cellulose, tliis material 
being easily isolated from the best quality of rags, 
since the amount of chemical treatment nocessajy is 
reduced to a minimum. In the case of Mechanical 
wood pulp the whole of the resinous and non-fibrous 
constituents of the wood are present, and these 
constituents are liable to chemical changes, probably 
due to moisture and other atmospheric conditions. 
In the case of Sulphite wood pulp the purity of the 
cellulose is mainly a question of careful manipulation. 
One ton of Ordinary Nbwsi’Aper consists of 
Mechanical wood pulp and Sulphite wood pulp in 
the proportion of 76 and 25 per cent, respec- 
tively, together -with a certain proportion of mineral 
matter. The quantity of wood ijulp required for this 
amount of paper is iJeSO lb. of Mt'cbanical pulp and 
660 lb. of Sulphite approximately, nearly one cord of 
wood being required to produce the former and about 
half a cord to produce the latter. A cord of wood ” 
consists of logs 4 ft. long, packed together so as to 
form a pile 8 ft. by 4 ft., giving a total capacity of 
128 cubic ft. This is the usually accepted unit of 
measurement for pulp wood logs. It is calculated that 
for logs having an average diameter of 12 in., about 
fifty-four pieces, each 4 ft, long, will make one and a 
half cords, which is the quantity necessary for a ton of 
cheap newspaper. The number of trees required tr* 
produce this amount of wood will, of course, vary. 
Assuming that the trees are about 80 ft. high to the 
crown, then five of these trees will be necessary to 
produce sufficient pulp for the production of the 
paper. 

Wood pulp is now employed as the basis of many 
highly interesting commercial products, which at first 
sight would appear to have little or nothing in 
common with wood. If treated with nitric acid 
under special conditions, njitrates of cellulose are 
formed which, when dissolved in a mixture of ether 
and alcohol, give Collodion Solution {see Cellu- 
lose and Collodion), a welbknown substance used 


in photography. Varying the conditions of nitration, 
as, for example, by prolonged treatment with nitric 
acid, other nitrated compounds are produced, and 
these find employment as Gun Cotton (g'.n.), which 
is used in blasting. If gun cotton is incorpomtod 
with camphor by suitable mechanical means, a plastic 
body is produced known as Celluloid (g'.r.), a 
material capable of being moulded into a great 
variety of shapes, and coloured manj^ shades. A 
similar product to celluloid is the well known 
Xylonite {q.v.) Tlien, again, by careful preparation of 
certain nitrates of the cellulose, and by modifying the 
conditions of their production, Smokeless Powders 
are obtained, such as Cordite, Bollistite, etc. By 
mixing the nitrocellulose with nitrobenzene or 
camphor in definite proportions, otlier well known 
explosives, such as E.C. and S.S. Spouting Powders, 
are obtained. By treating wood cellulose with 
strong caustic soda, and submitting the product to 
the action of bisulphide of carbon, a soluble product 
is formed, which is extremely viscous. This viscous 
Bohitioii has the property of setting ** to a hard 
mass, and is capable of being manipulated into 
articles closely resembling ebony and vulcasKite. 
The commercial applications of Viscose are numerous. 
The soluble solutions can be converted into insoluble 
bodies, and ilicn emploj’ed for the manufacture of 
explosives. One of the most interesting applications 
of Wood l^ulp is the manufacture of AiifiPIClAL SiLK 
{see Cellulose). This substance is obtained by 
producing cellulose nitrates under special, conditions 
and dissolving the nitrates in suitable mixtures of 
other and alcohol. The viscose solution obtained is 
forced through extremely fine orifices into water, 
with the result that the solution produces an in- 
soluble compound in the form of a thread. A 
number of threads arc suitably twisted together and 
wound into the form of a hank. The resulting yam 
i.s treated chemically in order tri remove the combined 
nitric acid, which if l(?ft in would give a highly 
explosive com^wund, and the substance event|iiiS.lly 
obtained is a pure cellulo.se, capable of being dyed 
most brilliant colours, and endowed with a very high 
lustre.— R. W. S. 

Woods* ClastnfioatiGn . — A complete classification 
of woods cjan only be made on botanical principles. 
Ttie Voniferte include the great majority of those 
known as Hoft Woods, which are used in general 
carpentry and joinery, and the practice has arisen of 
denominating most other timbers as Hard Woods 
for t^dde purposes. The subjoined table gives the 
genus and species of various trees, followed by the 
name of the order (in brackets). 

J^t^paration of Timber for ilic Market . — This 
includes (1) Felling, (2) Squaring, (8) Bba.soning, 
and (4) Conversion. When the tree has been felled 
it should be roughly squared, that the mr may come 
into contact with the wood, when the seasoning or 
drying princess at once commences. In manv cases 
the log is further cut in order * 

to accelerate the process. 1 1 is 
then freely exposed to the air, 
but protected from damp and 
direct sun for a period which 
may vary from three months 
to two or three years, accord- 
ing to the kind of wood, the 
uses to which it is to be put, 
etc. Artificial Seasoning 
is effected by drying with 
hot air, sometimes preceded 1. 
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by Aoaking in water. Oonvkssion is tbe sawing of 
the timber into Ibe hi/.es required for tlje market ; this 
should be followed, if by further seasoning. 

Dffetrts of Tmher,—\MLXKm 
are cracks or fUiws in tho 
wood, which may liavo oc- 
curred during . growtli or 
which may be duo to itnequul 
shrinkage. Cup Suakbb aie 
clefts following the annual 
rings (flg. 1 ). IJ DA iiT Sii AK lb 
consist of clefts which cross 
the pith and widen out as 
they approach it ^ig. 2). 

Btab bHAKLS (fig. 3; widen 
tov^anls tho baik. f'HiVD (Ialls are defects pro- 
duced by growth of fresh layeiH over an injury 
sustained by the outside of the tree during growth. 
Local decay produces defects known as FoxiNi sh. 
West Rot is pioduccd by decay during growth, and 


is due to tbe attack of fungi. Dby Rot, to which 
timber is liable after seasoning, is also due to fungi ; 
but the name is misleading, inasmuch as it only 
occurs in the presence of moisture and the absence A 
free circulation of air. ^ , 

PteicrviUion , — Tho first essential to successful pre- 
servation IS good seasoning; 
but vaiious artificial means 
are also veiy valuable. Such 
are Cbeosoting and KyAnis- 
ING (j.V.) OABBOKJBiKa or 
cbariing the surface is valu> 
able for preserving parts of 
. tiiiib(^r, such as posts, buried 
I in the ground. Impregua- 
I tiun with zinc cbloiide 
I (BirBNE:TT’B rnocBSH, ^.r.) 
and with copper sulphate 
are other methods, but they are inferior to cre- 
uboting. 




Comnitiu 

Nainon. 


Luoalitien. 

Characteristics. 

Uae^. 

Acacia 

Jiohinia 

— 

*Scr TiOCUST. 



( Locust ; 

Acacia 

pseudacaeia 

Uuci'tjphiamoorri 

Australia . 

Fairly hard ; grows to a large 

Cariiage work. 

Alder . . . 

( Itoiavnf ) 
Uhi/s qliitiiiom 

Europe j 

size 

Soft, light, smooth giain ; light 
brownish tint ; durable in 

1 Piles, sluices, and other sub- 


{Ih iulaccat) 

America 

merged work ; barrels. 

• 

a 

water 

clog soles ; also used for 
making charcoal for gun- 
powder. 

Inlaying and small decora- 

1 

1 

PttroraTini9 

E. Judies . 

IJaiu, well marked, very orna- 

wood 

(^LA'yHminosa') 


mental, and capalfie of a high 

tivo work. 

Angelique 

Dirorynia 

Brazil . . . 

X)oliBh ; colour orange to 
brown ; scented 

Hard, durable in sca-water . . 

Shipbuilding work. 

AiOMt . . . 

{Lf ffUmbio8(f) 
Pifnot ouiIhs 

(^Ifosarter) 

Frayttim 

— 

Hard, heavy, brittle 

Turnery. 

Ash. . . . 1 

1 

Europe . . 

Tough, flexible, fairly hard, close* 

Many purposes where flexi- 

cxi eUior 

giain. I>isimctl> marked giiiin. 

billty and toughness are 

Ash, 

( Ol( aeca'') 

FraFmm 

Amciica . . 

light colour. 

Closer, and of lighter colour, than 

esbcntial — e.g. hoops, 
handles for hammers 
and oilier tools, shafts 
of vehicles, wheels ; 
cabinet making. 

Used for much tlic same 

American 

americana 


the common Ash. 

pur^iose as the common 

Ash, 

j Pyrm auritjiaria 

Europe, 

White to reddish white .... 

Ash. 

Occasionally used in tui- 

ICountain 

1 (liosaoca) 

Asia 


nery. 

(Rowan) 

Aspen . , . 

Pojmhts tremvla . 

Europe . 

Light and soft ; nearly white or 

Turnery and miscellaneous 

Aspen, 

{SaluHnea?) 

Pojmlm 

N. America. 

slightly tinted with brown 
Resembles the European Aspen 

small work. 

Turnerj ; wood-pulp. 

American 

Basswood 

trenivloidci 
Tilta amerivftna 

N. America . 

Idght, soft, but fairly tough and 

Turnery and miscellaneous. 

Beech . . . 

(^Tiliaceie) 

Fagvd BylvatiA'a . 

Europe . . 

close-grained ; white to light 
brown in colour 

Heavy, hard, very strong and 

N.B.— The name is some- 
times applied erroneously 
to American White Wood, 
or Lxrtodendron, tulijpi'- 
fera (tf.r.) 

Turned work, planes, tool 

• 

( Cujmhferep) 

» 1 

tough ; colour varies from 
white to almost red. 

handles, wooden screws 
and nuts, wheel cogs, 
printers^ wood work. On 
the C*ontinent for fuel 
and charcoal. 
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Comiuoa 

Botonica] Kama. 

Biieh . . . 

BeMa alba 

(B^tu/oMo) 

Bltekweod . 

Aeaeia 

luelanowylcH 

(Leffutninota') 

Blackwood, 

Balberffia 

IndifUL 

(^Legvminoiot') 

Box . . . 

Bvxns 

Mempiirfdrens 

(^Sh/phorbiaee4je) 

Briar-wood 

Erica arhorea 

(Brnydre) 

{Ericaceie') 

Buttomut 

Juglaoi einerea 

(White 

{Jyglandacca;) 

Walnut) 

Canary, 

Liriodendron . . 

Amorioaa 

(American 
white wood) 


Canary-wood 

Morinda 

eitrifolia 

(Jlubiaoea:) 

Cedar (true) . 

Cedrus libani . . 
(^Coniforaf) 

Cedar, 

Cedrus dcodara 

Beodar 

( Cmiiferee) 

Cedar, 

Cedrela ioona 

Konlmein 

(^McHaceai) 

Cedar, Bed . 

Junipenis 

virginiana 

(^Cttprestinvw) 

Cedar, 

W. Indian 

Cedrela odorata . 

iMeliaceai) 

(Cuban Cedar) 

Cherry . . 

Prunus cerasuB 
(Bosacea) 

Chestnut . . 

Castanea vulgaris 
iCupidi/era) 

Chittagong- 


s wood 


Cyproti . . 

Oujsressus 

Beal . . . 

(Vupressineee) 
Pinus .... 

Beodar . . 

Cedrus deodara 


f {Cm/eree) f 


LooalitSfli. 

CbmotoriitlM. 

Europe , . 

Fine gn^n, fiiirly strong ; colour 
yellowish white to brown 

Australia 

Hard, even, line grain .... 

India . . . 

Hard, tough, cross-grained ; takes 
a good polish 

Europe, Asia, 
K. Africa 

Very close grain: hard; colour 
light yellow 

S. Europe . 

Small tree; heavy, brown mottled 
wood 

N. America. 

Soft, but not attacked by insects 

— 

See Whitbwood. 

E. Indies, 
Australia 

Yellow, handsome markings, and 
capable of a fine |)olish 

Asia . • . 

N. India . . 

I^ge timber, sometimes over 4 ft . 
iu diameter. Red-brown, loose, 
porous, and somewhat stringy 
grain ; soft, not tough ; scented 

A very largo coniferous tree; 
very common in N. India. 
Yellow to light brown; even 
grain ; very durable 

E. Indies, 
Australia 

N. America . 

Colour resembles mahogany ; 
very finely marked, straight 
open grain 

Resembles cedar 

W, Indies . 

Europe, Asia 

Europe, 

America 

Not as largo as the Cedar of 
Lebanon ; wood much re- 
sembles the latter ; often finely 
marked 

Yellow to light brown; hard; 
close grain 

Yellow to brown, fairly bard, 
durable 

S. Europe, 
Asia 

Various ornamental woods from 
India— Moulmein Cedar 
(a.v.) 

Red colour; fragrant; very 
durable 

See I^NB. 

See Cedab, DjbodaB. 


FafoitttTt} and turneiy. The 
are used in making 
hoc^, orates, eto., in 
tanning, and Sot burning 
in smoking provisions. 
l*he bark $s also been 
pat to many nseil. 

Ornamental Work ; also for 
casks, turnery, and mis* 
cellaneoos purposes. 

Sleepers, and varioca local 
uses; imported for cabi- 
net making. 

The chief wood in wood 
engraving, turnery, etc. 

Tobacco pipes. From the 
French name Bmyhre 
is derived the common 
name Briar *' as applied 
to pipes. 

Sleepers and miscellaneoua 
uses, in America 


Turnery, cabinet work. 


Internal work. Well known 
as ** Cedar of Lebanon '' 
in ancient times; now 
little used. 

^most all purposes in 
India, from bridge build- 
ing and railway sleepers 
to delicately carved de- 
corative work. An oil 
obtained from it is used 
as a preservative and 
antiseptic. 

Furniture, decorativ'c work, 
veneering. 

Cabinet work, veneering. 


The ordinary Cedar used 
in England for internal 
parts of cabinet work, 
etc. 

Ornamental work, turning. 

Occasionally in cabinet 
work; not used in car- 
pentry and joinery ; piles 
and fencing. 

Decorative work. 


Used chiedy by the 
ancients. 

c 






woo 


,woo 


855 


Gotiivwn 

NamM* 

Botanical Name. 

Loflalities. 

Cluvnieteriatice. 

IbaglM Fir . 

Pwudatmga 

N.W, 

A i^ry large tree; yellow to 

(Oregon Unc) 

dmgleMt 

{Con^era) 

America 

reddish; very bard, dense, 
strong; straight grain 

Wmj, 

# • 

2Ho»pira$ ebenum 
i^JEJbenaoea) 

India . . . 

Large tieo, very dense; heart- 
wood very bl^k 

BUler . . . 

8amhuou* nigra 
( Caprifoliaeefp) 

Enrope, etc. 

Stem hollow, with a large amount 
of pith 

Xlm, 

American 

Vlmn$ amerUsana 
( Ulmacete) 

N. America . 

Tough and heavy wood .... 

Urn, English 

Vlmvt campestrU 

Europe . . 

Brown to red ; hard, heavy ; 
difficult to work on account 
of the twisted grain; very 
durable 

Elm, Wyeh . 

Ulmut montana . 

N. Europe . 

Sifter and straighter in grain 
than common elm 

Fir. . . . 



A term applied to many timbers 
(tbtained from the Cuni/cra, 
See Labcu, I’intb, Spbuge. 

FE^ BUver 

(Swiss Pine) 

A hies pectinata 
(jOrnifertt) 

B. Europe . 

Yellowish ; very soft and easy to 
work 

a 

Oreenhart . 

• 

Nectandra rodoti 
{Lauraocce) 

W. Indies , 

Green to black ; heavy (Sp. (rr. 

1 08 to 1*2), tough ; very 
straight grain; durable 

Onm, Black . 

Syssa multi flora 
( (hrnace€p') 

N. America . 

Yellow to brown ; tough, cross- 
grained 

Onm, Bine . 

KwalgpUu 

Australia . 

Brtwn to red, cross-grained. 

Oum, Bed 

Mligna 
EuedlgptuK 
{various fpeci’f‘s) 

1 

Australia 

heavy, durable 

Red, har^ very durable . . . 

Qnm, Sweet 

1{.IU*d Gum, 
Katin 
Walnut) 

1 

1 LUjuidavihar 
. Htyracijlva 

j {Jlfimamelacea) 

United 

States 

See Satin Walxut. 

Onm, 

1 EHcalyptuK 

Tasmania, 

Resembles U>e Blue Gum, but 

Tasmanian 

' globulus 

etc. 

somewhat easier to work i 

Hawthorn 

1 Crat<rgMt 

1 oxyaemtho 

(ItOM^e€B) 

Europe, 

Asia 

Small size; hard, heavy, light- 
coloured 

Hasel . . . 

(*itrylu9 aViUana 

1 {Cupulifertr) 

Europe . . 

Small ; soft, very flexible . , . 

Hiokory . . 

Iliooria 

(Juylandacca^ 

N. America , 

1 

Heavy, hard, very tough and 
elastic 

HoUy . . . 

Ilex aguifoliuni 
(^Ilieittete) 

Europe, 

W. Asia 

Nearly white; very line smuoih 
grain 

Embeam . 

Carpinus hetnlut 
( Corylaeew) 

Europe . . 

Light colour ; hard, strong . . 

Horse- 

Europe, 

Light colour; soft, not very 

ehestnnt 

htppooaxtanvm 

(^Saptuducea') 

Asia, 

N. America 

durable. 

Ironweod. . 

*1 

* • 



A name loosely applied to a 
variety of woods i e.g, various 
species of Acacia in Australia, 
and to certain membois of the 
order Myrtaxem 

Xronwoed, 

BUek 

Olea laurifoha . 

B. Africa 

i 

Large tree ; very hard, durable. 


Umb. 


Span, niae>ts; in AmteHoa 
for building and aagi<» 
neering work; nae in* 
creating in England. 

Ornamental work, taming, 
inlaying. 

Little usod, exo^t to a 
small extent in taming* 

Hi^oellaneons nsea in 
America. 

Piles, and other work em- 
bedded in the ground; 
pulley blocks, wheel 
hubs, shipbuilding. 

OLairs, shafts of yehidea. 


Toy making and miacella* 
ncouB uses in Switzer- 
land ; iiarts of musical 
instiuments (e.0. bellies 
of violins, etc.). 

Shipbuilding, piles, wooden 
bridges. 

Miscollaneous local uses. 

Sleepers, posts, building 
work in Australia. 

Paving and miscellaneons 
uses in Australia. Often 
confused with Jabbah 
(2 '>•) 


Vses similar to Blue Gum. 
Turnciv. 


Hoops, walking-sticks. 

Carriage building, hoops, 
and various work which 
has to withstand bend- 
ing. In Australia the 
name is applied to 
other woods, various 
species of Acacia. 

Ornamental work, and for 
engraving. 

Tool handles and misoolla- 
noous uses. 

Miscellaneous ; little used 
in carpentry and joinery. 


Waggon building. 
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Common 

^ ilDCS 


Botanical Name 


OharacteriaticB 


XroiLWOodi> 

White 

Ironwood, 

White 


Jumper . 


Laneewood 


Kehogany 


loddaha Natal 

lanccota^a 

Stdtroxylon E Coast of 

inermc Atiica 

(^Sapotai etc) 1 

Extealypf^ts Auetralia 

mmginata (b W ) 

(^Myrtai ece) \ 


Jtinipirm Europt, 

otmmnnut N Asm, and 
(Cup^esstJua) N Amenta 

JjU( dlyvius Australia 

anemcoloi OW) 

(d/y? tauif) 

Agailn^ australii New I 

{Jii aueanneec) Zealand | 


Li^nm-Tite 


Lime 

C Linden) 

Locust 


Palo yellow colour , durablo, 
tough 

Hal d, heavy, and durablo , yellow 
to lod-brown 


Mulberry 

Myrtle 

(Spurious) 


Largo tree, colour lesembles 
m ihogany, often lid\ mg a 
curled and haiidbome gi un 
X)olibhcs well, and vei> duiablc 
under almost nn> c mdition- 
The most impoitant oi AubUa 
liau woodb 

‘"in ill tree light colour, soft 


Guattena 111 gain n Amcina 
(A^iionat I ec) 

I Laf IV (nt opata Luiopt , 

I (^‘ibietinc(t)\ N Asia 


Gitaiacum I N\ Indies 

ofh( tnah 
i^/ygophyllaiCci) 


I iha vat ^penes Luioin, 
{Tdiacta) 

Ilyntotuea . \\ Indies 

Jiobiuia Lnitcd 

psfydacat la j States 

{Leguf/imosu) Luxoi e 


Suieiima \\ Indien, 

maTiaffom Cetitial I 
(^Mcltacur ) Amc i lea i 


Acer {Acertneai) Europe, 

Noith Abia 


Laigetioe, licuy, tougb, haul, 
duiahlc, though inieiioi lu this 
iesx>eLl to Jaiiah 
I A rt siiiou**, li^ht - colouicd 
I stiai,rht tamed wootl, aciv 
duiable and woikiiig well J lu 
c I jtf timbii of New ZLalaiil, 
wht I e it IS often teimed Kauri 
J INI. 

sti light gi allied tougb, and 
i cla'*ti( ' 


A large tree whin full) grown, 
louse gi allied, soft wood. 
I'm able 


Daik oolomel, lerj hta’w, baid 
and (loss piamtd, ixceedingh 
duiable 


Morus alba Euzope,A*-ia 

{Moiaeete) 


bile to 3 1 How, soft and dost 
grained j 

Blown, haid, eien gram 

\eiy he IN'!, tough, haid wood 
A familmr oniamentul tite oi i 
small si/t, in Ln ’’1 aid , attain * 
mg a height oi 70 or feO it in 
Aineri( a 

I Hard, close gram gi am straight 
I but oJt( n showing a w ivy oi 
curly liguic , ehar'ieteiistie 
1 oddish bi >wn colour Veij 
durable, iieo fiom shakes and 
not h d h to waipmg C in be 
obtained m veiy 1 ige logs, in 
some cases ovei 4 It squ ue 

Light blown or reddish, often 
showing a c uilcd or mottled 
hguro, wlame the name 
“Ludh L^e Maple 

Yellow to mahogany-rod, bard, 
close gramed 

The name is applied in Anstiaha 
to a number of woods oi small 
impoitanoi , none oi these are 
true my 1 tics. 


Building woik in Natal, 
Bhipbuildmg apd miscclla- 


Wood paving, shipbuilding, 
gr neial building and 
enj^mecring woik { the 
w ell-uiaik^ t arletiesaie 
iisad to some extent for 
f ni n it in e and cabinet 
making 

Misci llaneous , not impor- 
tant 

Pa\ mg shixibuilding, and 
othii usis similiu to 
j those of Jan vh 

Masts, ■shipbuilding, bigTil- 


I Shafts of 1 chicles, fishing 
rods, and ligbf' woik lo- 
(XUnmg llcxibilit\ 

Poles ind I id dors, fencing, 
mint liiiibiiing, piles, 
tosoin extent in g€ lit lal 
(aiiientrj andjoinen 
]SIis( ell ineous sm ill w ork, 
tinntii ct( , wide haul 
I IK ss and tucdoui fiupi 
s|Iittijg ntuhi roii{>h 
ustige aie ie<iiuied 
I I iineiy, euvin^, piano 
I making 

, Shipbml ling furniture, 
unset 11 nil ous 

> heuemg, turner}, cabimt 
I woik OJtiii termed 
Acaei 1 


Funiitui e cabinet making, 
leneeis, turner}, high- 
elass lilt t rnal j omei y 
and httmgb 


liimcry, veneers, various 
cabinet and ornamental 
work 

Vent ( ring and ornamental 
woik 
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Botanical Name. ■ 

Local! tiee. 

ikk -. . . 

Quercue 

Northern 


{^Oit^uliferce) 

Hemisphere 

• 



Olive . . . 

OUa Siroptea 

( Oleacetii) 

S. Europe . 

Fadouk . . 

Pterorarpus 

( Lepumimm') 

S.E. Asia . 

Peaeh . . . 

Awygdalus 

perSfica 

{llonaccte) 

— 

P^ch-wood . 

Cceialpina 

S. America . 

Pear . . . 

Pyrvi conmiwiis 
(Jtosneetf^ 

Europe, Asia 

Pine . . . 

Pinuit {Coni f era') 

Northern 

• 

‘ 

Hemisphere 

Pine, Kauri . 



Pine, 

« Long-leaf 

• 

Pinu9 palusins . 

N. America . 

Pine, 

Korthern 

Pinus fylvestHs > 

N. Europe 
and N, Asia. 
Tlic Baltic 
regions arc 
the chief 

source 

Pine, Oregon 

PseudoUuga . . 

N.W. 

America 

Pine, Pitch . 
Pint, Bed . 



Pinus reeiima 

N. America . 

Pine, Swiss . 

Abies pectinata . 

Central 

Europe 

Pine, White . 

Pimts strobus . . 

N. America . 

^ane, * 

Platanus 

Asia and 

Eastern 

oHentalis 
' (J^latameeeB) 

E. Europe 


ChAracteriBtlc9. 


Uses. 


The most important of all hard 
woods. Colour light greyish 
yellow to dark brown. Hard ; 
very strong grain, often show- 
ing a handsome figure, that 
obtained by cutting a log in a 
Radial direction being termed 
the “ Silver Grain.** Very 
durable; capable of taking a 
high polish 


Heavy work requiring fs;teat 
strength and duraoility : 
pilesi Bhipbailding.bQild'- 
ing work, especially such 
parts as are exposed to 
the weather, fumitnro, 
and a great variety of 
other uses. 


Very close-grained, yellowish, 
somewhat resembling Box 


Turnery and sm^ articles. 


Hard, heavy, dark red, somewhat 
like mahogany; not attacked 
by insects 


Furniture and miscel- 
laneous uses in India 
and Burma. 


Widely distributed; little 
used as timber. 


toall tree ; hard heavy wood 


Somoe of a dye. 


Even grain, fairly^ hard ; colour 
light brown ; durable 

The general name Pine is given 
to a great number of woods 
obtained from trees of the 
order Cmiiferw ; to certain of 
theso the names Heal and Fir 
ate applied. The w^ood is 
resinou^ usually fairly soft, 
atraigbl?grained, and easy to 
work 

See Kaum. 

The l^TCH 1‘INE of commerce. 
One of the harder varieties of 
pine ; very res inous ; strongly 
marked grain, often showing a 
very fine figure ; durable 

Scotch Fiic, Kkd or Yellow 
Deal; includes much of the 
Fib of commerce. Yellow to 
slightly reddish ; straight- 
grained, and obtainable in 
long logs. Somewhat vari- 
able, according to locality and 
conditions of growth 

Tho Douglas Pine or Fib. 

* Very similar in character 
to Larch ; straight-grained ; 
yellow to reddish, usually 
darker than Northern Pine; 
can be obtained in very long 
logs 

See Pins, Long-leaf. 

Canadian Bed Pine. Hard, 
tough, reddish ; contains much 
resin, and is very durable 

Light, soft; very little resin; 
easily worked 

Also known as Yellow Pine. 
Boft, straight-gained ; does 
not contain resin 

Yellow to brown; fine close 
grain, but not durable 


Turnery, T-squares and set- 
squares, occasionally for 
cabinet work. 

Building work, and a great 
variety of miscellaneous 
carpentry and joinery. 


Building, furniture, spars, 
shipbuilding. 


Building, spars, etc. ; a vast 
amount of general car- 
pentry and joinery. It 
is the most important 
wood used in this 
country. 


Masts and spars, general 
building work in 
America, and now coming 
rapidly into use in 
England. 


Spars, building. 


Piano soundboards, violin 
bellies, miscellaneous 
purposes. 

Bnildiogandimsoellaneous 
uses, especially in 
America. 

Miscellaneous uses ; not 
very important in Eng- 
land. 
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Common 

NiunM. 

Botanical Name* 

LocalHloa. 

Chaiaoterietlos. 

VtH. 

Pluie, 

Weittrn 

Plaianus 

oeHdewtaiU 

N. Ameiioa . 

Resembles the above, but coarser 
and more cross-gpraiiied 

FaniituTe, veneers, and 
misoellaneous uses* 

Plum . . . 

JPrunnt dtmestie^a 

Europe, 

Yellow to brown, hard, not 

Turnery, cabinet work* 

jfvjfiMX . . 

(iZoeooMe) 

Asia, etc. 

durable 

# 

Populut 

(Salieinea) 

Europe, Asia 

Soft, light colour, not liable to 
split 

Turnery, papeiapnlm char* 
ooaL 

IMwood . . 



A name applied to various woods 
— s.p. a mriety of Eucalyptus 
in Australia, and to Northern 
Pine (^.e.) 

e 

Bedwood, 

CulilbruMi 

Seguoia . . . 

West of 

K* America | 

j 

Orange to red ; soft, not strong, 
but withstands the action of 
soil ; easily split. Known in 
England as Seqtioia 

Building and general pur- 
poses in California ; used 
in England for f umitnre. 

pMcwood 



A variety of woods of dark colour 
are known by this name. None 
of them belong to the Rose 
family. 


XOMWOOd, 

Braiilian 

Pdlberffia 

(Leguminosa') 

America 

Dark brown to red, open-grained, 
heavy 

Cabinet making, turnery, 
and ornamental worff. 

BudiUwood . 

Santaluni 

(^SaniaXacea*) 

S. Asia . . 

Yellow, fragrant, hard wood 

Ornamental work, and as 
a source of sandalwood 
oil. 

Bati&Wal&ut 

lAquida/mhar 

ityracijlua 

(^Haviamelacea) 

East of 

U.S.A. 

Reddish brown, soft, close grain ; 
easy to work, polishes well, but 
very liable to shrinkage and 
warping 

Much used for the cheaper 
varieties of polished 
c^ibinet work ^d fumi- 
lure. 

Satinwood . 

\ Chhrorylon 

{^MeUaeetB) 

B. India . . 

Orange yellow, finely marked, 
polishes well, faii’ly durable 

Ornamental work. 

Beqaoia . . 

— 

— i 

Se^ Redwood. 

— 

Spniee . . 

Pioea emcelsa 

(^Ctmiferai) 

N. of Europe, 
Asia, and 
America 

White Deal, Spetjce Fib, 
White Fie. White to yel- 
lowish, soft, straight grain; 
easy to work, but apt to warp 

Poles and s^nrs, flooring, 
general carpentry; also 
as a source of wood-pulp, 
charcoal, and resin. 

Byeamora. . 

Acer 

jftendo^platanut \ 
(Ac^rinefp) 

Europe and 
W. Asia 

Very white, soft, easily worked, 
polishes well ; durable if not 
exposed to damp 

Turnery, carved woik* 
cabinet work, viffiin 
making, . and miscella- 
neous uses. 

Teak . . . 

Teetona gmndU 
( Verbenace^B) 

S. Asia , . 

1 

Brownish red, hard, tough, often 
finely marked, very fragrant. 
It is somewhat difficult to 
work on account of particles 
of mineral matter ; extremely 
durable, probably more so than 
any other timber 

Siiipbnilding, heavy tim- 
ber work. 

Tulip Tree . 

— 


See Whitbwood. 

— 

Tulip-wood . 

Harpullia 

pendula 

{SajnHdaeeftf} 

Australia . 

Black and yellow markings ; 
tough and strong 
(The name Tulip- wood is also 
applied to two or three other 
ornamental woods of less import- 
ance) 

Ornamental cabinet work. 

<1^ 

Walnut . . 

Walnut, 

Satin 

Juglans regia 
{^JuglanXaeem) 

Europe, Asia 

Light to very dark brown, often 
finely marked ; strong, hard, 
durable ; polishes well 

See SATIN Walnut. 

Cabinet making, furniture, 
veneers, turnery, gun- 
stocks. 

White Beal . 

— 

— 

Sec Spruce* 


y^hitewood . 

TArlodendrm 

Udipifera 

(.Magnoliaeeof) 

N. America . 

n 

White, slightly tinged with 
yellow; very soft and easily 
worked ; fmrly durable, but 
liable to shrinkage ; takes 
stains and polishes well. Can 
be obtained in laige logs and 
wide boards, very free from 
knots ^ 

Building work, cabinet 
making, carriage build- 
ing, and general joineiy. 
;^pidly becoming a very 
importantftWood in thi^ 
country. 






woo m woo 


ComnuMi 

Niudsb, 

Botanioal Nsiee. 

lomii 

Clianotcriitics. 

tlMS. 

WUlBW . . 

t 

• ♦ 

Salijs 

(variim ijgee'm) 

Europe, 

N. America 

White, soft, smooth grain ; very 
little tendency to split or 
splinter ; withstands the action 
eff water well 

Floats of wster-^hceis; 
etc. $ brake blocks,rsmall 
carving, and toys, er&ls^ 
bats; wood-pulp, char- 
coal. Thin sho^ 
nsed extensively flor 
basket wcrk,bardle8;’etc* 

Yew . . . 

Taxttf haeeata 

(Taxinc^e) 

Europe, Asia, 
N. Africa 

Reddish, very bard, tough, 
flexible 

Cliairs,' turnery, walking* 
sticks, etc. Formerly 
used for archers* bows. 


Wood Sorow. A screw (q.v.) of conical form, 
having a V-tbread of coarse pitch bet small thickness, 
and a point hy which it is enabled to penetrate 
wood. Usually made of steel or brass. 

Wood Bloopers (Civil Eng.) In Europe sleepers 
are usually of Baltic pine, soaked in creosote. Hard 
wojds are, however, preferable where they can be 
oht^ned cheaply, and in America certain varieties 
or cak have been largely used. See Bailways. 

Wood Spirit (Chem.) A mixture of methyl 
alcohol, acetone, allyl alcohol, and a number of 
other substances present in smaller quantities. It 
is largely used in the preparation of methylated 
spirit, which contains 10 per cent. The method of 
obtaining it is given under methyl alcohol (^.r.) 
See aUo Tab. 

Wood Tin ( Min .) St^e Cassitekitb. 

Wood Tnming. Wood is still in the majority of 
cases turned by means of hand tools, though the lathe 
itself is usually driven by power in large shops. For 
s'lft wood, gouges and chisels with acuta cutting 
edges are the principal tools used ; for hard woods, 
tapis with more obtuse edges, resembling those used 
in*biass turning, are employed. In special cases a 
slide rest may be nsed, and in certain kinds of 
repetition work automatic lathes arc of great value. 
See alto Lathe and Tueking Tools. 

Woodwardite (Min.) A hydrous sulphate of 
copper and alumina, found in Cornwall. It occurs 
as a brilliant turquoise blue incrustation with a rippled 
surface. 

Wood Wind (Mueio). A term applied to the group 
comprising the flutes, oboes, clarionets, and bassoons 
in the orchestra. 

Woodwooldng Moohinea. A great variety of 
machines are employed for woodworking on a largo 
scale. Tlaning Machines are of two classes. In 
the larger class, cutting tools are mounted upon a 
revolving block (.\DZfi Block) or disc, which is 
caused to rotate at a high speed while the wood 
travels past the cutter. In the other form the cutter 
resembles a plane iron, and is fixed in position, while 
the wood is moved iiast it in a manner analogous to 
the planing machines used for metal, Mouloing 
llAOBlNEB have a revolving bead, or cutter block, 
carrying suitably shaped cutters. Other machines 
include various forms of Lathe, machines for 
Mobtisxng, Boeing, Dovetailing, S andpapebing, 
and various special purposes. Many forms of saw are 
used, of which the principal types are given on 

y. m * 

Woof ( Weai^ing). See Wept. 


Wool, WoolloBf and Wonted Manufacture. The 

manufacture of woollen cloth is one of the oldest of 
the national industries. Historical evidence shows 
that the carding and spinning of wool and the weaving 
of woollen yarns was practised hy the Homans, and 
it is probable that these arts were fostered at Win* 
Chester and other places in the south. The iudustry 
received a stimulus during the persecution of UiO 
Huguenots and the importation of the Flemish 
weavers into this country in the sixteentli century. 
Htill, up to the end of tbo eighteenth century the 
manufacture of all classes of fabrics was chiefly a 
manual process. The transformation from this period 
to that in which machinery was gradually invented 
and applied to almost every branch of textile produc- 
tion occurred between the last decade of the eight- 
eenth century and tbo first three decades of the nine- 
teenth. Like many other industries, the manufacture 
of woollen and worsted fabrics has been greatly in- 
l|iienccd by mechanical inventions. The more 
important of these have been originated and per- 
fected by British manufacturers and machinists. 
The Carding machine, Spinning frame, Vower loom, 
and the meclianism for finishing and pressing the 
cloth after weaving, have all been English or Scotch 
inventions. Since 1B75 Germany, France, Belgium, 
and America liave made ra|>id progress in the con- 
struction and building of textile machines. In the 
woollen and worsted industry, however, the ma- 
chineiy of English makers is still in high repute 
on the Continent, and is almost solely used in the 
mills of the United Kingdom. In other words, 
whilst machinery constructed in this country is ex- 
ported to the woollen and worsted centres on the 
Continent, that of German and French firms, with 
the exception of milling roacliiuery and one or two 
types of iinishing machines, has failed to obtain a 
place in British factories, and even these have 
only been used to a small extent. Woollens anh 
Worsteds; The trade in fabrics made of wool is 
divisible into two sections, termed woollen and 
worsted respectively. To the uninitiated the differ- 
ence is not obvious, especially when it is considered 
that the same variety of wool, and the sarae^iuality, 
may be used in both manufactures, but with totally 
different results. TTio early distinction was that a 
longer staple of wool was required in making nwreted 
yarns ; but the invention of Koble*s combing machine, 
'and tlm many improvements added to its construc- 
tion, have removed the cause for this dift^rentlation, 
and it is how feasible to deal with wool of a com- 
t)aratively short staple on the worsted, as well 
as on the woollen system of yarn manufacture. 
The grading of the material into woollen and 
worsted is due to the routine of yarn manafaktuire 
practised. Briefly defineil, the blending, carding, 
and spinning maohinery for treating wool in making 
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a WooLLEX Yaew results in all kinds of fibres— 
curl;, shoit, and of various lengths— entering into 
the spun thread. ‘Moreover, these fibres, which in 
curding undergo a certain m^sure of combing or 
straightening between the wire teeth of the card 
clothing on the cylinders, are recrossed and blended 
without any attempt at parallelisation. As regards 
WouSTED Yakn, on whatever system it may be 
made, and even though carding may form one of the 
processes, the chief object is to bring the fibres as 
far as possible into a line with each other by combing, 
etc. Another clement whic;h accentuates the differ- 
ence between the two threads is that in the combing 
process a quantity of the short, iieppy fibre is ex- 
tracted, so tliat only the straighter and longer fibre 
passes into the top, and subsequently into the roving 
and the yarn. A comparison of the condition of the 
materials of these two typical threads, when carded 
and combed, shows that the ficece of fibres in both 
instances possesses uniform density and adhesive- 
ness ; but in all other points it differs. In the 
carded state the fibres are crossed in every conceiv- 
able way, but in the covihed state they are straight 
and parallel. The top (combed wool) when opened 
out is found to be very free from curly and neppy 
clusters of small fibres, and subsequent processes 
further level and straighten the ribbon of fibres, 
which attain a degree of parallelism that w'ould appear 
impossible by mechanical routine when the matted, 
felted, natural state of the wool is considered. 
It is, therefore, the Yarn 8thuctubh which forms 
the distinction between woollen and worsted fabrics. 
The processes of weaving and finishing through which 
each yarn passes do not necessarily bring about any 
differentiation between the fabrics produced. Tliit 
is to say, if the wool were treated on the woollen and 
worsted principle.^, and made into yarns of similar 
counts or diameters, and each made into the same 
build or stru(;ture of fabric and submitted to similar 
finishing routine, yet the woven textures would in 
chaiac’ter be very distinct from each other. The 
Woollen Cloth would be denser, warmer in the 
wear, and apparent!)” the closer structure. This 
arises from, not basing removed any of the short 
fibre from the stajde of the wool. On the other 
hand, the Worsted would be smarter, brighter, and 
have a better appearance. There are more points of 
resistance to the fiiction of wear on the surface of a 
woollen than on a worsted cloth, and this is one of the 
chief reasons why the worsted has a greater tendency 
to become shiny or bright wherever it is subjected 
to friction. These general characteristics apply to 
all kinds of vroolleu and worsted cloths for whatever 
purpose manufactured. Woollen cloths are made in 
all weights from 7 or 8 oz. up to 32, 34, and even 36 oz. 
per yard (54 and 56 in. wide) for the heavier types 
of overcoatings. There is not the same diversity of 
weight in worsteds. Fashion has removed the great 
lines of demarcation between fabrics for men's and 
women's wear. Only a few years ago the dress trade 
was distinctly an alpaca or mohair manufacture. 
Such fabrics are still produced, but are pow largely 
substituted by woollen and worsted co.stunic cloths 
of Cheviot, Saxony, crossbread, and Botany yarns. ‘ 

Routine of Manufacture for Woollens^ This can 
only be very briefly summarised. The wool, in the 
first place, is sorted or classified as to quality. It is 
naturally in a greasy condition, the ordinary English 
crossbred wool averaging 25 to 35 per cent, of greasy 
matter ; but the fine merino wools, such as 8axony, 
AuBtxaliaD, and New Zealand, as much as 60 per cent. 


and more. This is removed by soouring in large 
tanks or bowls, usually three or four in number, after 
which the wool is passed through a machine known 
as the teazer, which separates the matted locks of 
fibres and prepares it for carding. Should the 
material be for coloured yarns, after scouring the 
wool is dyed, in which case teasing both d^entangles 
the locks of wool and blends the oolouijF toother, 
producing a mixture. It is now carded. CaIdinq 
consists of passing the wool between fine wire teeth 
on a series of large cylinders. Over these are a 
number of smaller rollers similarly covered, the 
function of which is, first, to impede the forward 
progress of the wool, and, scd&nd, in conjunction 
Avitli each other and the quickly revolving cylinder, 
to fully open out the staple, ultimately separating 
fibre from fibre. At the same lime, re-blending or 
rc-crossing of the filaments continues. The work is,, 
therefore, twofold in character: first, to dislocate 
the natural positions of tho fibres in relation to each 
other ; and, second, to re-cross, mix, and work them 
into a fleece of continuous length and similar density 
throughout. Attached to the last cylinder of the 
carder is what is termed a condenser, which remo#3 
the fleece from the cylinder, and then divides it into 
narrow strips which may bo robbed or rolled into 
thick, soft thread.s. Spinning : These are taken to 
the spinning frame, known as the Mule Jenn)”, and 
spun into yarn. The process consists in intermit- 
tently delivering lengths of the condensed thread or 
sliver from largo bobbins by passing tljem* between 
a pair of rollers and attaching them to spindles fixed 
in a carriage or frame travelling alternately to and 
from the fixed rcdlers. Lengths of sliver are, first, 
delivered whilst the carriage makes a portion of tho 
outward traverse, the same lime 

revolving. The rollers cease to turn, but tho carriage 
continues its movement, mid the speed of tho 
spindles is increased. During this period drafting 
or attenuation of tho thread is effected as twist is 
inserted. The enrriag^ having reached the termiffa- 
tiv>n of its traverse, the spindles continue to revolve 
for the final twisting. As the carriage reverses its 
traverse, the threads are held in a suitable position 
to be wound in a conical form on the spindle, 
W'^EAViNG is the next operation, and is the same in 
principle in both woollen and worsted fabrics. Tho 
yarns are first waipetl or ananged after a prescribed 
pattern and length, and wound on tf) the loom roll 
or beam. Before weaving can be accomplished tho 
threads are drawn through small metal eyes of the 
heald shafts or heddles. These shafts rise and fall 
when the loom is in operation, each lifting or de- 
pressing a seric.s of threads in the warp, making a 
division termed the “slied." The shuttle carrying 
the weft passes between the lifted and depressed 
yarns. For each pick or thread of weft conveyed by 
the shuttle the bealds change positions. The weaving 
of a piece of cloth is the repetition of a certain 
series of changes, according to tho numbex^ of 
picks in each round of the weave or design. The 
yams which form the length of the cloth are, 
therefore, complete at the beginning of weaving; 
but the weft is added thread by thread, forming a 
woven piece. The routine after weaving consists of 
scouring, milling, or felting, and in some instances 
raising — that is, covering the cloth with fibre, 
catting, removing the surface fibre, and {xreSBing. 

Routine of Worsted Tam Manyfaciure*^Th& worsted 
iudustry consists of two distlm t sections : (a) The 
manufacture of the yarn and (5) the mauufactuze 
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and finiahing of tbe fa>)rio. In this respect it differs 
from the woollen industry, which is usually carried on 
throughout the whole range of manufacturing in one 
factory. This department^ division has, in a measure, 
contributed to the success of this important branch 
of the all wool industry. A section of the trade has 
thus been confined to producing economically every 
variety of#yarn, and another section to the manu- 
faotuw oP the woven texture. Consider first the 
Proditotion op the Yarn. There are three distinct 
methods : (a) By the processes of carding, combing, 
gibing, drawing, roving, and spinning, resulting in 
the line Botany and also crossbred yarns used in the 
manufacture of worsted coatings, suitings, trouserings, 
and costume fabrics, (ft) For long wools, preparing 
by gilliug and following with a similar series of 
operations, (c) The first routine, with the exception 
or combing. This produces a yam which has some 
of the qualities of a worsted and some of a woollen 
thread, and is suitable for Scotch and Kidder carpets. 
Combing is the process by which the carded or gilled 
wool is straightened, and the fibres laid in one 
oommon line. This is done by forcibly drawing the 
wool between fine teeth, and delivering it in a con- 
tinuous ribbon of fibres, known as toj/. Tart of the 
work also consists in extracting short, curly fibjc, 
which is termed the “noil,” so that the top is free 
from mu(ih of that neppy filament which is seen in 
the carded wool. The machines on which the work 
is done are known as the Noble, the Bquare Motion, 
and the^lp Combs. Whilst very different in con- 
struction and working, the results acquired are 
similar. Gilling is performed in the gill boxes, 
which possess two pairs of rollers, front and bad, 
revolving at <liffcTcnt speeds. Between these are 
placed the fallers, iron bars studded with fine vertical 
teeth, and wdiich travel from the front to the back 
rollers at a higher speed than the feed rollers, but 
slower than the delivery rollers. Beaching the end 
of the forward traverse, they drop on to a lower 
f^vw, and are conveyed back to the front rollers, 
and reidaocd on the upper screw. The wool passing 
between the first pair of rollers is drawn between the 
teeth of the fallers by tVie delivery rollers. In other 
words, there is a drafting or drawing out of the wool 
at two points by the fallers from the front rollers, 
and by the delivery rollers from the fallers. The 
fibres of wool are tiiercby further straightened and 
parallelised. Drawing : In the first drawing boxes 
a similar process continues as in gilling, sevciul 
ribbons of wool being drawn out to the thickness of 
one. In the finishing drawdng boxes the fallers and 
gill pins are nf)t used, but several thick ribbons of 
fil>ros arc combined and attenuated to the thickness 
of one, and further reducerl in size at each box, and 
wound on to smaller bobbins each time, until the 
roving box is reached, where the. material begins 
to assume the form of a thread, which by twist 
can be converted into a fine weavable yarn. 
Spinning: This is different from the operation 
pAformed on the mule spinning frame used in making 
woollen yarn. It is on what is knowm as the “ con- 
tinuous ” system ; that is to say, the thread is Con- 
tinuously delivered and spun, not intermittently. 
The rovings pass between two pairs of rollers revolving 
at various speeds, where furtlier drafting takes place, 
and are spun into yarn on three systems. First, the 
Flyer, which is similar in principle to the distaff or 
single spinning wheel, only the spindle and flyer are 
in a vertical instead of a horizontal position and 
duplicated a large number of times. Second, on the 
Cap Frame, where the bobbin is covered with a metal 


cap and the thread rapidly revolves round the layrer 
rim of the same as it is spun and wound on tO' 
the bobbin. Third, on the King Frame, in whidh n 
small ring or “ traveller ” is placed on ametal irimand 
guides the thread during spinning on to the bobbin. 
Weaving : The industry is divided Into the 
spinning and weaving of (a) Long wools, such as 
tiiose grown in Leicestershire and Lincolnshire!, 
suitable for dress and mantle fabrics ; (ft) Crossbred, 
a coarse stapled wool, such as that grown in many 
parts of Great Britain and Ireland, and also largely 
imported from the Colonies and made into serges 
and dress fabrics ; ( 0 ) fine wools of the Botany type, 
principally from Australia, the Cape, and Boutb 
America, and which are u.sed in the medium and 
finest qualities of worsted fabrics. Worsted fabrics 
comprise a very wide range of woven productions. 
Broadly speaking, they may t>e classified under two 
heads, namely, Bieoe Dye and Fancies. As the 
term suggests, the former are dyed in the piece, and 
are usually coatings, suitings, and costume cloths, 
Fancies are top or yarn dyed ; that is to say, the pieces 
arc made of yarns iu which the material has either 
been dyed after combing or after it has been spun 
into the yarn, the first being the most usual practice. 
Fancies, in addition to the fabrics named under 
piece dyes, ‘also include many varieties of dress and 
blouse materials, vestings, trouserings, and covert 
coatings, all of which are capable of many sub- 
divi.sions. A feature about toorHed fabrics, <is dis^ 
tmguish d from the tcoollen, is the diverf^ity of u eave 
desiy 71 obtamablc. It follows that they are richer in 
technical weave effects, and also clearer in colour 
than the })attems produced in woollen yarns. Many 
Rcotch tweed manufacturers, whose trade was 
formerly confined to suiting cloths, or what may 
be more correctly defined “men’s*’ fabrics, now run 
iu the same mill many varieties of textures for 
costumes, vestings, suitings, etc. The worst.ed trade 
is more de]>artmental, one cause being that a much 
lighter construction of loom, and one capable of a 
higher speed is employed, being better adapted for 
the weaving of worsted dress and costume fabrics 
than the loom used in the sailing and trousering 
Imde. The chief centres of the differ<'nt branches 
of the industry are : For the Fine Worsted Trade : 
Huddersfield, Leeds, Bradford, Halifax, and the west 
of England, though some wor'sted manufacturing is 
also done iu the border towns of Scotland and iu the 
.south of Ireland. The Tweed industry is chiefly 
lowded in the south of Scotland and Wales ; a medium 
quality of tweed is also maile in the West Biding of 
Yorkshire. Fine Saxony Cloths are produced in the 
west of England and the West Biding of Yorkshire ; 
Flannels in Yorkshire and Wales ; Blankets and 
Bugs in the Dewsbury and Sowerby Bridge districts; 
and the low woollen industry fonaeady made clothing 
is carried on in the West Biding at Batley, Dews- 
bury, Morlcy, etc. It should, however, be observed 
that these divisions are not always strictly adhered 
to, as there are some mills engaged upon fancy 
woollens, fine worsteds, and serges in each of these 
centres.— »B. B. 

' Woollen Blanket* Sec Blanket. 

Wool Scarlet. See Dyes and Dyeing. 

Woolwioh and Reading Beds ( (feol,') The middle 
division of the Lower London Tertiaries. See STRATA, 
Table of (in Appendix). 

WoFoeBter {Pottery), The Worcester porcelain 
works were established in 1751, by Dr. Wall, of 
Worcester. In 1783 the business was purchased 
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Mr. Flight, ftnd sabseqnently passed through the 
foUowing periods: 1763. Flight & Barr; 1807, Barr, 
Flight & Barr ; 1813, Flight, Barr Sc Barr. In 1840 
the manufactory was united with that of Messrs. 
Chamberlaii3, a rival factory in Worcester. The 
manufactory is carried on by the present Boyal 
roi'celain Company, and it is tbe only Porcelain 
Works ill England with an unbroken record of 
more than 150 years. Worcester has been noted for 
producing a greater variety of designs, etc., than any 
other porcelain manufactory, commencing with simple 
blue and wiiite wares, up to services and vases 
decorated, x>Ainted, and gilt in the most costly 
manner, combined with judgment and taste. 

Work (^MecTiJ) If a force be so applied as to over- 
copie a resistance and produce motion, it is said to 
do Work. The measure of the work done is the 
product of the force into the displacement which it 
effects. If a force of one Dyne act through a distance 
of one centimetre, the amount of work done is termed 
one Ebg. If a force of one poundal act through 
one foot, the work done is one Foot Poundal. If 
a force equal to the weight of one pound act through 
a distance of one foot, the work done is one Foot 
Pound, The latter is the English engineer’s unit of 
work. 

Working {Mining), A general term used cither 
for a mine as a ivhole or for some part thereof, e.g. 
a level, diift, stope, etc. 

Working Cylinder ) The cylinder of a gas 
engine, etc,, in which the actual explosion occurs, as 
distinguished from a separate cylinder used for the 
purpo.^e of compressing the charge. 

Working Drawing. A drawing showing fha 
details and dimensions necessary for w'orkmen en- 
gaged in the construction of the object in question. 

Working Face {Mming), The surface w'hich is 
actually being excavated. 

Working Fat (Plant.) A term used by plasterers 
to indicate that the [)laster works smoothly (with less 
labour). 

Working Load (Png.t etc,) The lead to which a 
machine or structure is subjected in ordinary use. 

Worm A coarsely cut screw, usually 

engaging with a Worm Wheel (y.r.) 

Worm Wheel (JSug.) A form of gear wheel whose 
teeth are cut in such a form tliat Iht^y engage 
smoothly with a worm or coarse Uircadcd screw. 
The latter has in general its axis at right angles to 
the wheel, which it drives. 

Worsted Manufacture. See Wool. 

Wraithe (TextilfB). A coarse reed or comb (which 
will expimd or contract), used in the beaming or 
warping processes. 

Wrapping Papers. These are prepared from 
chemical wood pulp, jute, or manilla. 

Wrench HEng., etc.) A Spanner (y.r.), usually 
having ndjustable jaws. 

Writing or Printing Telegraph. See Tele- 
graphy. 

Wrong Fount Letters of a different 

‘‘face," though of the same body. See p, 566, 
Explanations. 

Wrong Bait {Lace Memtfao.) When a carriage 
becomes diverted from its true course and is forc^ 


into an adjoining groove or comb that is already 
occupied. 

Wrought Iron (Met,) See InoK, 

Wulfenite (Min^) Molybdate of lead, FbMO^. 
Tetragonal ; yellow to brown. Bootland and Centim 
Europe. 

Wyyem, Wivem (ffer.) An imaginaiir beast, a. 
' species of dragon but having only two lege and feet 
or claws. It has also two wings, and a tail like 
a serpent nowed ” and “ barbed.” 

X Rays. Rontgen Hays : eee HADlAYlON.y. 692. 

jr. The symbol used in mathflunatics for an un- 
known quantity, a variable, an ordinate, etc. 

HN-CO 

XMithine 00 C.SH 

1 II \CH 
HN -O.N^ 

Ordinarily forms a crystalline powder. It can be 
obtained in very' small rhombic plates by addition 
of acetic acid to a hot dilute alkaline solution. 
sublimes without melting, but with decomposition. 
Very slightly soluble in water (about 1 in 14,000)> 
more soluble on boiling, insoluble in alcohol. As a 
weak base it fortus salts with strong acids, and the 
salts are hydrolysed by water. As a weak acid it 
dissolves more readily in alkalis (ammonia, caustic 
potash) than it does in water, forming salts with 
tliem. Its lead salt yields theobromine (y.^.) with 
mclhjl iodide. Xanthine is precipitated from its 
solutions both by phosphotungstic and phospho- 
molybdic acids ; it ik also precipitated by mercuric 
chloride solution. It forms a salt ivith silver nit rate, 
CsH^N/l^AgNOa, when a solution of its nitrate is 
precipitated with silver nitrate. When dissolved by 
warming in fresh chlorine water, evaporated to 
dryness, and the residue exposed to ammonia gas 
under a bell jai*, it gives a rose to purple red colour^ 
which cbangi s to blue violet on adding caustic sodh 
(WeideVs test) ; dissolved in hot nitric acid and 
evaporated it gives a yellow residue (whence the 
name Xanthine), which is turned to orange by caustic 
soda. Xanthine occurs in normal urine in traces 
(Kriiger and Baloinou obtained 13 grams from 
10, QUO litres of human urine) ; in larger amount in 
certain diseases. It is formed by thcsclf-cligesti</n of 
several 01 gans ot the body — liver, thymus, suprarenal ; 
also by the self-digestion of yeast. It is also found 
in several foods (tea, malt), in lupin seeds and 
pumpkin scc<ls. It is obtained from guanine by the 
action of nitrous acid. It has been synthesised as 
follows : 2:6: 8-trichlorpurine (nee Pueikes) is 
heated with excess of sodium ethoxido at lOCP, when 
2 : 6-diethoxy-8-chlori>urine is obtained. This com- 
pound may be hydrolysed by boiling with hydrochloric 
acid, and the product reduced with hydriodio acid, 
or it may be reduced with hydriodic acid : 


N » C . G1 

e 

1 1 

Cl.O C.NH 


11 li oi 

CgH^ONa 

3ST«C.0C^5 

HN - CO 
(Jl <i.NH 

i i.NH 




The Xanthine bases are the same as Purine bases 
(eee PUBiNEB). 



XuilMMiei {Chmt.) {Dibenxo^ioiiee.) Zanthoae 


CH 00 CH 


itsell, L I I i iB a white crystai- 
OH 0 ^ CH 

line Bolid (aeedles) ; melts at 174®; boils at 260®; 
insolubk in»wter; sparingly soluble in alcohol; 
more soluble in benzene ; dissolves in concentrated 
Sttlpharic acid, showing a blue flnorescence. Fused 
with caustic potash at 200® it yields ortliodioxy* 
benzophenone, (X)(C,H^OH) 2 . It does not yield a 
hydrazone or oxime, treating it with magnesium 
phenylbromide and hydrolysing the product it yields 
a pseudo- base which yields coloured salts : 

HSO, 

c,h/?\c,h, 

y( 

/ \ C.Hj 

t’.Hj OH 

rbeado-bttM. Coloured Sulphate 

(Quadrirulent oxygen). 

On reduction with zinc dust zanthone yields 
n OH 


zanthhy<lrol, 


■a» 


which is also a 


pscudo-biuie and yields coloured salts with acids, 
ClI 


CCD 


Hydrochloride, (Quadriralent oxygen.) ! 


O.Cl 

Xantbone is obtained by distilling phenylatecylate 
(Salol) : 

/on /OOC\ 

2C,H,( C„H / >CeH, -> 

\C00CeH, \000/ 

/ 0 \ 

.CO/ 

It is also obtained by heating salicylic aend with 
acetic anhydride, the reaction being quite similar to 
the above, salicylide being formed first. Euxantiionc 
is 1 : 7-dioxyxanthone — a yellow solid crystallising in 
needles and melting and subliming at 237®. It occurs 
in the pigment Indian yellow which is the 

magnesium salt of euxanthic acid. Euxantbio acid 
is a compound of euxunthone and glycuronic acid. 
The^igment is obtained as a deposit by heating the 
urine of cows which have been fed on mango leaves 
(fiengal). To obtain cuxauthone from the pigment 
it is exhausted with water, then with dilute hydro- 
obloric acid, and the residue extracted with ammoninm 
carbonate. Frotn the ammonium salt hydrochloric 
acid precipitates euxanthic acid, which on hydrolysis 
with dilute sulphuric acid yields euxanthone and 
glycuronic acid. 

Xantboproteie Reaetion (Chem,') A test for 
flroteid substlncos depending on the production of 
fi. yellow colour when the substance is heated with 


strong nitric add <the reaction may obpnr wi&siit 
heating) which is intensified bn addition of ammopla^^. 
The colour depends on the formation of arbmatio^ 
nitro-compbnnds such as picric acid. A d0Oiilzum’ 
instanoe of the test is seen when nitric add gets bn 
to the hands. 

Xanthorrhea A genus of the Z4Uaee0l 

X. hastUiSi the Australian grass tree, yields a rosin 
used in the manufacture of sealing wax and varnish. 

Xanthoslderite (Min,) Hydrous ferric oxide» 
FejyOji . 2H80, containing 67 per cent. iron. It occurs 
usually in fibrous masses of a yellow blown colour. 
From the Harz, Ireland, etc. 

Xe (Chem.) The symbol for Xbkok (q,v,) 

Xenon (Chem,) Xe. Atomic weight, 128. \ 
colourless gas ; boils at 109° ; it is a solid at the 
temperature of liquid air ; has a monatomic molecule ; 
no reactions. It occurs to the extent of about I 
volume in 20,000,000 volumes of air, and is obtained 
from the less volatile portion of liquid air (after 
removing the remaining oxygen and nitrogen) by 
fractional distillation. It has a cliaracteristic 
s^jectrum containing many green lines. 

Xeroph^te (Botany), A plant modified for reduo 
lion of transpiration, owing to conditions in the 
soil preventing the normal absorption of water by 
the roots. Xeropbytes are characterised by leathery 
leaves, thick cuticle, sunken stomata, etc. 

Xoanon (AtcIkboI,) The term applied to a primi- 
tive kind of statue, supposed to be the result of 
superbuman work, and revered accordingly, 

Kylem (Botany), The term applied to the 
wood of plants. It consists of wood vessels and 
tracheides — two forms of water-conducting tissue — 
and a variable amount of wood fibres for support. 
rULOEM. 

Xylenes (C%e:w.) (Dimethylbenzcnes). There are 
three xylenes : 

C.CH, C.OH, ^.CH, 

nCr^C.CH, HC|^|Cn HCr'^'jCH 

Hcl^CH HcL^C.CHa HC\^CH 
CH CH . C.CH, 

Ortlioxylone. Metaxylene. Faraxylene. 

M.F. - 28° M.r. - 54® M.P. + 16® 

B.P. 142® B.P. 139® B.P. 138® 

They all occur in coal tur, but metaxylene to a far 
greater extent than the others; thus commercial 
xylene from coal tar contains from 70 to 87 per cent, 
metaxylene. They can all be obtained by the 
general methods for obtaining benzene homolognes, 
t»w. (1) Fittig’s reaction (g^.v.) ; (2) Friedel and 
Craft’s reaction (q,v ,) ; (3) by distilling the sodium 
salts of suitable carboxylic acids with soda lime, e,q. 
metaxylene from mesitylenic acid. See Mesity- 
LENE. They are all colourless liquids, smelling like 
benzene; insoluble in water. When boiled with 
dilute nitric acid the orthoxylene yields orthotoluio 
acid ; the metaxylene is only slightly attacked ; the 
paraxylone yields paratoluic acid. On farther action 
of nitric acid the ortho- and pora-compounds yield 
the corresponding dioaiboxyllo acids. Boiled with 
potassium permanganate they behave in the same 
way as with dilute nitric acid. Chromic acid oxi- 
dises orthoxylene completely to carbon dioxide and 
water, the other two to the ooiresponding dioar*> 
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TBA 
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box^lic acids, llie importoni of the three 
x^lepos is nietazylei)e» which cah. be separated from 
comroereitfl ;FyIfinc by boiling' with diluted nitiic 
acid, distilling the product in steam, shaking the 
difttillaie with oausUq soda to remove aoids, drying, 
and diSii]}ing over the meiaxylene. McUxylenc is 
impeitant because of its use in making dyes* A 

t CHj 

nitxoxylcne I I can be prepared from it 


the body ; it is also occasionally found in urine. It 
is a product of the hydrolysis of wood gum, but the 
wood gum need not be prepared first*} thus it can 
be obtained from chopped wheats straw by first 
digesting with dilute ammonia, then hydjrolysing 
with dilute sulphuric acid, and in a similar manner 
from brewery grains. also ButiA&s and OSAZOKEB, 

Xyst or Xystofi (Arc/tjftvf.) In cljfisical archi* 
tectuie, a covered portico or other place ft which 
athletes exorcised. 


NO, 

in the usual way. See Nitbo-compounds. This 
nitro-metaxylene on reduction (iron and hydrochloric 
acid^ 3 ’ields metaxylidine. iletaxylcne al^ sul- 
phonales like benzene, but it yields two Ihomeric 
sulphonio acids. JRxamples of djes prepared with 
the ui|e of xylene derivatives aie: Methylene violet, 

a' N 

A 

(1 CeIT3(CH.), 

which is obtained by the action of nitiosodimclhjl- 
aniline hydrooldoride upon the iiydiochloiide of 
metax>lidino (and some paraxv lidino). A numbti 
of scarlet d 3 es aiedeiived fiom metaxvhdine; eg» 
Ponceau 2 It or Xjlidiiic boailet. 


011(2) 


Y (extern.) The symbol for Yttrium (fl'.r.') 

Y Level {Surveying), A level so called because 
the telebcopc is mounted on forked rests called 
“YV’ fiom which it Criu be lifted and roveised. A 
foim of theodolite is called the “ Y Ihcudolite ” for a 
similai reason. 

Y Theodolite {Surveying). See Y I.lvel. 

Yak. A Tibetan species of ox (Jiot grnmiens), used 
as a beast of burden. The milk ih «>J good quality, 
and t he long silky hair is woven into ropes. 

Yam {Botany). The plants of the genus 
JDiohtorea (ordei, Bioaeoreacctr), ale characterised by 
liaving large undeigroun<l tubers of a starchy nature, 
used in the tiopits lor food. 

Yarn {Textde Manvfac.) A gineial term for the 
spun thiead jaepared lor the wtavei, citiy?r w'arp oi 
wift. The jam is dtliiitd a*' suit spun, medium 
spun, liaid spun, ncetuding to the amount of twist 
it h as receiv c d. Si c ^\ AKP and W Cl* T. 


which is obtained b} the action of /S-naj^htholdisul- 
phonio a( id U on a diazosalt oi metaxv lidme. ^ 

Xylidine ( Chan.) See XYLC^ES. 

Xylography. (1) Wood engiaving: su p. 202; 
(2) Printing tiom ongiaved wood blocks, 

Xylometer. An instrument for takinc: certain 
measuiements in deterinining the specific gravitv ol 
woods. 

Xylonite. A form of OCLLUpoiD {g.i^.) 

Xylophone A musical instrumint con- 

sisting of gra<iaatcd blocks of resonant wood, which 
aic Btiuck by two small hammers. 

cn.ou 

I 

13 . C . OH 
» 

Xylose {Chem.) HO. On 

n.LoH 

^no 

A five carbon atom sugar (pentose). .Crystallises in 
white needles; melts about 115®; readily soluble 
in water and in hot alcohol; tastes sweet ; is dextro- 
rotatoiy and shows multi-rotation. On iedu< tion it 
yields the corresponding alcohol, and on oxidation 
with bromine water it yields a monocaiboxylic acid. 
On oxidation witli nitric acid it ^jields a dicaibox^lic 
acid— trioxj^gliitaiic acid. 3t gives a totra-acctate 
with aceyo anhydride, and sodium acetate and an 
oga2one with {>honylhydrazine. Xylose does not 
undergo the alcoholic fermentation. It has been 
synthesiaed, and is known in the Isevo- and inactive 
funns. Xylose js Sf, splitting product of certain 
nuoleo f^c^ds, and so occurs in various organs of 


Yarn Counts ( Textile Man ufae ) The fixed length 
or weight for determining tlie counts, size, or 
diameter of a jam Set Corsis. 

Yarn Testing {Tea tile Ma7nitac ) Yanis arc 
tested by sp* cial appaiatus lor twine, breaking strain, 
and elastint j . 

YaPynn {Pa^er Mamijae.) The term applied to 
an uppaiatus used lor evaporating spent liquor to a 
small bulk. 

Yataghan {Anna). A Turki'-h swoid with the 
blade doubly curved, ami the handle devoid of eruanl. 

Yb {Chtm ) lie symbol for YTTLitniLM {q.v.) 

Year, Civil i^Astron.) A civ il jear consists of 365 
mean solar days, except tlat every fourth j ear one 
extra dav is added (Lea]> Vcai.'i This cxfia day 
products au enor ol ovtr three daj^s in 400 years, 
thcnfoix' in the Giegorian Calendar, tuieedajsnre 
omitb d ev ei j fourth ociituiy. The aveiago leiiglh of 
the civil year then coiiK'idcs very nearly with 
the Tiopioai Year. See Yeab, 'J'bopical. 

, Sidereal {Antrim.) The interval betw^een 

two ‘successive jiassages of tlic Sun thiough a point 
on the Ecln»tic, determined bj a icfcrcnoe to some 
Fixed Star. • 

y Tropieal {Aatron^ The intoiwal between 

tw^o successive passages of the Kun thiough the 
Fi^t Point of Aries. The Tropical Year coincides 
vritli the seasons, but does not contain an exact 
Aamber of days ; its length is very nearly 365 days 
6 hours. For this reason the Civil Year was devised. 
See Ybab, Civil. 

Yeast. A fungqs belonging to t]^e genus Sa^ 
eharomyeea. There are several forms, such as Bbhb 
Yeast, seen only in a cultivated form ; and Wira 


in tbe of vineyards. Tbe' 
plant oonsieta of ^nnte dganised oelts oontaining 
r* gfannlar matter* The elKlU at a certain temperatnve 
midtlply enora^oiuAy-by and oanse aloeholic 

fermentation. 

TcUow/ CdLoiTBa, IPbiiiaey. 

TaltoV) derdma* /See Obsx>ub VaiLLoar. 
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ort&whomblq. Coknr -lifla^AE »i^4>iimnk, iWjgfat.. 
Ud, and -anuim «N *lw (inMttia^ 

Sweden^ * ♦» ^ ^ 

A ivnU laipemgg^ 

native to Horth and Osiiitai^ AindM A 
fibre of eonflOdeiiable value ie obtaMl sja^ iwiirend 
species. ^ ‘ * 


,ik4taA* Se§tBm Am Yellow, 

Teltov Jasmine (J^otany), A North American 
plant* ^elteniifm nitidum (iMgamoeete) (not the euU 
used in pharmacy as a nervine and 
febrifniKe in the form of an alcoholic extractive 
(Gelsemin) and an alkaloid (Gelsemina). 

TeQev Odtve (Chom.') An impure ferric ozid^. 

— (Mitt,) A variety of Liinonito nsed 

as a pigment. From Pary’s Mine* Anglesea* anb 
Haddleback in Cumberland, etc. 

TeUow Pmsslate of Potash (Chem.') A common 
name for putasbinm ferroc>anide. See Potassium 
Compounds 

Vellow Topai (Min,) A synonym for Citrinei 
a clear yellow variety of Quartz ls»v,) See alto 
PRfiOIOUS StoNHS, js;. Rod , 

Tellov Wove ( Print ) A technical anomaly. It 
is really a blue wove pa^r of a cheap kind. 

Tenlte (Mm,) A synonym for Libvbite (q,v,) 

Yew. See ^VboDS. 

Yield Point (Eng,^ cfc.) When a specimen is 
tested tehting machine, a sudden increase of 

length usually (wours when the stress reaches a 
certain value. The point at which this occurs is 
termed the Ytbld Point. 

Ylanfi-ylanJ. This perfume, also known as 
Mac'assar .oil, is obtained from tlie flowers of a 
Ma^l^yan lice, Cananga odoiafu (oKler, Atwnacae) 

YoVo (Eleit. Enq) The if on portion connecting 
tbc limbs ot an electio magne t. 

Yolk {WooJUn and Worefed Mttnufac) The actual 
fat, or yuint (y.r ), of tlie wool fibre. TJic fine 
wools, sue li as ruoiino, may contain 60 uff to 60 per 
cent, of fatty matter; wools of the crobsbred type 
contain a much hniallei percentage. 

Yorkshire Light (Carp, and Jain ) A solid frame 
with one sash sliding hoiizontally 

Young Fustic. See Dyes and Dyeing. 

Ytterbium (Chem) Yb^ Atomic weight, 173. 
A very rare metal ot‘curring in gadolinite ami euxe- 
nite. It forms an oxide, YbjO^ and a bulpha|(', 
Yb/B0*),8H,0 The metal has a charactcribtic spark 
bpectrum. 

Yttrium (Chem ) Yt. Atomic weight, 80 i. 
rareonetal occunmg lu gadolinite, sainarskitc, and 
yttrotantalite. Its separation is a long and t(MlP>us 
process. It forms an oxi le, Yt^O., and a chloride, 
YtCL. The oxitle glows strongly whoa heated. The 
metal has a oharacteiistic spark spectrum. 

Yttroeerito (Mm,) A fiuoiide of enkriuro with 
cerium and yttrium metals. Massive. It contnins 
oeiium, 3 *ttrium, lanthanum, oidymiiim, find erbium. 
From near Falun in Sweden and in North America. 

YttTotaAtoUte fMin,)L A tantalate and niobate 
of iro% calcium, yttijiltm, erbium, and cerium; 


2arotlto(fifjA) A synonym for EicfltuxDKxchCPL 

(g,v.) 

Zodoary (Metany), A perfume and tonic ofa^ntned 
from the tubers of aifrenma tedearia (Einffiberaeew)^ " 
a native of India and China. 4 , 

ZeemaM Effeet (Phye,) An alteration in spectral 
lines produced by subjecting the source of Ilgbf (whiiqh 
may be a flame^ vacuum tube, etc.) to the action of 
a powerful magnetic field. When the light is viewed 
at right angles to the lines of force, each line becomes 
a triplet, the middle component having the same 
wave length as the original line. AU the lines are ' 
plane polarised, but the plane of polarisation of the • 
central line is perpendicular to that of the outer 
lines. When the light is viewed along the lines of 
force, instead of a triplet, a doublet vdth circularly 
and oppositely polarised components is prodnoed. 
These are the simplest forms dednoeft from the 
thcoiy. and are often actually obtained, but other 
modifications occur, and all lines do not behave alike* 
some being practically unaffected. Often a further 
splitting up of the components takes place. For 
instance, one of the yellow I) Linos m lesolved into 
four and the other into six constituents, aud ixi other 
cases t he effect is still more complicated. 

feiaeTs Prooeu (Chem,) A method for deter* 
mining the presence and number of the groups —OR 
111 an oiganic compound where R is a hydrocarbon 
residne of 1 he paraffin series. Such compounds are 
converted by the action of oonoentratod lijdriocftc 
acid into hydroxy compounds, while the alkyl group 
lb converted into iiKlidc, Eg, (1) 

c^HcOcii, + III « (’ u,OH + cn.i 
(Axofiiol) Phenol. 

(2) Quinine contains a methoxy (OCBL) group. (3) 
Codeine contains a methoxy gioup Ilie substance 
to be examined is weighed and placed in a small 
flask provided w ith a doubly bored cork ; through 
one opening passes a tube through which carbon 
dioxide is led thioiigh the apparatus, while the tube 
of a reflux condenser worked with warmed water 
passes through the other opening of the cork. To 
the u])pcr end of the condenser is attached a sot of 
potash bulbs containing water and a little red 
piiobphorusj the bulbs aio immersed in water at 
50*^ to 60^ The potash bulbs communicate with a 
flask containing a solution of silver nitrate in 
aqueous alcohol, to which a drop or so of nitric acid 
has been added— ‘Usually one flohk is sufficient, but a 
guard flask containing only aqu(*ou8 silvei nitrate 
can be added if desired. JJydno(iic acid is added to 
the substance, and the flask is brought slowly to 
boiling ; ^ny hydiiodic acid or iodine escaping is 
stopped in the potash bulbs. Methyl iodide is kept 
^seoub by the suitably wormed water of the con- 
denser and potash bulbs till it reaches thte alcoholio 
aquenis silver nitrate, where it reacts to form a 
double oomijound of silvei iodide and nitrate, which 
is decomposed bv warming on the water bath with 
much wfitej and a little nitric aohl. The silver 
iodide is*^wcighed. The method is not apphoahle 
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without modification to compounds containing 
sulphur. Zeisel's method can bo us«d to determine 
alcohol of orystallisatioD, methoxy and ethoxy 
groups in such compounds as acetals ; and a simple 
modification of it serves to determine alkyl groups 
attached to nitrogen (methylimlde groups). 

Zenith (Aitrcn.) The direction of a point imme- 
diately over the head of the observer. The vertical 
point of the heavens at any place, and consequently 
the opposite of Nadib (^.v.) 

Zenith Distance CAatron.) The angular distance 
of a stsir from the zenith (sx.) It is the complement 
of the altitude. 

Zenith Sector (^Astron.) An astronomical instru- 
ment consisting essentially of a portion of a graduated 
circle, used for accurately measuring the zenith dis- 
tances iq.v.) of stars which pass near the meridian ; 
also in trigonometrical surveys for finding the^differ- 
ence in latitude of two stations by observing the 
difference in the zenith distances of a particular star 
at the two places as it passes the meridian. 

l^nith Telescope (Asirnn,) A telescope, having 
adjustments in altitude and azimuth, used for ob- 
serving the meridian passage or transit of two stars 
near the zenith, one north and the other south of 
the zenit)i. 

Zeolite (Min.') Hydrous silicates of alumina and 
the alkalies ; they are commonly found in lavas, and 
occasionally in other eruptive rocks. 

Zephyr (TextiUi). A light cloth composed of fine 
coloured yarns, with fine sett. Woven in plain weave 
in either sti^ipe or check patterns. 

Zero Method {Phy$.^ JEleet. Eng. ^ etc.) A method 
of testing in which two quantities are adjusted till 
they are equal ; the attainment of such equality is 
known by the absence of any effect in an indicating 
instrument, e,g, the absence of deflection in a gal- 
vanoDjetcr used with the Wheatstone Bridge (q.v.) 

Zeuaer^s ¥alye Diagram (i%.) A diagram used 
in the investigation of the action of a slide valve 
(q»v.) It consists of a circle whose diameter repre- 
sents the travel of the valve ; two smaller circles are 
drawn with their centres on a diameter of the larger 
circle, so as to touch the latter and also each other. 
The displacement of the valve, the steam opening, 
exhaust opening, etc., can be obtained by drawing 
radii of tlm larger circle corresponding to any given 
position of the crank, i.e. at any point in the stroke 
of the piston. 

ZiwYOg[el Ppoceti {Chem.) A process for extract- 
ing silver from silver-containing copper ores or mattes. 
It consists of a very skilful process of roasting the 
matm'ial, so as to expel arsenic and antimony and 
a part of the sulphur. The sulphides of the charge 
are converted, at any rat^ in part, into sulphates, 
which are Ojgain decomposed as the temperature of 
the furnace is raised, except the silver sulf^mte. The 
charge is ivithd'rawn from the furnace when the tem- 
perature approaches that at whibh the sulphate is 
decomposed. The roasted product is extracted with 
hot water, and the silver is precipitated from the 
clear solution by copper. For some extremely in- 
teresting remarks on the complexity of the process 
see An IntToduetUm to tlie Study of Metallurgy^ by 
SiE W. C. Boberts- Austen, 3rd ed. pp. 8 et aeq, 

ZigZAg (AroMteef.) A form of ornament in 
Norman work, also termed Chbvbon (q.v.) 


Zigzags (Textile Marnfaes) Designs in which the 
twill or diagonal runs alternately to the tight and 
left. 

%\nc(Chem.) Zn. Atomic weight, 66*4. A white 
metal with faint bluish tinge ; melta at 419^ ; boils 
at about 920P. The vapour density shosih zinc to 
have a monatomic molecule. The specifio gravity of 
the metal is 6*9, and is raised somewh^ by rolling. 
It is most ductile and malleable botwm 50(y* and 
150°, while over 200° it becomes so brittle i^at it can 
be powdered. In the air the metal becomes super- 
ficially coated with carbonate, and then undergoes 
no farther change. When strongly heated in a& it 
burns with a bluish white flame to the oxide. Zino 
decomposes w*ater at a red heat, but if it is impure 
decomposition occurs even at KXy^. Hot solutions of 
caustic soda or potash dissolve zinc slowly, forming 
zincates, Zn + 2NaOH « N%ZnOg + Hj. Dilute sul- 
phuric and hydrochloric acids attack zinc, but 
extremely slowly. If impurities are present, as in 
commercial zinc, which contains carbon and iron, 
they attack it very readily, yielding a salt and 
hydrogen. Hot, strong sulphuric jujid acts as 
an oxidising agent forming the sulphate, and^ is 
reduced to sulphur dioxide and in part even to 
sulphuretted hydrogen. Nitric acid attacks zinc 
readily, forming the nitrate and various reduction 
products of nitric acid, such as nitrogen, ammonia, 
nitrous oxide, and nitric oxide. Zinc throws out 
many metals from solutions of their salts, e.g. copper, 
tin, lead, mercury, cadmium, silver, and gold. It is 
often used as a reducing agent, alon^ in the form of 
zinc dust or with an acid or alkali ; for example 
(1) many phenols are deprived of oxygen when 
heated with zinc dust, ordinary phenol giving Ixm- 
zene, alizarine giving anthracene; (2) succiuimide 
gives pyrrole (see p. 682) ; (3) zinc and dilute sul- 
phuric acid reduce ferric to ferrous salts, zinc and 
ammonia reduce copi)er acetylide to ethylene; 
(4) coated with copper (by putting clean zinc into 
3 per cent, copper sulphate solution) it formsetbe 
zinc copper couple which is often used in effecting 
reductions, as for example the reduction of a nitrate 
to ammonia, or methyl iodide to metliane. Zinc 
occurs naturally in the form of sulphide (zincblende, 
ZnS), carbonate (calamine, q.v.\ silicate (siliceous 
calamine, Zn^SiO^. H^O). To obtain the metal the 
ore is roasted so as to form oxide, and the oxide, 
intimately mixed with powdered coal, is distilled in 
clay retorts— a part of the metal oondenscs as dust. 
Numerous electrolytic methods for obtaining zinc 
have been patented, but none has yet entered into 
serious competition with the distillation method. 
Pure zino can bo prepared from ordinary oommerob.1 
pure unc by distilling it in hard glass tubes in a 
vacuum. Zinc is used in making galvanised iron 
(q.v.); in making many important alloys, such as 
brass, bronze, and German silver; as the negative 
pole in a number of Impoftant cells (see Cells) ; in 
the extraction of gold (q.v.) ^ 

Zinc Alkyls ( Chem.) See ZiKC Compounds. 

Zino Blende (Min.) See Blende. 

Zinc Compounds (Chem.) Zino Oxide, ZnO, is a 
white pow(ier; melting point unknown. Does not 
melt in the oxyhydrogen flame, and volatilises in the 
electric furnace. Can be obtained crystalline by 
strongly heating in oxygen. Occurs to some extent 
naturally in ciysUilline form. Very slightly soluble 
in water (about 2x 10^ gram molecules per litre); 
readily soluble in acids forming dbrresponding Salts^ 
and in caustic soda or potash forming zincates. 



When befttod it iams fellow, bat becomes white 
afi^m on cooling. It is reduced to the metal by 
heating it with carbon, or in a current oE hydrogen 
(at 450^). It may be prepared by heating the metal 
in air, or by heating the hydroxide, carbonate, or 
nitrate. Dn the large scale it is made by the first of 
. these methods. Zinc oxide is largely used as a 
paint (zinc white) ; it is also much used in medicine 
as an ol^tm^t or alone (astringent). The hydroxide 
Zd(OH)I is a white solid nearly insol ublo in water ; 
soluble in acids forming zinc salts, in caustic soda 
^or potash jfprming zincates, and in ammonia forming 
complex zinc ammonia oompounds. When heated it 
loses water and forms the oxide. It is obtained by 
precipitating a solutlAi of a zinc salt with caustic 
soda or pota'»h or ammonia solutions. The pre- 
cipitant must not be in excess ; it can be obtained 
in crystals by ^dacing zinc iu contact witii copper 
or iron in ammonia. The zincates, for example, 
KsZnOj, are obtained in the \Nays mentioned above 
and under Zinc ; they are completely hydrolysed in 
dilute solution. ZiKO Chlobidb, ZnClj. is a white 
solid usually met with in sticks which have been 
cajgi', melts about 200°; boils at 730°. It has a 
noimal \apour density. Zinc chloride is very de- 
]i(]ucsGent, and is used as a dehydrating agent ; thus 
it IS nscMl in the preparation of alkjl chlorides (^cc 
Ethyl Chloride). It is vcr>' soluble in water (1 gram 
molecule in 2 of water at IT^), in alcohol, glycerine, 
and many other organic solvents forming compounds 
with them. Fused zinc chloride readily distohcs 
zinc oxide, and^he solution sets to a hard mass. An 
aqueous solution of zinc chloride also di solves the 
oxide, and a strong solution of this kind is used in 
dia.st)lving silk. Zinc chloride coniVnnes with am 
niunia to form several <'omi)Ounds, eg, ZnCh.Nll, 
and ZnCl,2XIl,. JJoth these are very stabh , and are 
obtained by direct union of tl eir components. The 
Zn(M./iNIl, is found in Leelnnchd cells. This power 
of zinc chlorirlo to unite with ammonia is made use 
of#Jn eheiiiistry. iVre IIydrazonhjs and Skvtolb 
A lKalinc chlondes unite with zinc cMonde to form 
double salts, e.ff, (Nll,)^nCl^. A sfdution of this 
salt is used in soldering. Zinc chloride may le pre- 
pared by dissolving the metal, oxide, or carbonate 
in h>diochlonc acid aivl evaporating. During the 
cvaiioratiou basic chlorides of uncertain composition 
are fornied, and these must be removed by addition 
of concentrated hydrochloric acid, nr, better, by 
passing hydrochloric acid gas into the liquid during 
the process. Zinc chloride is used in medicine as a 
caustic, in solution as an antiseiitic under tlie name 
Burnett’s Fluid (/y.r.), and on a large scale in weight- 
ing or filling textile fabrics— 4 to 5 per cent, of it 
has been found in such fabrics. Zinc SulpIiats*, 
ZnSO^, is a white solid obtained by heating its hepta- 
^ hydrate at 100° to form the monohydrate, which is 
then heated over 240°. It is only decomposed at a 
white heat ; but it is easily decomposed by beating 
with reducing agents, e ff. with carbon it is reduced 
to fixide or to zinc according to the tempcratuic 
employed. Zinc sulphate is ordinarily met with as 
bept^ydrate, ZnS0^7H,0, commonly called white 
vitriol. This salt is formed by dissolving the metal, 
oxide, or carbonate in dilute sulphuric acid, and 
crystallising the solution. On the large scale the 
sulphide is roasted in such a way as to form sulphate 
which is extracted with water. Wheii the solution 
is crystallised over 60^ a hexabvdrato is prodoc^; 
the monohydrate is obtained as above. Zinc sulplilbte 
is vAy soluble in Vater (51 grs. in 100 grs. water at 
15°). With the alkali sulphates it' forms double 


salts, snob as K^ 04 ZnS 046 H 20 . It Is used in xhedi- 
cine as an emetic and as a lotion, in dyeing and 
oalioo printing, and in the preparation of other sind 
compounds. ZiKC Caebonate, ZnCO, : The natural 
form is crystalline (iee Calamine). AHificlaBy pro* 
pared, it is a white powder very slightly soluble in 
water, more soluble in water containing carbon 
dioxide; easily decomposed by heat, ZnCO, » ZnO-f 
CO,. It is obtained by precipitating a solution of a 
zinc salt with acid potassium carbonate. When a 
normal carbonate is used, partial hydrolysis results, 
and basic carbonates of varying composition are 
obtained. It is used in medicine like the oxide. 
ZiKO Sulphide, ZnS : The natural form (see Blende) 
is crystalline. That form known as Kidot’s hexagonal 
blende (Wiirtzite) is strongly phosphorescent in the 
o-rays of radioactive elements. It is the most im- 
portiint ore of zinc. The artificial form is usually 
met with as a white powder ; but it can be obtained 
crystalline by heating it to bright redness in a 
current of hydrogen or by beating zinc oxide in a 
current of sulphuretted hydrogen. It is very slightly 
soluble in water and in acetic acid, but readily 
soluble in mineral acids even when very dilute. 
Heated in nir it forms either the sulphate r>r oxide ; 
when heated with an oxidising agent, such as sodium 
peroxide, it forms the sulphate. It is obtained by 
precipitating a zinc salt with 8ul])hniettod hydrogen 
or with an alkaline sulphide. In the former case 
precipitation will be incomplete if the aeid liberated 
is a stiong acid, such as sulphuric or hydrochloric ; 
but it will be complete if it is a weak acid, such as 
acetic. Thus halt the zinc is precipitated from a 
solution of 1 gram of zinc sulphate in 77 grams of 
water on saturating the solution with sulphuretted 
” hydrogen. In the latter case precipitation is com- 
plete. To li.ake the precipitation complete in the 
case of zinc .sulphate it is only necessary to a<ld 
excess of sodium acetate, so that the strcmgly ionised 
sulphuric* acid is replaced by the slightly ionised 
acetic acid ; 


ZnSO, + 2NaC,H,0, + H.R - Na,SO, -f 2C,H ,0, + ZnR. 
Zinc combines with alkyl groups to form the ZlNC 
Alkyls. A ty*pical example of these compounds i.H 
zinc methyl, Zu(CH,)^, a colourloi'S liquid which 
boils at Itr ; has an unpleasant and dangerous smell ; 
takes file, burning with the zinc Ihiuie, instantly in 
air, but if dry air is allciwed slow access to it, it 


forms a kind of peroxide, probably ^ ^ 

which is explosive and liberntes iodine from potas- 
sium iodide. It is decomposed by water and methyl 
alcohol as follows : 

non ^011 




HOH 


on 


HOCII, 

noon. 


:Zn<; 


+ 2CH, 


.OCH, 

With alkyl iodides it yields, on heating, paraffins, 
Zn(rH,)^ + 21CH, « Znlj + 2C2H6. For its reactions 
with acid chlorides, aldehydes, and ethyl formate, 
jrec Ketones, FIecondary AiiCOHOLS, and Teutiaby 
Alcohols. For another kind of reaction, see Tin 
Compounds. Zinc methyl combines with ether 
forming 2 Zn(CH,)j(CaH 5 )jO. , It is prepared by gently 
warming a dry zinc copper couple (washed with 
alcohol, then ether, and the latter removed by a 
current of dry hydrogen) with methyl iodide. Zino 

methyl iodide, Zn^j^, is first formed, and yields 


the zinc methyl on distillation. The apparatus must 
be perfectly dry, and the whole operation carried 
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out in an atmosphere of carbon dioxide, Zinc ethyl 
and other zinc ^kyls are prepared, and behave in a 
similar way to zino methyl. 

Zinc Copper Couple See ZxKC. 

Ziselte Ked oxide of zinc, ZnO. Hexa- 

gonal, very perfeot cleavage, usually found massive ; 
deep red colour. Found in New Jersey, where it is 
an important ore of zinc. 

Zino Methyl {Chem.) See ZiKc Compounds. 

Zincography. The process of producing a design 
in relief on a zino plate, for the purposes of printing. 
See Photo Engbavino, 524. 

Zino White iChetn,^ St^e Zinc Compounds. 

{Dec.') A valuable white pigment consisting 

wholly of oxide of zinc {q.w) The term zino white 
is sometimes applied to the group of white pigments 
which <Jon8ist of zinc sulphide and zinc oxide, com- 
bined with a large pn»poi*tion, say 69 per cent., of 
barium sulphate, of which Orr*s Zinc Wlnte is 
an example. 

Zingiberacess {Botany). A Dicotyledon order of 
economic importance. Well known plants of the 
order are Gingeb {Zingiher)^ Caudamom {Ehttavia 
and Amomuin)^ and Tdbmeuic {Curcuma^. 

. Zircon {lUm.) An oxide of zirconium, ZrO..BiO^ ; 
tetragonal. Colourless, grey, green, or brownLsh. ! 
Found in certain metamorphic and eruptive rocks, and 
also in alluvial deposits. The varieties Jargoon and 
Hyacinth {q.v.) are used as gems. 

Zirconite {Min.) A grey or brown variety of 
ZincON {q.v.) 

Zirconium {Chew.) Zr. Atomic weight, ID-G. 

A rare metal occurring in ISeries 6, Group IV. of the 
I'eriodic System (q.v.) It forms bright grey plates ; 
melts about 13<X)®, only oxidised at a very high 
temperature. It is obtained from the dioxide by 
heating with carl>on in the electric furnace, when a 
product containing carbon is obtained, which must 
be again heated with more oxide to free it from 
carbon. The metal forms a dioxide, Zr()„, a tetra- 
chloride, ZrCb, a silicate, ZrbiO^. Ilie silicate is the 
form in which zii’conium is found naturally; it is 
called Zircon (q.v.) Sec Jabgoon, UyacINTH, 
Pbbcious Stones. 

Zither {Music). See Musical Instbumcnts, 
2}. 429. 

Zizania {Botany), A genus of gra.sse.s. Canada 
Rice {Z. aquatica) is used as a cereal in North 
Am.;rica. 

ZizyphuB {Botany), A genus of shrubs or trees 
of the order RJMmuaeeee^ mostly native to tropical 
Asia and America. Z. ehlororylon yields cogwood, 
Z, Letye un edible fruit, Z. vnlgarie the fruit known 
as Ft^ch jujubes, and Z. Joazeiro a Brazilian fodder 
plant. 

Zn {Ckem.) The symbol for Zinc (^ v.) 


iArekUeet,) ^ SoGXiB. 

ZodUte (Aetron,) A imaginary belt or zone la the 
heavens, within which the motions of the sun, moozb 
and planets are confined. It extends about 8 degrees 
on each side of the Ecliptic and was dlvid^ by 
the ancieuts into twelve parts, each dig^lngnished 
by a constellation, termed the Signs of the Z^iao. 

Zodiacal Light {Aetron,) A fainjf pyp^d of 
light extending from the sun both Ast and west 
along the ecliptic. Best seen in northern latitudes 
in the evening in February and Maiob, and in the 
morning in October and November. * 

Zoisite {Min,) A silicate iron aluminium and 
calcium; orthorhombic, usually in radiating groups or 
crystalline nurses ; pink to brown or grey. Found 
in metamorphic rucks. 

Zondaa {Mcteorol.^ Northerly hot winds of the 
South American pampas. 

Zone Axis {Min.) An axis in a crystal which is 
parallel to a set of crystal planes. 

Zone Plane {Min,) A plane normal to the Zone 
Axis {q.v.) 

ZoophopuB {Architect.) The frieze of an entabla- 
ture, p.'irticularly when carved with representations 
of animals. See Frieze. 

Zostera {Botany). A genus of Potamogctonacea; 

I known in Britain .*18 **gniss wrack.” The plants 
grow in salt water on sandy shores. When dried 
Zo.stcra is much used as a packing material. 

Zp {Chan.) Tae symbol for ZiBCONlUM {q*v.) 

Zymase (Chem.) An enzyme extracted from 
yeast. Nothing is known with certainty as to its 
chemical composition, much less as to its constitu- 
tion ; pcfrhaps it is a proteid. It is obtained from 
3 'ea.st by c.xpclling water by pressing it at a pressure 
of 50 atmo.spheres, rubbing the pressed mass w'ith 
the finest quartz sand and kieselgiibr in ordc^- to 
<lcstroy the cell walls, then again pressing, first by 
itself, then with a little water at 500 atmo.«(pheres. 
The expressed juice is filtered, and contains the 
enzyme, along with other enzymes of a different 
kind, such as proteol^^tic and peptic. The enzyme 
can be precipitated from the solution by alcohol 
ether (2:1); >vhen washed with alcohol and ether 
and dried in a vacuum over sulphuric acid, it consists 
of a white mass which contains the enzyme, but is 
far from being pure. The importance of zymase 
lies in its pro]jerty of fermenting glucose to aioohol 
and carbon dioxide ; it also ferments laevulose, 
r<afiinose is more slowdy fermented, galactose and 
gl.vcogen still more slowly, lactose and arabinoae not 
at all. Enzymes. Its optimum conditions 

for glucose are temperature 22°, concentration about 
1C per cent, glucose. Acids affect its action preju- 
dicially ; alkalis in small amount promote its action. 
Hydrocyanic acid stops its action altogether, but the 
activity is recovered by passing air through' the 
liquid for a long time. 
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Abicwption Buds (-P^ys.) See Bpeotbum 
Analysis* p- 698. 

Acetate (67im.) A salt of Acetic Acid 

Acid Drip (^Chem, A%.) See Deip, ji;. 175. 

Acid Sgg {Cliew, JEnff,) See Montejus. 

Acid Pamp (^Chem.) Add to definition, on, • 
Tt is sotnot lines oiieratcd by compressed air instead 
of by a piston. 

Actinism {PkysS) The special property of rarliant 
enerjry, wiiellicr Inminous or not, whereby chemieal 
changes are produced. The production of such 
chdbges. 

Actinometer (Phye.) An instrument (1) for 
measuring tlie heat intousity of the sun’s niys ; (2) 
for ascertainiug the actinic effect of light rays. 

Adlpocere. A light-coloured fatty substance 
formed by tiic decomposition I'f animal tissues under 
moist coudition|, but removed from atmospheric air. 

Aldine Edition* The term signifies a book printed 
at the Aldine Press in Venice by Aldus Manutius or 
one of his family (1494 — 1597). Aldine editions are 
celebrated for their fine typography. The term 
Aldine is applied, iu a modern sense, to a series of 
book.s in the same style ; also to a display type. 
Cf . Elzevieb o'od BiAck Letteb. 

Aldraphy. See Lithoobaphy, p, 3G2. 

Ididnment (^ypoy.) Uniformity in the base line 
of lu-iiitiug types. 

Anglo of Lag {Pnys.) See Lao and Lead. 

Anode {Elect). The conductor by which an electric 
emrent enters. C/. Cathode, 92. 

Aphelion {Astron.) That point, in the orbit of a 
planet or a comet, which is most di^»taiit ffruii the 
sun. [To precede wording of definition on p. 22.] 

Aplanatio {Optics). The term is applied to an 
object-glass, or a combination of lenses, which bring 
Xtfirallefraystoafocus without sj^erical or chromatic 
aberration. 

Apochfonatic {Optics). The term applied to a 
lens constructed so as to correct spherical and 
chromatic aberration to a greater extent than in an 
ordinary object-glass. ^SSci^ Aohbomatio Lens and 
Acbbomatism, p. 4. 

Apogee {Aetrvn.) The point, in the orbit of a 
planet or other heavenly body, which is farthest from 
the earth ; the term relates especially to that }^int 
in the moon’s orbit, [To precede wording of definition 
on p. 22.] 

Artifieial Silk* See Wood Pulp. 

Gaivanometep* See Galyanometebs, 

p. 246. 

Biplil {Leatherj^ Bark-tanned sheep skin, used 
for binding, etc, Cf. Boan. 


Batter {Eny.) The backward slope or inclination, 
from the base, of a wall, embankment, or the sides 
of a railway cutting. This gives resistance to the 
“ thrust,” and ensures greater stability. 

Baume Scale. See Hydbombteb Scales. 

Beck {Temtihs). A vessel for bolding dye liquor, 
etc« ; also termed a Back. 

Beck's Scale. See Hydbombteb Scales, p^ 298. 

Beer. To the list of adulterants, add Cocculus 
Indicus {q.v.) 

Bench {Gas Manitfa^^.) The terra applied to a set 
of retorts used for the dry distillation of coal. 

Benzine {Chern. Tech.) A popular term, not used 
in exact chemical nomenclature. Sometimes applied 
to a mixture of commercial benzenes ; also to a light 
petroleum distillate better known as Benzoline, which' 
is quite a different substance chemically. See BEN- 
ZENE, p. 49. 

Billets {Met.) Short lengths of square bars 
(blooms) of iron or steel feil to the roughing rolls of 
a mill for conversion into light sections of merchant 
iro|n^or rails, (f. Piles. 

Black Plates {^fet,) The name given to sheet iron 
intended f<.>r tinplates, before it is tinned. 

Black Tin {Met.) The term applied tt) com- 
paratively pure tin ore, i.c. ore which has been 
subjected to various dressings. 

Block Tin ^Met.) Add to definition on p. 55 : 
The term is also applied to articles (1) made entirely 
of tin, (2) made of tinplate {q.v.) of superior quality. 

Bog Iron Ore {Min.) This is sometimes used for 
purifying coal gas. See also p. 57. 

Bottom {Mining). The floor or bed rock on which 
a coal seam lies. 

Bottoms {Clwm. Tech.) (1) A general term for 
impure residues, c.g. Cfiustic sodti bottoms. (2) The 
term applied to colours which avT\ e as a foundation 
for other colours in dyeing fabrics. 

Bow {Music). See Musical Instbuments, p. 427. 

Broach {Tapestry Manu/ac.) The needle or small 
spindle used for inserting the weft. 

{Tools). (1) A stonemason’s chisel, with 

narrow point. (2) A kind of gimlet or bit used for 
boring u cask. 

Bucking Kier {Linen Manufac. ) A in w i Aoh 
linen cloth is boiled with lime water in the first 
process of bleaching. 

Burr* This term is applied to various tools used 
for abr^ng or drilling purposes, e.ff. a fiut^ reamer ; 
to a mortising chisel of rectangular section ; to a 
blank punched from a sheet of metaL 
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J^.) A p%xik s^rUcitiira placed at tlio foot of a 
sloping embankment or imft cutting to xeskt^ the 
thiUs^ or p^vent the soil from washing away. 

Canopie ITaae iArcli^L) A vase of peculiar 
sba}:^, used by the l^yptians as a receptacle for a 
portion of the entrails of embalmed bodies, and by 
the Etruscans for bolding the ashes of the dead. 
The lid lepi^sented a human head, the arms being 
sometimes added in the case of Etruscan vases, which 
were also provided with handles. 

Carriage Gain (.Cotton Sjfinning), See Ratghikg. 

Cattier’B Seale. See l|yDBOMBT£9 Scales, p. 298, 

Carton. A thin pasteboard used for making boxes. 
A box of this material. 

Cementite (.CJiem,, Met) See Ibon, p, 319. 

Centroclinal Dip (Geol.) See Quaquavebsal, 
p, 5 ^ 4 . 

Chemical Pulp. See Wood Pulp, p. 851. 

Circumferentor. A small graduated wheel which 
revolves on a liandle. Used for measuring the length 
of a wlieel tyre. 

Climatcu See Metsobology, p. 39G. 

Clump or Olunch {Mining, etc.) A coarse kind 
of clay. Specifically the compressed clay that occurs 
in coal strata. 

Clomps (^ypog>) Pieces of metal of same height 
as leads {q,v.) and cast to thickness of the bodies 
of type, usually nonpareil, brevier, long primer, and 
pica. 

Clfpeuc {Archupol,) (1) A large circular shield, 
convex on the outer and concave on the inner side. 
Of. Scutum and Targe. (2) A sculptured repre- 
sentation of a shield hung in the intercolumniatiou 
of the atria in Roman buildings. 

Collimation. (1) The accurate adjustment of the 
line of sight of a telescope, transit instrument, etc. 

(2) Bringing into line the axes of two lenses, or 
telescopes, which are then said to l)c “ in collimation.” 

(3) Determining or correcting the deviation of the 
line of sight of a telescope by means of a collimator. 
Mrror of Collimation : The deviation of the line of 
sight of a telescope from a plane at right angles to 
the axis on which it turns. This must be allowed 
for or corrected in observations. Line of Collimatim : 
The correct line of sight or optical axis. 

Collimator. (1) A subsidiary fixed telescope with 
fine wires or spider lines in its focus, used to determine 
or correct errors in collimation. (2) The tube of a 
spectroscope {q.v.) that carries the slit and contains 
lenses for rendering parallel the rays intended to fall 
on the grating or prism. 

Collotype, Collodiotype {Photo.) A photograph 
made by a process (generally the wet process) in 
which the plate is coated with sensitised collodion. 
See Wet I^ocess under J^oto Enobaving, o 523, 
Photooraphy,^. 525. 


- Commonial (JRioZ.) An animal or plant that lives 
with another, as a tenant^ but not at the expense of 
the host, ijo. it is not a true parasite (s,v.) 

Contlnontnl Condltioiis (Gedt) The geological 
conditions prevailing in large land areas, remote 
from the sea ; characterised by low rainf^l, scarcity 
of rivers,^ presence of salt lakes, 

CoBYoyop {Chem. Mug.) An endjbis travelling 
belt ; a chain ohrrying plates, or trays ; or a spii^ 
worm in a trough; used for transporting solids. 
Certain types are called Cbebpbbs. KockjesbS take 
the form of a long trough (with cross ridges) to whiefi 
a reciprocating motion is given. The aerial ropew’ay 
is a type of bucket conveyor, ^ut of a different order 
to the usual form of conveyor. Cf EleVATOB. 

CopsT Holder {Typog.) A boy or girl who reads 
the “ copy ” or manuscript aloud while the Reader 
(^.r.) verifies tlie proof. 

Cords {Bind.) See Bands, p. 39. 

Coumalio Acid {Cficin.) See I’ybones, y;. 578. 

Coumalin {Chem.) See l*yRONES,y;. 678. o 

Cyanides. See Gas Manufacture (C), p. 260. 

Desmotrophy ( Chem.) Si‘e Tautomerism, p. 748. 

Die .Stock {Eng.) See Stocks and DiES,y;. 723. 

Downtonian Rocks {Gcol.) Sec Ludlow Rocks, 
77. 30S. # 

Drosser (Glass Manvfac.) An iron frame used 
for separating tho tables ” in glass making. See 
Glass Manufacture, 7;. 258. 

Dust Destructor. A form of furnace in which 
house refuse, cinders, etc., are burnt. The material 
is first dried by exposure to the heal of the furnace, 
anil then consumed under forced draught. See also 
Waste J Products, 77. 834. 

Earth Colours {Dec.) A term sometimes applied 
to those colours or pigments which are found in 
nature, such as ochre, sienna, umber, etc. 

Eutectic {Met., etc.) Fusing easily, i.e. at a low 
temperature. The term is applied to compound sub- 
stances, e.g. alloys, tho fusing point of which is lower 
than that of the constituents themselves. "Ti.e 
ratios in which metals unite to form the alloy i^os- 
sessing the lowest melting point are never atomic 
ratio.s, and when metals do unite in atomic ratios 
the alloy protlucei^ is never Euteetle, Metallic 
alloys arc true homologues of the crrohvdrates.” — 
F. Guthrie in Nature. 

Feeder {Print.) The person who feeds the sheets 
of paper into a printing machine — the “layer-on.” 
The wonl also describes a mechanical contrivance for 
superseding hand labour in this operation. 

Ferrite {Chem., Met.) See Iron, p. 319. ^ 

Figurine {Art). A small figure or a group of 
small figures made of various materials, e g, metal, 
pottery ; used for decorative purposes. Cf. Tanagba 
Fioubtnes, p. 743. 

Fifhing {Eng., efe.) (1) The operation of joining 
rails, etc., by means of fish plates. See Fished 
Joint e$nd Fish Plates, p. 223. (2) The removal 
of sulphate of ammonia crystals ^om the saturator. 
See Gas Manupactube (C), jr7. 250. 





4;noTthem ^lo^ligh lead mJuers' nam^ 
tor certain lateral extensions ot ore proceeding &oxn 
•a metalliferous vein into the country rock. Flots 
occur only in connection with those parts of the vein 
which consist of limestone. 

• Fob (Soaf See Fittikg,^. 223. 

F1mnei>(£^^^, etc,) Generally a widemouthed 
conical apparatus, having a tube at the apex. Uaod 
for filling vessels with narrow openings, filtering, etc. 

•Fuse Jihig.) See SAFETY Fuse, p. G30. 

Gas, Coal* See Gas II^anufaotuus, p, 248. 

Geographical Mile. iSi^^r Wbights and Mbasubes, 
p, -843. 

Glazed Pig {Met,) See Blazed Pig, p. 54. 

Gramaphone. See Phonogbafh, p. 520. * 

Gums. Sec aUo Bbsins, p. 610. 

Gyrostat (Phye.') An instrument used in ex- 
periaieuts on tLe properties of rotating bodies, 
€.g, to show that the axis of a rotating body tends 
to retain its position in space, independent of any 
moti(ui which may he given to its sup}x>rt8. It 
consists essentially of a heavy fly wheel whose axle 
is supported so that it can set itself in any direction. 

Half-space Landing (Jiuild.Y See Staibcase, 
p, 707. • 

Hal vans, Halvings, Hanawayi (Alining). A 
Cornish term for ore refuse or inferior ore. 

Hand Loom ( Weaving). Sec under Silk, p. 673. 

Hwd Whip (Mining). A primitive contrivance 
consisting of a long pole, pivoted on a suitable 
supj^rl. A bucket for raising water, etc., is sus- 
poiwd from one end, and a counterbalance weight 
is attached to the other. 

Hanging Wall (Mining'). The upper “wall” or 
overhanging side of an inclined lode. 

Hartshorn, Spirit of. See Spibit of Habts- 
HORN, p. 703. 

Heading Joints (Carp.) The joints between the 
ends of floor boards, i.e, at right angles to the edges. 

Heading Side (Mini^ig). The lower side of a lode. 

Head Race (Mn>g.t Mining ^ etc.) The race or 
channel which oonveys water to a water-wheel. Cf. 
Tail Kaoe, p. 742. 

Heave (Mining). A fault (g.v.) which raises a 
lode. 

Hifbh (Alining). A slight fault whose throw is less 
than the thickness of the seam or vein. 

Hole (Mining). The expression “ to hole ” is used 
in various senses — e.g. (1) the making of an opening 
from one working, etc., to another ; (2) undermining 
or undercutting so that the mineral may fall by 
pressure. 

Horee ^Mining). A mass of unprofitable material 
(coan||^ rook, etc. ^ separating two parts of a lode 
or seam. 
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Mom F|A. At one tima horse dot was o^Aalhed, 
from the neck only of the horse, and that fht' U 
more valued than fat drom other parts of the l^y, as 
it is whiter and more Hock fat tlm con- 
sistency of lard, except in v^ny warm weather^ wMle 
other" horse fat is practically liquid, except' in the 
winter. .The two klndsof fat also differ fn!smCU; 
and. while the neck fat is a pure white, the other has 
a yellow eqjiour, with a atrong dirty brown tinge. 
The very hest s^imexui of neck fat have no smell 
at all. Horse fat is usually mixed with bone grefiae, 
and it is diiiloult to get it pure. The average spedffic 
gravity of the neck fat is about 0*92. lhe.fat of the 
kidneys, however, is nearly as h^vy as the neck fat. 
In veterinary practice horse fat is employed as an 
ointment; but its main use is in spap manufacture, 
,more particularly for soft soaps. Horse fat also 
’finds a limited use for lubricatioh, as some practical 
men consider it best for certain classes of machinery. 
Harness makers use it for leather, and wool 

combefs use it locally where is readily obtainable. 
The marrow of the horse is ayelldW fat,, solid at any 
ordinary tomperaturG. It yields a* very hard soap 
with caustic soda, but is vCry rarely used alone. 
Mixed with other fats, especially bone grease and 
cotton seed-oil, it is used In soft soBp manufacture. 
It presents ho clifliculticB in working, and the amount 
of alkali required for saponification is about one-fifth 
of its own weight, which is about the average of fats 
generally, if we exclude cocoanut and pa|m Aeroel 
oil. These fats are used for the better classes 6f 
soap, and are never used with horse PAt.' Adultera- 
tion of horse fat with boge oil is best detected by 
determining the iodine number. This is 84,for horse 
fat, and never exceeds 70 for bone oil, being usually 
aboig^ 67. llencc aiiy iodine value distinctly below 
84 probably denotes adulteration with^bone fat."* 

Hurdling (Mining). Passing ore through a coarse 
screen or sieve. 

Hushing or Hush (Mining).’ Washing away the 
louse ground covering a vein lying near the surface 
by a sudden rush of water. 

Hydraulic Mining, Hydraulicking. Working loose 
ore-bearing rocks (e.g. gravel containing gold) by a 
powerful jet of water. 

Hygiene. The branch of medical scionoe that 
deals with the preservation of hcaltli in regard to in- 
dividuals and communities. See {Sanitation, p. 635. 

Incense. See Thus, p. 708. 

Iserine (ilfm.) See IlmeNite,^. 302. 

Kalpls (Pot.) See Calpi^,^^. 82. 

Kier (Temtiles). A vat in which textiles are 
bleached, cy. Beck and Bucking Eieb. 

Kilo. See Weights and Measubbs, p. 843. 

Knot. Literally one of a series of knots placed 
at regular intervals in a log-line, the distance between 
two knots bearing the same relation to a mile as 
half a minute does to an hour, i.e. In common 
use, however, the term knot is employed as an 
equivalent for Nautical Mile or for a speed 
of one nautical mile per hour. See aUo under 
Weights and Mbasubbs, p. 843. 



APTOBNDIX 


872 


Lamella, Lamellaa The diminative of Lamiila. 
A thin plate or scale. Soif jt, 340, 

Lava {Beol,) A rock ot volcaoic orig^o which 
has solidified from a flaid mass at or near the surface. 
See Andbsite, Tbachtts, Basalt, Rhyolite, etc. 

Li^aatioiiy EHqnatloa (Met!) Tlie process of 
beating ores or alloys in order to separate the metals, 
the one that has the lowest melting point being first 
obtained. The process is employed in refining tin. 

Literals (^pop.) The mistakes of the com- 
positors in single letters only, riz, the taking up 
a wrong letter or inverting a right letter. 

Locking Stone or Locking Pallet (Watohee and 
Marine Chfanometere), The 3 ewel fixed in the detent 
of a chronometer escapement for the purpose of 
arresting the advance of the escape whed at the 
conclusion of every impulse. See DeteKT, jti. 156. 

Lnstra Cenolose (Arti/ieial Silk). See Cellulose, 
jp. 94, and Wood 1»ulp, p, 852. 

Machining (Print) The term used to express the 
operation of printing by machine. Cf. Peesswork. 

Majnicule (Paleeography), A capital or uncial 
letter; originally written separately, but later 
cursively — subsequently replaced by the new cursive, 
developed from the Minuscule (q .v) See also Uncial, 
p. 809. 

Marquetry (Furniture^. Veneer of different 
woo^ forming a mosaic design. 

Mechanical Pulp. See Wood Pulp, p, 851. ^ 

Mill (Met) That department of ah ironworks in 
which the blooms and rough bars from the ** forge"’ 
(which has also shingling and rolling machinery) 
are piled, reheated, and rolled into merchantable* 
iron. 

Milling (Chem, Eng.) The process by which toilet 
soap is perfumed and prepared for the tablet dies. 
Thin chips of dried stock ” soaps are passed between 
granite rollers, travelling at different speeds, so that 
the soap is rubbed and squeezed together as well as 
crushed. Perfumes, etc., are generally incorporated 
during the milling. 

Minuicule. (1) The cursive script hand developed 
from the semi-uncial between the 7th and the 9th 
centuries. It formed the basis of the small Greek 
and Roman letters of modem times, (2) A lower-case 
letter as opposed tn an uppcr-Casc letter. Of, 
Majuscule (a9id Uncial, p. 809). ’ • 

Modulator (Mnsie), See Tonic 8oi^A,p. 777. 

Mdellon (Chem, Eng) See Bod OiLS,y7. 689. ^ 

Moloxide Oxygen,^. 48$! 

Montqjus (Chem. Eng.') The equivalent of an^ 
aci<l egg. A pistonless pump for raising acids, etc., 
by compressed air. 

Morocco (Leather Mannfac.) See also PResjan, 
jt. 511, a9id liOAN, p, 618. 

Mud Drum (Eng) A cylinder attached by pipes 
to the lowest part of the boiler. It receives the feed 
'water, and is supposed to allow the mud and sediment 


to settle out before the water rites iuto the boiler eheU. 
Not in universal use, filtration Of the feed watm: 
being much more effectual and safer, as unless 
protected from direct beat they are liable to bum 
and become dangerous. In tubular boilers they are 
sometimes provided as part of the d^ign. The 
growing belief that a boiler is n^. a sludge tank but 
an evaporator is disposing of tbeir us^ 

Hogg^g Pieees iChrp). The horizontal pieces of 
quartering fixed between the studs of a partition to 
stiffen it. 

Oils. See also Lubricants, n. 307. 

Optics. The study of phenomena of light and 
vision, and of the various instruments employed in 
connef^tion tbeiewith. 

Overblow (Met) In the Basic stee^ process, 
after tho carbon has been removed in tlio Bessemer 
converter, the “ blow ** is continued for another two 
or three minutes, during which the phosphorus in 
the charge is eliminated. Also called the Afteb- 
BLOW. 

Peristaltic (El(‘ct.) The term used by Lord Kelvin 
to describe the kind of electrostatic induction that 
occurs between conductors enclosed in the same 
insulator, e.g, in an ocean cable. 

(Physiol) The term applied to the wave- 
like and involuntary contractile mascular movements 
(peristalsis) of any hollow organ of the body, 
especially the alimentary canal, whereby the contents 
are propelled onwards. 

Pole (Silk Mant^fao.) A term synonymous with 
pile, e.g. pole warp = pile warp. Sec Pile (Teaftiles), 
p. 632. 

Pseudomerism ( Chem.) See Tautomebism, ^.748. 

Raising Gig ( WooUefi Manufac.) A machine that 
rai.scs a nap on cloth. 

Red PruBsiate. Another name for Potassium 
Febbicyanide (yv.), p. 552. 

BelectiTe Absovption. See Spectbum Analysis, 
p. 698. 

- Sienna (Paint) See Burnt Sienna, p. 77, and 
Tebba dt Sienna, p. 759. 

Soffit (Puild) The head-lining of a door or 
window oponiz^ Tlie underside of a flight of stairs 
or balcony, looking upwards. 

Sparking Plug {Motors, etc) A miniature arc 
lamp, between the terminals of which a low or high 
tension spark is passed by means of a current 
obtained.from a storage battery or'magneto machine, 
i It is 'placed in the combustion chamber ^f an 
’ internal explosion motor to fire the gaseous fuel. 
iThe ma4u conductor is insulated by embedding it in 
^ a plugf of glass, porcelain, mica, or otlicr fireproof 
insulating material. The plug and conductor are 
mounted lu a brass or other metal screw collar or 
union which carries a wire terminal, bent to face the 
main conductor at the base of the plug. The points 
of the terminals can then be adjust^ to leave a 
sparking gap ” of about ^ inch. 

Stall Boajpd (Carp) The boating inside B shop 
window on which the goods are displayed. 
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St&ndavd Cell (^Elect.) A form of primary cell 
whose E.M.F. is accurately known and not liable to, 
much variation. It is not used to produce a current, 
but as a standard of electromotive force for com- 
jparison with other electromotive forces, calibration 
of instruments, and similar processes requiring a 
.standard. # 

Stratiu TAla of (GeoL^ Stratified rocks are 
tabnlatea by the geologist according to age, which 
is determined by consideration of the fossils con- 
tained in the rocks, and hy the physical relations of 
Uiie different be<is one to anotiier. A number of beds 
are grouped together into Systems, e.g. the Cab- 
BONIFEBOUS 8YSTEM,*%hich includes the various 
Series known as the Coal Measures, Millstone Giit, 
and Carboniferous lAmestune Series. Each series is 


further classified according to the natural ^vision 
into separate beds, whicli may vary in different 
places. The various By.stems are further , grouped 
together into Primary, Secondary, TsaTiJiRY and 
rosT-TBBTiAEY, OF QUATERNARY Kocks ; another 
set of rocks, older than any of the foregoing, 
are termed Archaean or rBS-CAMSBiAN (aeo 
jp. 657). 

With the advance of geological knowledge, modifi- 
cations of the recognised classification continually 
occur. Tiius there are reasons why the Dyas sho^d 
be treated as Secondaries rather than as Primaries, 
and the method of division of the Cambrian, 
Ordovician, and Silurian Rocks is still the subject of 
much discussion. The classification most generally 
adopted is sfiown in the following table, which 
follows the method of Lapworth : 
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Post-Tertiary 


f Recent ; Raise<l beaches, etc. 

\ IMeistocenc or Glacial deposits 


Most of the animals and plants at 
present existing. 
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Tertiary . 

t , . 

. Upper -| 

^ Lower - 

T,i- ( Norwich Crag, Red 

^I-l)ooenc 1 Crag, etc 

Miocene Absent in Britain 

r Upper (absent in 

1 Britain) 

^ Oligooenc 4 Hempstepd Beds, 

1 etc. 

1 llcadon Beds# 
f Bngsbot Beds 

Eocene \ 

1 Lower London 

( Tertiaries 

Plants and animals closely resembling 
those now living. 

( Upper -I 
Cketacuous . -j 

\ Lower i 

r Chalk 

L Upper Greensand, Gault 
r Lower Greensand 
[ W ealdcu 

Abundant niiimal life: the gigantic rep- 
tiles of the Jnra^^sic Rocks occur, and a 
number of species of birds. Plant re- 
mains include those of the Jurassic 
system, with the addition of many 
liighor forms. Thus in the Cretaceous 
Itocks of Germany, the Oak, Walnut, 
and Fig occur, and many additional 
tpccics arc found in America. 

JxntAssic . . 1 

r Upper ■ 

Middle^ 

^ Lower ■ 

f Portland and Purbeck Beds 
Kiinmeridge Clay 
[ Corallian and Oxford Clay 
f Great Oolite 
( Inferior Oolite 
f U)»per lAap •= , 

Maiistono or Middle Lias / 

[ Lower Lias 

Num^pus fitfiies,. repti>c^^(/(i?f/f 
Plfdoseiuhtg; EdtmmuruSt and IHero* 
murnis), - th& earliest known" bird 
(^JiTchtBoptoryx)^ and certain marsupial 
> Mammalia. Lower forms of animal 
life arc numerous. Many plants occur, 
the most important being Cycads and 
Conifers. 

Trias . . | 

♦ • 

j 

r Kell per Morli^, Handstones, etc. 

[ Buntcr Sandstones and Pebble Beds 

Reptiles: Amphibia {Lahi rinthodonta)* 
Fishes : Crustacea (^FatlwHa^ etc.), 
Molliisca Ceratitea); Braebiopods 

( TerehratnUi^ Sjnrifer), Certain plants, 
e.g. EguisetuM, Voltzia (a Conifer), 
and Cycads. 
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Dyas . . f Magnesian Limestone, etc. 

(Permian) Permian Sandstone 

Corals, Bivalves, Flslies, Amphibians, and 
tbe first Boptiles (Proteromurvgy. 

] 

Upper Coal 

Measures 

f Coal Measures - Main Coal 
^ TTr.r^r J Measures 

r Uppe -j Gannister 

^ 1 1 Millstone Grit 

Cabbokifebous^ r A^’oredale Rocks 

1 ( Carboniferous Mountain 

Lower -j Limestone - Limestone 

y Series Ijower Lime- 

stone Simles 

# 

Extensive plant remainSi/ FCms, 

Equisetum, and Lycopods (Club 
Mosses). Marine fossiU, o.g. Corals, 
Echinoderms, Mollnsca, Fishes, Am- 
phibia (^Zahyrinthodonta)s * 

• • 

Devonian . f Upper Pickw ell and Petherwiu Beds. 

(Old Red -j Middle Ilfracombe Beds 

Bandstone) [ Lower I^yiiton Beds 

Niunerous characteristic Fishes : a certain 
amount of plant life (Bca-wccds and 
plants allied to the Equisetum and to 
the Tree Ferns), Brachiopods, aud some 
Trilobitcs. 

o 

/ ITpper or Downtouian Bucks 

Silurian . . 4 Middle or Salopian (Ludlow, Wenlock) , 

Lower or Vnleutian (Tarannon, etc.) 

1 

Numerous Trilobites, Mollusca, Grapto- 
litep, Coral.s,* the earliest remains f»f 
land plants, and of Fi.sltes. 

r Upper or C^radoc Hocks 

ObdoviciaN .4 Middle er Jdandeilo 
( Lower or A re nig 

# 

Graptolitcs are here the^ most important 
fossils. Trilobites arc also common, as 
well as Brachiopods, and Cephaiopods, 
liainelli branch s, and Echinoderms 

occur. 

[ Tinner / ^’rcmadoc Slates 

OAMBKIAN . - . Meiiexiari Group 

Trilobites are the most cbaracloristic 
fossils. A number of Mollusca and 
Midlnscoida (Brachiopods) arc fouqd ; 
no Vertebrates or land animals. • 


rilE-CAMVBTAN J\OCKS (fiee ]). 537 ) 


Terne Plate (A/^^.) A kind of tinplate the i Wale» Wale Piece (CVz/^1 A piece of timber 

coating of wliich coii&i^ts of an allov of lead and tin. | fastenetl horizontally to a row of piles, etc., to receive 
Toraing Piece iJiMild.) A piece of timber cut to ' the impact of vessels. The horizontal pari of a Camp 
shape, to form a half-brick arch on. j I^heathing (r/.v.) 
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CORRIGENDA 


l^d Sea weeda read red 6ea> 

weeds. • \ 

Alcoholimetvy iCJtem,') Itead Alcoholometry* 

Alleil*B HoveMior. Ibr value (last line) read 
falve. 

Amovlno. in ^phitecturo often used. 

Angle of Flexture Head Angle of 

Flexure* 

Apertare (Phato.) The definition should read : 
The dia7?ieter of the “atop” or opening through 
which the beam of light transmitted by a lens must 
pass. , 

Aphelion Ibr rEKHULiON read 

HELIOK. 

jf^se or Apsis {Agtron.') Substitute definition: 
The point of un eccentric orbit wliere the planet is 
either farthest from or nearest to the ccnlre of 
attraction, termed respectively the higher apse and 
the lower apse. 'J’hese terms are apfdied also to 
elliptic orbits. The apses of a planet are it.s Aphe- 
lion (7.??.) and I’EitiHELlON ; those of the Moon its 
Apogee and I'em^oke. 

ArchsBology* A fier appertains to read man in. 

Architecture, X). 25, line 25. Ercctheum 

read Ereclitheum. 

Armature^(A7^/7f. JEng,') For magnetic Ions read 
magnetic lines. 

Balance Wheel (FhrJis and Wati^iOi). Tfefer to 
Ihe^letinition under Balance ( Watchps}^ which is the 
inoiftra term, tier also Balance Spring. 

Bands (Phul.') For in the back road on the back. 

Baryto Calcite For lloCOj, rtad liaOO,. 

Batten Lay or Lathe {Hllh Manvjac:) Head 

Batten, Lay or Lathe. 

Beam, p. 45, col. 2, line 12. Read ou-efiicient of 
eliLsticity (E). 

Beer (line 10). Ear urseuic containing read 
arson ic-con tai n ing. 

Bifllar Suspension (Phgs.) For constant (8tU 
line) read continuous. 

Block Tin. For Bcfincd Tin read Grain Tin. 

Bone {Zool.') The word “ calcium ” should be 
repeated before carbonate and be foie iluoridc. 2*'or 
cheilly read chiefly. 

Calcium Compoonds {Cliem.'), p. 81, line 21. For 
Oyplum, CaSO;,211aO road Gypsum, CaSO, . 2HjjO. 

Candle* After during combustion (4th line from 
end) 9’ead and their low illuminating power. 


Carbolic Acid. Far so vioZent n poison (2ud line 
fr(im end) read a violent irritant poison. 

Caryatid (Arohiteof.) For Ereetbeum read 
EreuhLtieum. 

Cements (Ifuilfl.') For solution of lime (5th line 
from end) read solutiou of alum. 

Chronometer. F'or dcdcut read detent. 

Cirenmferenter. Read Circumferentor. 

Colours (Pi fits'), i). Ill), 2nd column, line 8. 
Fhr cadmium, n^ad cadmium yellow. 

Colours, Complementary. For (PigmeuU) read 
(Pigments), 

Cross (Her.) Fig. 1, legend line. Ahr Clkchkb 
read Glecii6h B'ITCHeE. 

Declination (Astf'on.) Fbr horizon read equator 
(p. i52). 

Dressing (J/iwmy). For True VANNETir<#<w/ Frub 
Yasneh. 

En^aving, p. 20:i. IIollani>. For llembrant 
read lleni brand t. 

Fitting (Soap Mannfac.) For Kest 8oap (4th 
line Irom outl) refut NE.-tT SoAP. 

tethering (Bind.) For volume from read volume 

Gum Anime, p. 273. For Anime read Animi. 

Musical Instruments, p. 427, line Ifi. /hr cymbals 
read cymbalo. * 

Opoponax, p. 477. .Read Opopanax. 

' Ovepatep (Geol.) Bead A stratum is said to 
overstep aiiotltcr . . . etc. (p. 483). 

Paper, I). line 29 from end. For stiflE chests 
read stuff chests. 

Pile (Textile Maniifac.) F'or cut ; or left in loop, 
read cut, or left iu looi)s. 

Ptomaines (Chevi,), x^- 5(>9, line 14. Read sub*^ 
stances obtained from corpses, which have basic 
properties, and show the general reactions of the 
X>lant alkaloids. 

Pynknometer* Read Pyknometer. 

Rhyolite (Oeol,) For crumbling read crumpling. 

Speed Gears, p. 599, col. 2 , line 32. /i;r sun read 
sum. 

Tungsten (C/tem,) Read Atomic weight 184. 

Wall Rib, p. 832. /hr Bin read Bib. 












